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STM32MP153A/D

Arm® dual Cortex®-A7 800 MHz + Cortex®-M4 MPU,
TFT, 37 comm. interfaces, 29 timers, adv. analog

Features

Core

32-bit dual-core Arm® Cortex®-A7

— L1 32-Kbyte | / 32-Kbyte D for each core
— 256-Kbyte unified level 2 cache

— Arm®NEON™ and Arm® TrustZone®
32-bit Arm® Cortex®-M4 with FPU/MPU

— Up to 209 MHz (Up to 703 CoreMark®)

Memories

External DDR memory up to 1 Gbyte
— up to LPDDR2/LPDDR3-1066 16/32-bit
— up to DDR3/DDR3L-1066 16/32-bit

708 Kbytes of internal SRAM: 256 Kbytes of
AXI SYSRAM + 384 Kbytes of AHB SRAM +
64 Kbytes of AHB SRAM in Backup domain
and 4 Kbytes of SRAM in Backup domain

Dual mode Quad-SPI memory interface

Flexible external memory controller with up to
16-bit data bus: parallel interface to connect
external ICs and SLC NAND memories with up
to 8-bit ECC

Security/safety

TrustZone® peripherals, active tamper
Cortex®-M4 resources isolation

Reset and power management

December 2020

1.71 V to 3.6 V I/Os supply (5 V-tolerant 1/Os)
POR, PDR, PVD and BOR

On-chip LDOs (RETRAM, BKPSRAM, USB
1.8V, 1.1V)

Backup regulator (~0.9 V)

Internal temperature sensors

Low-power modes: Sleep, Stop and Standby
DDR memory retention in Standby mode

DS12502 Rev 5

Datasheet - production data

E LFBGA |

LFBGA448 (18 x 18mm)
LFBGA354 (16 x 16mm)
Pitch 0.8mm

TFBGA361 (12 x 12 mm)
TFBGA257 (10 x 10 mm)
min Pitch 0.5mm

e Controls for PMIC companion chip

Low-power consumption

e Total current consumption down to 2 pA
(Standby mode, no RTC, no LSE, no
BKPSRAM, no RETRAM)

Clock management

e Internal oscillators: 64 MHz HSI oscillator,
4 MHz CSI oscillator, 32 kHz LSI oscillator

e External oscillators: 8-48 MHz HSE oscillator,
32.768 kHz LSE oscillator

e 5 x PLLs with fractional mode

General-purpose input/outputs
e Upto 176 I/O ports with interrupt capability

— Up to 8 secure 1/Os

— Up to 6 Wakeup, 3 tampers, 1 active
tamper

Interconnect matrix

e 2 bus matrices

- 64-bit Arm® AMBA® AXI interconnect, up to
266 MHz

— 32-bit Arm® AMBA® AHB interconnect, up
to 209 MHz

3 DMA controllers to unload the CPU

e 48 physical channels in total

¢ 1 x high-speed general-purpose master direct
memory access controller (MDMA)
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e 2 x dual-port DMAs with FIFO and request
router capabilities for optimal peripheral
management

Up to 37 communication peripherals
e 6 x [2C FM+ (1 Mbit/s, SMBus/PMBus)

e 4 xUART +4 x USART (12.5 Mbit/s, ISO7816
interface, LIN, IrDA, SPI slave)

e 6 x SPI (50 Mbit/s, including 3 with full duplex
1°S audio class accuracy via internal audio PLL
or external clock)

e 4 x SAl (stereo audio: 12S, PDM, SPDIF Tx)

e SPDIF Rx with 4 inputs

e HDMI-CEC interface

¢ MDIO Slave interface

e 3 x SDMMC up to 8-bit (SD / esMMC™ / SDIO)

e 2 x CAN controllers supporting CAN FD
protocol, out of which one supports time-
triggered CAN (TTCAN)

e 2 x USB 2.0 high-speed Host
+ 1 x USB 2.0 full-speed OTG simultaneously

— or 1 x USB 2.0 high-speed Host
+ 1 x USB 2.0 high-speed OTG
simultaneously

e 10/100M or Gigabit Ethernet GMAC

— |EEE 1588v2 hardware,
MII/RMII/GMII/RGMII

e 8- to 14-bit camera interface up to 140 Mbyte/s

6 analog peripherals

e 2 x ADCs with 16-bit max. resolution (12 bits
up to 4.5 Msps, 14 bits up to 4 Msps, 16 bits up
to 3.6 Msps)

e 1 x temperature sensor
e 2 x 12-bit D/A converters (1 MHz)

¢ 1 x digital filters for sigma delta modulator
(DFSDM) with 8 channels/6 filters

¢ Internal or external ADC/DAC reference Vrgg+

Graphics

o LCD-TFT controller, up to 24-bit // RGB888

— upto WXGA (1366 x 768) @60 fps orup to
Full HD (1920 x 1080) @30 fps

— Pixel clock up to 90 MHz
— Two layers with programmable colour LUT
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Up to 29 timers and 3 watchdogs

e 2 x 32-bit timers with up to 4 IC/OC/PWM or
pulse counter and quadrature (incremental)
encoder input

e 2 x 16-bit advanced motor control timers

e 10 x 16-bit general-purpose timers (including 2
basic timers without PWM)

e 5 x 16-bit low-power timers

¢ RTC with sub-second accuracy and hardware
calendar

e 2 x4 Cortex®-A7 system timers (secure, non-
secure, virtual, hypervisor)

1 x SysTick M4 timer
¢ 3 x watchdogs (2 x independent and window)

Hardware acceleration

e HASH (MD5, SHA-1, SHA224, SHA256),
HMAC

e 2 x true random number generator
(3 oscillators each)

e 2 x CRC calculation unit

Debug mode

e Arm® CoreSight™ trace and debug: SWD and
JTAG interfaces

o 8-Kbyte embedded trace buffer

3072-bit fuses including 96-bit unique ID,
up to 1184-bit available for user

All packages are ECOPACK2 compliant
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STM32MP153A/D Introduction

1 Introduction

This datasheet provides the ordering information and mechanical device characteristics of
the STM32MP153A/D microprocessors.

This document should be read in conjunction with the STM32MP 153 reference manual
(RM0442), available from the STMicroelectronics website www.st.com.

For information on the Arm®®@) Cortex®-A7 and Cortex®-M4 cores, refer to the Cortex®-A7
and Cortex®-M4 Technical Reference Manuals.

SYUSB arm

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

3
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Description

The STM32MP153A/D devices are based on the high-performance dual-core Arm®
Cortex®-A7 32-bit RISC core operating at up to 800 MHz. The Cortex-A7 processor
includes a 32-Kbyte L1 instruction cache for each CPU, a 32-Kbyte L1 data cache for each
CPU and a 256-Kbyte level2 cache. The Cortex-A7 processor is a very energy-efficient
application processor designed to provide rich performance in high-end wearables, and
other low-power embedded and consumer applications. It provides up to 20% more single
thread performance than the Cortex-A5 and provides similar performance than the Cortex-
A9.

The Cortex-A7 incorporates all features of the high-performance Cngex-A15 and Cortex-
A17 processors, including virtualization support in hardware, NEON , and 128-bit AMBA®4
AXI bus interface.

The STM32MP153A/D devices also embed a Cortex® -M4 32-bit RISC core operating at up
to 209 MHz frequency. Cortex-M4 core features a floating point unit (FPU) single precision
which supports Arm® single-precision data-processing instructions and data types. The
Cortex® -M4 supports a full set of DSP instructions and a memory protection unit (MPU)
which enhances application security.

The STM32MP153A/D devices provide an external SDRAM interface supporting external
memories up to 8-Gbit density (1 Gbyte), 16 or 32-bit LPDDR2/LPDDR3 or DDR3/DDR3L
up to 533 MHz.

The STM32MP153A/D devices incorporate high-speed embedded memories with

708 Kbytes of Internal SRAM (including 256 Kbytes of AXI SYSRAM, 3 banks of 128 Kbytes
each of AHB SRAM, 64 Kbytes of AHB SRAM in backup domain and 4 Kbytes of SRAM in
backup domain), as well as an extensive range of enhanced 1/Os and peripherals connected
to APB buses, AHB buses, a 32-bit multi-AHB bus matrix and a 64-bit multi layer AXI
interconnect supporting internal and external memories access.

3
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STM32MP153A/D Description

All the devices offer two ADCs, two DACs, a low-power RTC, 12 general-purpose 16-bit
timers, two PWM timers for motor control, five low-power timers, a true random number
generator (RNG). The devices support six digital filters for external sigma delta modulators
(DFSDM). They also feature standard and advanced communication interfaces.

e  Standard peripherals
- SixI°Cs
—  Four USARTs and four UARTs

- Six SPIs, three 1°Ss full-duplex master/slave. To achieve audio class accuracy, the
12s peripherals can be clocked via a dedicated internal audio PLL or via an
external clock to allow synchronization.

—  Four SAl serial audio interfaces

— One SPDIF Rx interface

— Management data input/output slave (MDIOS)
—  Three SDMMC interfaces

— An USB high-speed Host with two ports two high-speed PHYs and a USB OTG
high-speed with full-speed PHY or high-speed PHY shared with second port of
USB Host.

—  Two FDCAN interface, including one supporting TTCAN mode
— A Gigabit Ethernet interface
— HDMI-CEC
e Advanced peripherals including
—  Aflexible memory control (FMC) interface
— A Quad-SPI Flash memory interface
— Acamera interface for CMOS sensors
— An LCD-TFT display controller

Refer to Table 1: STM32MP153A/D features and peripheral counts for the list of peripherals
available on each part number.

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

The STM32MP153A/D devices are proposed in 4 packages ranging from 257 to 448 balls
with pitch 0.5 mm to 0.8 mm. The set of included peripherals changes with the device
chosen.

These features make the STM32MP153A/D suitable for a wide range of consumer,
industrial, white goods and medical applications.

shows the general block diagram of the device family.
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STM32MP153A/D

Description
Table 1. STM32MP153A/D features and peripheral counts
x % x % x % x %
X X X X X X X X
(el =] 0 m (SN &) g
<< g < g < < <
<0 =) o =) ®»
M ™M (e 3] ™M M e 3] 3
22 2% 22 22 S
oo oa oQ oa 2
Features =3 23 23 =5 |2
(5 3r) N ™M (52 3r) N ™M [}
== == == == a
E = = == = = =
non non nn non =
TFBGA257 LFBGA354 TFBGA361 LFBGA448
Body size (mm) 10x10 16x16 12x12 18x18
Pitch (mm) 0.5(M 0.8 0.5(M 0.8
Package Ball size (mm) 0.30 0.40 0.30 0.40 -
Thickness (mm) <1.2 <14 <1.2 <1.4
Ball count 257 354 361 448
CPU Dual-core Cortex-A7 FPU Neon TrustZone
2 x 32-Kbyte L1 data cache
Caches size 2 x 32-Kbyte L1 instruction cache
256-Kbyte level 2 unified coherent cache
Frequenc STM32MP153A: 2 x 650 MHz
g y STM32MP153D: 2 x 800 MHz
MCU core Cortex-M4 FPU
Frequency 209 MHz
ROM 128 Kbytes (secure) -
CPU system 256 Kbytes (securable) "
[0)
MCU subsystem 384 Kbytes =
Embedded SRAM S
MCU retention 64 Kbytes ©
Backup 4 Kbytes (securable, tamper protected) ~
—_ 16-bit 533 MHz Up to 1 Gbyte, single rank
s 2 LPDDR2/3
=53 32-bit 533 MHz - | - |
[ -
oo 16-bit 533 MHz Up to 1 Gbyte, single rank
» & |DDR3/3L
= 32-bit 533 MHz - | - |
Backup registers 128 bytes (32x32-bit, securable, tamper protected) -
DS12502 Rev 5 1S7]
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STM32MP153A/D

Description

Table 1. STM32MP153A/D features and peripheral counts (continued)

X X X X X X X X
X X X X X X X %
(el =] 0 m (SN &) g
< < g < g < < g
<0 o o <A ®»
M ™M (e 3] ™M M e 3] 3
22 2% 22 2% S
oo oa oQ oa 2
Features =z =z =z =2 | &
(5 3r) N ™M (52 3r) N ™M [}
== == == == a
= = == == == =
non nn non non =
TFBGA257 LFBGA354 TFBGA361 LFBGA448
Advanced |16 bits 2
General | 16 bits 8
purpose 32 bits 2
® Basic 16 bits 2 g
_g Low power | 16 bits 5 g
- 2]
A7 timers | 64 bits 2 x 4 (secure, non-secure, virtual, hypervisor) N
M4 .
SysTick 24 bits 1
RTC/AWU 1 (securable)
Watchdog 3 (independent, independent secure, window) -
SPI 6 (1 securable)
Having 12S 3
12C (with SMB/PMB support) 6 (2 securable) -
USART (smartcard, SPI, IrDA, LIN) 4 + 4 (including 1 securable USART) Boot
" + UART (IrDA, LIN) some can be a boot source
g SAl 4 (up to 8 audio channels), with 12S master/slave, PCM input, )
s SPDIF-TX
o 2 ports -
o EHCI/OHCI Host
o Embedded HS PHY with BCD -
g |UusB OTG HSIFS
' Yes, embedded FS or HS PHY with BCD, can be a boot source | Boot
E (dual role port)
g Embedded PHYs 3 (2 x high-speed + 1 x full-speed) -
©  [sPDIF-RX 4 inputs -
FDCAN 2 (1 x TTCAN), clock calibration, 10 Kbyte shared buffer -
HDMI-CEC 1 -
Including the following securable | 1 x USART, 1 x SPI, 2 x 12¢ | | X USART, 1xSPI, 2 x12C |
on securable GPIOs
SDMMC (SD, SDIO, esMMC) 3 (8 + 8 + 4 bits), eeMMC or SD can be a boot source Boot
QuadSPI Yes (dual-quad), can be a boot source Boot
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STM32MP153A/D

Table 1. STM32MP153A/D features and peripheral counts (continued)

NAND 8/16-bit

x % x X x % x X
X X X X X X X X
on mm [SN&) < <
g < g < g < <<
<0 =) a =) ®
™M M ™M M ™M M M M 3
22 e 22 °ee o
oo oa oQ oa 2
Features =3 23 23 =5 |2
M ™ M ™M M ™ M ™M [
== == == == 8
== E = = = = = =
non non non non =
TFBGA257 LFBGA354 TFBGA361 LFBGA448
Parallel address/data 8/16-bit - 4 x CS, up to 4 x 64 Mbyte No
FMC | Parallel AD-Mux 8/16-bit 4 x CS, up to 4 x 64 Mbytes boot
Yes, 1 x CS, SLC, BCH4/8, can be a boot source Boot

Gigabit Ethernet

) MIl, RMII, GMII, RGMII with

10/100M Ethernet

MIl, RMII with PTP and EEE PTP and EEE

. Up to 24-bit data, up to 90 MHz pixel clock )
LCD-TFT Parallel interface (up to 1366 x 768 60 fps or up to 1920 x 1080 30 fps)
DMA 3 instances (1 securable), 48 physical channels in total -
SHA-256, MD5, HMAC
Hash -

dual instances (secure and non-secure)

True random number generator

True-RNG, dual instances (secure and non-secure)

Fuses (one-time programmable)

3072 effective bits (secure, >1500 bits available for user)

Camera interface |Bus width 14-bit -
GPIOs with interrupt (total count) 98 148 176
Securable GPIOs - 8
Wakeup pins 4 6 )
Tamper pins (active tamper) 2(1) 3(1)

DFSDM

8 input channels with 6 filters

Up to 16-bit synchronized ADC

2 (up to 3.6/4/4.5/5/6 Msps on 16/14/12/10/8-bit each)

Low noise 16 bit (differential)

- 2(1)

16 bit (differential)

17 (7) 20 (9)

ADC channels in total®

17 22

12-bit DAC

2

Internal ADC/DAC VREF

1.5V, 1.8V, 2.048V, 2.5V or VREF+ input

VREF+ input pin

Yes

1. With inner matrix balls having 0.65 mm pitch to allow optimized PCB routing for supplies.
2. In addition, there is also 6 internal channels for temperature, internal voltage reference, Vppcore, Vear/4, DAC1 or DAC2

acquisitions.
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STM32MP153A/D Description

Figure 1. STM32MP153A/D block diagram
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3.1.1

3.1.2
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Functional overview

Dual-core Arm® Cortex®-A7 subsystem

Features

e  ARMv7-A architecture

e  32-Kbyte L1 instruction cache for each CPU
e  32-Kbyte L1 data cache for each CPU

e  256-Kbyte level2 cache

e Arm® + Thumb®-2 instruction set

e Am® TrustZone® security technology

e Arm® NEON™ Advanced SIMD

e DSP and SIMD extensions

e  VFPv4 floating-point

e  Hardware virtualization support

e Embedded trace module (ETM)

e Integrated generic interrupt controller (GIC) with 256 shared peripheral interrupts
e Integrated generic timer (CNT)

Overview

The Cortex-A7 processor is a very energy-efficient applications processor designed to
provide rich performance in high-end wearables, and other low-power embedded and
consumer applications. It provides up to 20 % more single thread performance than the
Cortex-A5 and provides similar performance than the Cortex-A9.

The Cortex-A7 incorporates all features of the high-performance Cortex-A15 and Cortex-
A17 processors, including virtualization support in hardware, NEONTM, and 128-bit AMBA®4
AXI bus interface.

The Cortex-A7 processor builds on the energy-efficient 8-stage pipeline of the Cortex-A5
processor. It also benefits from an integrated L2 cache designed for low-power, with lower
transaction latencies and improved OS support for cache maintenance. On top of this, there
is improved branch prediction and improved memory system performance, with 64-bit load-
store path, 128-bit AMBA 4 AXI buses and increased TLB size (256 entry, up from 128 entry
for Cortex-A9 and Cortex-A5), increasing performance for large workloads such as web
browsing.

Thumb-2 technology

Delivers the peak performance of traditional Arm® code while also providing up to a 30 %
reduction in memory requirement for instructions storage.

TrustZone technology

Ensures reliable implementation of security applications ranging from digital rights
management to electronic payment. Broad support from technology and industry partners.
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3

NEON

NEON technology can accelerate multimedia and signal processing algorithms such as
video encode/decode, 2D/3D graphics, gaming, audio and speech processing, image
processing, telephony, and sound synthesis. The Cortex-A7 provides an engine that offers
both the performance and functionality of the Cortex-A7 floating-point unit (FPU) and an
implementation of the NEON advanced SIMD instruction set for further acceleration of
media and signal processing functions. The NEON extends the Cortex-A7 processor FPU to
provide a quad-MAC and additional 64-bit and 128-bit register set supporting a rich set of
SIMD operations over 8-, 16- and 32-bit integer and 32-bit floating-point data quantities.

Hardware virtualization

Highly efficient hardware support for data management and arbitration, whereby multiple
software environments and their applications are able to simultaneously access the system
capabilities. This enables the realization of devices that are robust, with virtual environments
that are well isolated from each other.

Optimized L1 caches

Performance and power optimized L1 caches combine minimal access latency techniques
to maximize performance and minimize power consumption. There is also the option of
cache coherence for enhanced inter-processor communication, or support of a rich SMP
capable OS for simplified multicore software development.

Integrated L2 cache controller

Provides low-latency and high-bandwidth access to cached memory in high-frequency, or to
reduce the power consumption associated with off-chip memory access.

Cortex-A7 floating-point unit (FPU)

The FPU provides high-performance single and double precision floating-point instructions
compatible with the Arm VFPv4 architecture that is software compatible with previous
generations of Arm floating-point coprocessor.

Snoop control unit (SCU)

The SCU is responsible for managing the interconnect, arbitration, communication, cache to
cache and system memory transfers, cache coherence and other capabilities for the
processor.

This system coherence also reduces software complexity involved in maintaining software
coherence within each OS driver.

Generic interrupt controller (GIC)

Implementing the standardized and architected interrupt controller, the GIC provides a rich
and flexible approach to inter-processor communication and the routing and prioritization of
system interrupts.

Supporting up to 288 independent interrupts, under software control, each interrupt can be
distributed across A7 cores, hardware prioritized, and routed between the operating system
and TrustZone software management layer.
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3.2

Note:

22/255

This routing flexibility and the support for virtualization of interrupts into the operating
system, provides one of the key features required to enhance the capabilities of a solution
utilizing a hypervisor.

Arm® Cortex®-M4 with FPU

The Arm® Cortex®-M4 with FPU core is a 32-bit RISC processor that features exceptional
code-efficiency, delivering the high-performance expected from an Arm core in the memory
size usually associated with 8- and 16-bit devices.

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 software development by using
metalanguage development tools, while avoiding saturation.

Cortex-M4 with FPU core is binary compatible with the Cortex-M3 core.

Memory protection unit (MPU)

The memory protection unit (MPU) manages the Cortex®-M4 access rights and the
attributes of the system resources. It has to be programmed and enabled before use. Its
main purposes are to prevent an untrusted user program to accidentally corrupt data used
by the OS and/or by a privileged task, but also to protect data processes or read-protect
memory regions.

The MPU defines access rules for privileged accesses and user program accesses. It
allows the definition of up to 16 protected regions that can in turn be divided into up to 8
independent subregions, where region address, size, and attributes can be configured. The
protection area ranges from 32 bytes to 4 Gbytes of addressable memory.

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

3
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3.3

3.3.1

3.3.2

3

Memories

External SDRAM

The STM32MP153A/D devices embed a controller for external SDRAM which support the
following devices

LPDDR?2 or LPDDR3, 16- or 32-bit data, up to 1 Gbyte, up to 533 MHz clock.
DDR3 or DDR3L, 16- or 32-bit data, up to 1 Gbyte, up to 533 MHz clock.

Embedded SRAM

All devices feature:

SYSRAM in MPU domain: 256 Kbytes

SRAM1 in MCU domain: 128 Kbytes

SRAM2 in MCU domain: 128 Kbytes

SRAM3 in MCU domain: 64 Kbytes

SRAM4 in MCU domain: 64 Kbytes

RETRAM (retention RAM): 64 Kbytes

The content of this area can be retained in Standby or Vgar mode.
BKPSRAM (backup SRAM): 4 Kbytes

The content of this area is protected against possible unwanted write accesses, and
can be retained in Standby or Vgat mode.

BKPSRAM can be defined (in ETZPC) as accessible by secure software only.
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3.4 DDR3/DDR3L/LPDDR2/LPDDR3 controller (DDRCTRL)

DDRCTRL combined with DDRPHYC provides a complete memory interface solution for
DDR memory subsystem.

Two 64-bit AMBA 4 AXI4 ports interface (XPI)
AXI clock asynchronous to the controller
Supported standards:

— JEDEC DDR3 SDRAM specification, JESD79-3E for DDR3/3L with 32-bit
interface

— JEDEC LPDDR2 SDRAM specification, JESD209-2E for LPDDR2 with 32-bit
interface

— JEDEC LPDDR3 SDRAM specification, JESD209-3B for LPDDR3 with 32-bit
interface

Advanced scheduler and SDRAM command generator

Programmable full data width (32-bit) or half data width (16-bit)

Advanced QoS support with 3 traffic class on read and 2 traffic classes on write
Options to avoid starvation of lower priority traffic

Guaranteed coherency for write-after-read (WAR) and read-after-write (RAW) on AXI
ports

Programmable support for burst length options (4, 8,16)

Write combine to allow multiple writes to the same address to be combined into a
single write

Single rank configuration

Supports automatic SDRAM power-down entry and exit caused by lack of transaction
arrival for programmable time

Supports automatic clock stop (LPDDR2/3) entry and exit caused by lack of transaction
arrival

Supports automatic low power mode operation caused by lack of transaction arrival for
programmable time via hardware low power interface

Programmable paging policy

Supports automatic or under software control self-refresh entry and exit
Support for deep power-down entry and exit under software control (LPDDR2)
Support for explicit SDRAM mode register updates under software control

Flexible address mapper logic to allow application specific mapping of row, column,
bank bits

User-selectable refresh control options
DDRPERFM associated block to help for performance monitoring and tuning

DDRCTRL and DDRPHYC can be defined (in ETZPC) as accessible by secure software

only.

24/255

3

DS12502 Rev 5




STM32MP153A/D Functional overview

3.5

3

TrustZone address space controller for DDR (TZC)

TZC is used to filter read/write accesses to DDR controller according to TrustZone rights
and according to non-secure master (NSAID) on up to 9 programmable regions.

Configuration is supported by trusted software only

2 filter units working concurrently

9 regions:

— region 0 is always enabled and covers the whole address range.

— regions 1 to 8 have programmable base/end address and can be assigned to any
one or both filters.

Secure and non-secure access permissions programmed per region
Non-secure accesses are filtered according to NSAID

Regions controlled by same filter must not overlap

Fail modes with error and/or interrupt

Acceptance capability = 256

Gate keeper logic to enable and disable of each filter

Speculative accesses
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STM32MP153A/D

3.6 Boot modes
At startup, the boot source used by the internal BootROM is selected by the BOOT pin and
OTP bytes.
Table 2. Boot modes
BOOT2 | BOOT1 | BOOTO Initial boot mode Comments
Wait incoming connection on:
0 0 0 UART and USB(") — USART2/3/6 and UART4/5/7/8 on default pins
— USB high-speed device®
0 0 1 | Serial NOR Flash® | Serial NOR Flash on QUADSPI®*)
0 1 0 |eMmMC® e*MMC on SDMMC2 (default))®)
0 1 1 |NAND Flash® SLC NAND Flash on FMC
1 0 0 Reserved (NoBoot) Used to get debug access without boot from Flash memory
1 0 1 SD card® SD card on SDMMC1 (default)*)(®)
Wait incoming connection on:
1 1 0 UART and USB(M®) |- USART2/3/6 and UART4/5/7/8 on default pins
— USB high-speed device on OTG_HS_DP/DM pins(?)
1 1 1 | Serial NAND Flash(® | Serial NAND Flash on QUADSPI®)
1. can be disabled by OTP settings.
2. USB requires 24 MHz HSE clock/crystal if OTP is not programmed for different frequency.
3. Boot source can be changed by OTP settings (e.g. initial boot on SD card, then esMMC with OTP settings).
4. Default pins can be altered by OTP.
5. Alternatively, another SDMMC1 or SDMMC?2 interface than this default can be selected by OTP.
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3.7

3.71

Caution:

3

Power supply management

Power supply scheme

e  The Vppis the main supply for I/Os and internal part kept powered during Standby
mode. Useful voltage range is 1.71 Vt0o 3.6 V (e.g. 1.8 V,2.5V, 3.0V or 3.3 V typ.)

- VDD_PLL and VDD_ANA must be star-connected to VDD'
e The Vppcore is the main digital voltage and is usually shutdown during Standby mode.

Voltage range during Run mode is 1.18 V to 1.25/1.38 V (1.2/1.34 V typ.), see
Table 13: General operating conditions.

e  The VBAT pin can be connected to the external battery (1.2 V < Vgar < 3.6 V). If no
external battery is used, it is mandatory to connect this pin to Vpp.

e  The VDDA pin is the analog (ADC/DAC/VREF), supply voltage range is 1.71 V1o 3.6 V.
DAC can only be used when Vppp is above or equal 1.8 V. Using Internal Vygg+
requires Vppa equal to or higher than Vggg+ + 0.3 V.

e The VDDA1V8_REG pin is the output of internal regulator and connected internally to
USB PHY and USB PLL. Internal Vppa1vs Rec regulator is enabled by default and can
be controlled by software. It is always shut down during Standby mode.

There is specific BYPASS_REG1V8 pin that must be connected either to Vg5 or Vpp to
activate or deactivate the voltage regulator. It is mandatory to bypass the 1.8 V
regulator when Vpp is below 2.25 V (BYPASS_REG1V8 = Vpp. In that case,
VDDA1V8_REG pin must be connected to Vpp (if below 1.98 V) or to a dedicated
1.65V -1.98 V supply (1.8 V typ.).

e VDDA1V1_REG pin is the output of internal regulator connected internally to USB PHY.
Internal Vppa1v1 ReG regulator is enabled by default and can be controlled by
software. It is always shut down during Standby mode.

*  Vpp3v3 useHs and Vppays users are respectively the USB high-speed and full-speed
PHY supply. Voltage range is 3.07 V to 3.6 V. Vppaya usgrs IS used to supply
OTG_VBUS and ID pins. So, Vppays users Must be supplied as well when USB high-
speed OTG device is used. If not used, must be connected to Vpp.

Vppav3_ussHs Must not be present unless Vppa1yg Reg is present, otherwise permanent
STM32MP153A/D damage could occur. Must be ensured by PMIC ranking order or with
external component in case of discrete component power supply implementation.

° VDDQ_DDR is the DDR 10 supply.
— Voltage range is 1.425 V to 1.575 V for interfacing DDR3 memories (1.5 V typ.).
—  Voltage range is 1.283 V to 1.45 V for interfacing DDR3L memories (1.35 V typ.).
— Voltage range is 1.14 V to 1.3 V for interfacing LPDDR2 or LPDDR3 memories
(1.2 V typ.).

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

* When Vpp is below 1V, other power supplies (Vppcore: Vbpa, VDDAWS_REG,
VbpAt1v1_REG: VDD3v3_usBHs/Fs: VDbQ_DDR) Must remain below Vpp + 300 mV.

* When Vpp is above 1V, all power supplies are independent.

During the power-down phase, Vpp can temporarily become lower than other supplies only
if the energy provided to the STM32MP153A/D device remains below 1 mJ; this allows
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external decoupling capacitors to be discharged with different time constants during the
power- down transient phase.

Figure 2. Power-up/down sequence
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3.7.2 Power supply supervisor
The devices have an integrated power-on reset (POR)/ power-down reset (PDR) circuitry
coupled with a Brownout reset (BOR) circuitry:
e  Power-on reset (POR)

The POR supervisor monitors Vpp power supply and compares it to a fixed threshold.
The devices remain in reset mode when Vpp is below this threshold,

e  Power-down reset (PDR)

The PDR supervisor monitors Vpp power supply. A reset is generated when Vpp drops
below a fixed threshold.

The PDR supervisor can be enabled/disabled through PDR_ON pin.
e  Brownout reset (BOR)

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

«  Power-on reset Vppcore (POR_VDDCORE)

The POR_VDDCORE supervisor monitors Vppcorg Power supply and compares it to
a fixed threshold. The Vppcorg domain remain in reset mode when Vppcogre is below
this threshold,

e  Power-down reset Vppcore (PDR_VDDCORE)

The PDR_VDDCORE supervisor monitors Vppcorg Power supply. A Vppcore domain
reset is generated when Vppcore drops below a fixed threshold.

The PDR_VDDCORE supervisor can be enabled/disabled through PDR_ON_CORE
pin.
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3.8 Low-power strategy

There are several ways to reduce power consumption on STM32MP153A/D:

e Decrease dynamic power consumption by slowing down the CPU clocks and/or the
bus matrix clocks and/or controlling individual peripheral clocks.

e  Save power consumption when the CPU is IDLE, by selecting among the available low-
power mode according to the user application needs. This allows the best compromise
between short startup time, low-power consumption, as well as available wakeup
sources, to be achieved.

The CPUs feature several low-power modes:

CSleep (CPU clock stopped)

CStop (CPU sub-system clock stopped)

Stop (bus matrix clocks stalled, the oscillators can be stopped)

CStandby (MPU sub-system clock stopped and wakeup via reset)

Standby (system powered down)

LP-Stop and LPLV-Stop (bus matrix clocks stalled, the oscillators can be stopped, low-
power mode signaled to external regulator)

CSleep and CStop low-power modes are entered by the CPU when executing the WFI (wait
for interrupt) or WFE (Wait for Event) instructions, or when the SLEEPONEXIT bit of the
Cortex-M4 core is set after returning from an interrupt service routine.

If part of the domain is not in low-power mode, the domain remains in the current mode.
Finally the system can enter Stop or Standby when all EXTI wakeup sources are cleared
and the CPUs are in CStop or CStandby mode.

Table 3. System versus domain power mode

System power mode MPU MCU

CRun or CSleep

CRun or CSleep

Run mode CStop or CStandby
CRun or CSleep CStop
Stop mode
LP-Stop mode CStop or CStandby CStop
LPLV-Stop mode
CStandby or (CStop and CStop and
Standby mode | 1oy ppps = 1 and MPU CSTBYDIS = 1) MCU PDDS = 1
1S7] DS12502 Rev 5 20/255




Functional overview STM32MP153A/D

3.9 Reset and clock controller (RCC)

The clock and reset controller manages the generation of all the clocks, as well as the clock
gating and the control of the system and peripheral resets. It provides a high flexibility in the
choice of clock sources and allows application of clock ratios to improve the power
consumption. In addition, on some communication peripherals that are capable to work with
two different clock domains (either a bus interface clock or a kernel peripheral clock), the
system frequency can be changed without modifying the baudrate.

3.9.1 Clock management

The devices embed four internal oscillators, two oscillators with external crystal or
resonator, three internal oscillators with fast startup time and four PLLs.
The RCC receives the following clock source inputs:
e Internal oscillators:
— 64 MHz HSI clock (1% accuracy)
— 4 MHz CSl clock
— 32 kHz LSI clock
e  External oscillators:
—  8-48 MHz HSE clock
— 32.768 kHz LSE clock

The RCC provides four PLLs:

e The PLL1 is dedicated to the MPU clocking

e The PLL2 provides:
—  The clocks for the AXI-SS (including APB4, APB5, AHB5 and AHB6 bridges)
—  The clocks for the DDR interface

e The PLL3 provides:

—  The clocks for the MCU, and its bus matrix (including the APB1, APB2, APB3,
AHB1, AHB2, AHB3 and AHB4)

—  The kernel clocks for peripherals
e The PLL4 is dedicated to the generation of the kernel clocks for various peripherals

The system starts on the HSI clock. The user application can then select the clock
configuration.

3
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3.9.2 System reset sources

The power-on reset initializes all registers while the system reset reinitializes the system
except for the debug, part of the RCC and power controller status registers, as well as the
backup power domain.
An application reset is generated from one of the following sources:

— areset from NRST pad

— areset from POR and PDR signal (generally called power-on reset)

— areset from BOR (generally called brownout)

— areset from the independent watchdogs 1

— areset from the independent watchdogs 2

—  a software reset from the Cortex-M4 (MCU)

— a software reset from the Cortex-A7 (MPU)

— afailure on HSE, when the clock security system feature is activated

A system reset is generated from one of the following sources:
— An application reset,
— Areset from POR_VDDCORE signal,
—  Every time the system exits from Standby.

3.10 Hardware semaphore (HSEM)
The HW semaphore block provides 64 (32-bit) register-based semaphores.

The semaphores can be used to ensure synchronization between different processes
running on a core and between different cores. The HSEM provides a non blocking
mechanism to lock semaphores in an atomic way. The following functions are provided:

e Locking a semaphore can be done in 2 ways:

—  2-step lock: by writing CorelD and ProcessID to the semaphore, followed by a
read check.

—  1-step lock: by reading the CorelD from the semaphore.
e Interrupt generation when a semaphore is freed.

— Each semaphore may generated an interrupt on one of the interrupt lines.
e  Semaphore clear protection.

— Asemaphore is only cleared when CorelD and ProcessID matches.
e  Global semaphore clear per CorelD.

3.11 Inter-processor communication controller (IPCC)

The inter-processor communication controller (IPCC) is used for communicating data
between two processors.

The IPCC block provides a non blocking signaling mechanism to post and retrieve
communication data in an atomic way. It provides the signaling for four channels:
e two channels in the direction from processor 1 to processor 2

¢ two channels in the opposite direction.

3
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3.111

3.12

3.13
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It is then possible to have two different communication types in each direction.

The IPCC communication data must be located in a common memory, which is not part of
the IPCC block.

IPCC main features

e  Status signaling for the four channels
—  Channel occupied/free flag, also used as lock
e  Two interrupt lines per processor
—  One for RX channel occupied (communication data posted by sending processor)
—  One for TX channel free (communication data retrieved by receiving processor)
e Interrupt masking per channel
—  Channel occupied mask
—  Channel free mask
e  Two channel operation modes
—  Simplex (each channel has its own communication data memory location)

— Half duplex (a single channel in associated to a bidirectional communication data
information memory location)

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 (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 GPIOs are high-current-capable and have speed selection to better
manage internal noise, power consumption and electromagnetic emission.

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

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

Additionally, GPIO pins on port Z can be individually set as secure, which would mean that
software accesses to these GPIOs and associated peripherals defined as secure are
restricted to secure software running on Cortex-A7.

TrustZone protection controller (ETZPC)

ETZPC is used to configure TrustZone security of bus masters and slaves with
programmable-security attributes (securable resources) such as:

e On-chip SYSRAM with programmable secure region size
e AHB and APB peripherals to be made secure

Notice that by default, SYSRAM and peripheral are set to secure access only, so, not
accessible by non-secure masters such as Cortex-M4 or DMA1/DMAZ2.

ETZPC can also allocate peripherals and SRAM to be accessible only by the Cortex-M4
and/or DMA1/DMAZ2. This ensures the safe execution of the Cortex-M4 firmware, protected
from other masters (e.g. Cortex-A7) unwanted accesses.
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3.14 Bus-interconnect matrix

The devices feature an AXI bus matrix, one main AHB bus matrix and bus bridges that allow
bus masters to be interconnected with bus slaves (see Figure 3, the dots represent the
enabled master/slave connections).

3
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Figure 3. STM32MP153A/D bus matrix
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3.15

3.16

3.17

3

DMA controllers

The devices features three DMA modules to unload CPU activity:
e A master direct memory access (MDMA)

The MDMA is a high-speed DMA controller, which is in charge of all types of memory
transfers (peripheral to memory, memory to memory, memory to peripheral), without
any CPU action. It features a master AXI interface.

The MDMA is located in MPU domain. It is able to interface with the other DMA
controllers located in MCU domain to extend the standard DMA capabilities, or can
manage peripheral DMA requests directly.

Each of the 32 channels can perform block transfers, repeated block transfers and
linked list transfers.

The MDMA can be set to make secure transfers to secured memories.
e  Two DMA controllers (DMA1, DMA2), located in MCU domain. Each controller is a
dual-port AHB, for a total of 16 DMA channels to perform FIFO-based block transfers.

The DMAMUX is an extension of the DMA1 and DMA2 controllers. It multiplexes and routes
the DMA peripheral requests to the DMA1 or DMA2 controllers, with a high flexibility,
maximizing the number of DMA requests that run concurrently, as well as generating DMA
requests from peripheral output trigger or DMA event.

Nested vectored interrupt controller (NVIC)

The devices embed a nested vectored interrupt controller able to manage 16 priority levels,
and handle up to 150 maskable interrupt channels plus the 16 interrupt lines of the Cortex®-
M4 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 context 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.

Extended interrupt and event controller (EXTI)

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

The EXTI wake-up requests allow the system to be woken up from Stop mode, and the
CPUs to be woken up from CStop and CStandby modes.

The interrupt request and event request generation can also be used in Run mode.
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3.19

3.20
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The block also includes the EXTI IOport selection.

Each interrupt or event can be set as secure in order to restrict access to secure software
only.

Cyclic redundancy check calculation unit (CRC1, CRC2)

The CRC (cyclic redundancy check) calculation unit is used to get a CRC code using a
programmable polynomial.

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

Flexible memory controller (FMC)

The FMC controller main features are the following:

e Interface with static-memory mapped devices including:
— NOR Flash memory
—  Static or pseudo-static random access memory (SRAM, PSRAM)
—  NAND Flash memory with 4-bit/8-bit BCH hardware ECC

e  8-,16-bit data bus width

¢ Independent chip select control for each memory bank

e Independent configuration for each memory bank

e  Write FIFO

Dual Quad-SPlI memory interface (QUADSPI)

The QUADSPI is a specialized communication interface targeting single, dual or quad SPI
Flash memories. It can operate in any of the three following modes:

e indirect mode: all the operations are performed using the QUADSPI registers

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

e memory-mapped mode: the external Flash memory is mapped to the address space
and is seen by the system as if it was an internal memory

Both throughput and capacity can be increased two-fold using dual-flash mode, where two
Quad-SPI Flash memories are accessed simultaneously.

QUADSPI is coupled with a delay block (DLYBQS) allowing the support of external data
frequency above 100 MHz.

3
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3.21

3.22

3.23

3.24

3

Analog-to-digital converters (ADCs)

The STM32MP153A/D devices embed two analog-to-digital converters, which resolution
can be configured to 16, 14, 12, 10 or 8 bits. Each ADC shares up to 20 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 ADC1/ADC2 conversion
e interleaved ADC1/ADC2 conversion.

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

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

In order to synchronize A/D conversion and timers, the ADCs can be triggered by any of
TIM1, TIM2, TIM3, TIM4, TIM6, TIM8, TIM15, LPTIM1, LPTIM2 and LPTIM3 timers.

Temperature sensor

The STM32MP153A/D devices embed a temperature sensor that generates a voltage (V1g)
that varies linearly with the temperature. This temperature sensor is internally connected to
ADC2_INP12. It can measure the device ambient temperature ranging from —40 to +125 °C
with a precision of +2%.

The temperature sensor has a good linearity, but it has to be calibrated to obtain a good
overall accuracy of the temperature measurement. As the temperature sensor offset varies
from chip to chip due to process variation, the uncalibrated internal temperature sensor is
suitable for applications that detect temperature changes only. To improve the accuracy of
the temperature sensor measurement, each device is individually factory-calibrated by ST.
The temperature sensor factory calibration data are stored by ST in the OTP area, which is
accessible in read-only mode.

Digital temperature sensor (DTS)

The device embeds a frequency output temperature sensor. This block counts the
frequency based on the LSE or PCLK to provide the temperature information.

Following functions can be supported:
e Interrupt generation by temperature threshold.
e  Wakeup signal generation by temperature threshold.

VpaTt Operation

The Vgt power domain contains the RTC, the backup registers, the retention RAM and the
backup SRAM.
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In order to optimize battery duration, this power domain is supplied by Vpp when available
or by the voltage applied on VBAT pin (when Vpp supply is not present). Vgar power is
switched when the PDR detects that Vpp has dropped below the PDR level.

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

Vgat operation is activated when Vpp is not present.

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

None of these events: external interrupts, TAMP event, or RTC alarm/events are able to
directly restore the Vpp supply and force the STM32MP153A/D device out of the Vgar
operation. Nevertheless, TAMP events and RTC alarm/events can be used to generate a
signal to an external circuitry (typically a PMIC) that can restore the STM32MP153A/D Vpp

supply.
When PDR_ON pin is connected to Vg (internal reset OFF), the Vgat functionality is no
more available and VBAT pin must be connected to Vpp.

Digital-to-analog converters (DAC1, DAC2)

The two 12-bit buffered DAC channels can be used to convert two digital signals into two
analog voltage signal outputs.

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  Sample and hold mode to reduce the power consumption

e  Dual DAC channel independent or simultaneous conversions

e  DMA capability for each channel including DMA underrun error detection
e  External triggers for conversion

e input voltage reference Vggp. or internal VREFBUF reference.

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

3
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3.26

3.27

3

Voltage reference buffer (VREFBUF)

The STM32MP153A/D devices embed a voltage reference buffer which can be used as
voltage reference for ADC, DACs and also as voltage reference for external components
through the VREF+ pin.

The internal voltage reference buffer supports four voltages:

e 15V
e 18V
e 2048V
e 25V

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

Figure 4. Voltage reference buffer
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Digital filter for sigma delta modulators (DFSDM1)

The device embeds one DFSDM with support for 6 digital filters modules and 8 external
input serial channels (transceivers) or alternately 8 internal parallel inputs.

The DFSDM peripheral is dedicated to interface external XA modulators to
STM32MP153A/D and perform digital filtering of the received data streams. A modulators
are used to convert analog signals into digital serial streams that constitute the inputs of the
DFSDM. The DFSDM can also interface PDM (pulse density modulation) microphones and
perform the PDM to PCM conversion and filtering (hardware accelerated). The DFSDM
features optional parallel data stream inputs from internal ADC peripherals or
STM32MP153A/D memory (through DMA/CPU transfers into DFSDM).

The DFSDM transceivers support several serial interface formats (to support various ¥A
modulators). DFSDM digital filter modules perform digital processing according user-defined
filter parameters with up to 24-bit final ADC resolution.
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The DFSDM peripheral supports:
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8 multiplexed input digital serial channels:

— configurable SPI interface to connect various SD modulator(s)

—  configurable Manchester coded 1-wire interface support

— PDM (pulse density modulation) microphone input support

— maximum input clock frequency up to 20 MHz (10 MHz for Manchester coding)
—  clock output for SD modulator(s): 0...20 MHz

Alternative inputs from 8 internal digital parallel channels (up to 16-bit input resolution):
— internal sources: ADC data or memory data streams (DMA)

6 digital filter modules with adjustable digital signal processing:

—  Sinc* filter: filter order/type (1...5), oversampling ratio (1...1024)

— integrator: oversampling ratio (1...256)

Up to 24-bit output data resolution, signed output data format

Automatic data offset correction (offset stored in register by user)

Continuous or single conversion

Start-of-conversion triggered by:

—  software trigger

— internal timers

— external events

—  start-of-conversion synchronously with first digital filter module (DFSDMO)
Analog watchdog feature:

— low value and high value data threshold registers

— dedicated configurable Sinc* digital filter (order = 1...3, oversampling ratio =
1...32)

— input from final output data or from selected input digital serial channels

— continuous monitoring independently from standard conversion

Short circuit detector to detect saturated analog input values (bottom and top range):
— up to 8-bit counter to detect 1...256 consecutive Q’s or 1’s on serial data stream
— monitoring continuously each input serial channel

Break signal generation on analog watchdog event or on short circuit detector event
Extremes detector:

—  storage of minimum and maximum values of final conversion data

— refreshed by software

DMA capability to read the final conversion data

Interrupts: end of conversion, overrun, analog watchdog, short circuit, input serial
channel clock absence

“Regular” or “injected” conversions:

—  “regular” conversions can be requested at any time or even in continuous mode
without having any impact on the timing of “injected” conversions

— ‘“injected” conversions for precise timing and with high conversion priority

3
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3.28 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 achieve a data transfer rate up to 140 Mbyte/s using a 80 MHz pixel clock and
14-bit of data. 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, YC,,C, 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

3.29 LCD-TFT display controller (LTDC)

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
WXGA (1366 x 768) @60 fps or up to Full HD (1920 x 1080) @30 fps resolution with the

following features:

e Up to 90 MHz pixel clock

e 2display layers with dedicated FIFO

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

e  AXI master interface

3.30 True random number generator (RNG1, RNG2)

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

RNG1 can be defined (in ETZPC) as accessible by secure software only.

3.31 Hash processors (HASH1, HASH2)

The devices embed two processors that support the advanced algorithms usually required
to ensure authentication, data integrity and non-repudiation when exchanging messages
with a peer:

e  Universal HASH
—  SHA-1, SHA224 and SHA256 (secure HASH algorithms)
- MD5
-  HMAC

3
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The accelerator supports DMA request generation.

HASH1 can be defined (in ETZPC) as accessible by secure software only.

3.32 Boot and security and OTP control (BSEC)
The BSEC (boot and security and OTP control) is intended to control an OTP (one time
programmable) fuse box, used for embedded non-volatile storage for device configuration
and security parameters. Some part of BSEC should be configured as accessible by secure
software only.
3.33 Timers and watchdogs
The devices include two advanced-control timers, ten general-purpose timers, two basic
timers, five low-power timers, three watchdogs, a SysTick timer in Cortex-M4 and 4 system
timers in each Cortex-A7.
All timer counters can be frozen in debug mode.
Table 4 compares the features of the advanced-control, general-purpose, basic and low-
power timers.
Table 4. Timer feature comparison
Max Max
Timer . Counter | Counter | Prescaler DMA Capture/ | Comple- interface | timer
Timer . request | compare | mentary
type resolution type factor eneration | channels | output clock clock
9 P (MHz) | (MHz)"
Up, Any integer
Ai\ﬁ:fsd TT'l':\/'A;' 16-bit | down, | between 1 Yes 6 4 1045 | 209
up/down | and 65536
TIM2 Up, Any integer
TI™M 5’ 32-bit down, between 1 Yes 4 No 104.5 209
up/down | and 65536
TIM3 Up, Any integer
TIM 4‘ 16-bit down, between 1 Yes 4 No 104.5 209
up/down | and 65536
Any integer
TIM12 16-bit Up between 1 No 2 No 104.5 209
General and 65536
purpose TIMA3 Any integer
TIM14’ 16-bit Up between 1 No 1 No 104.5 209
and 65536
Any integer
TIM15 16-bit Up between 1 Yes 2 1 104.5 209
and 65536
Any integer
1.|—.|||,\\/|A11E;’ 16-bit Up between 1 Yes 1 1 104.5 209
and 65536
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Table 4. Timer feature comparison (continued)

Max Max
Timer . Counter | Counter | Prescaler DMA Capture/ | Comple- interface | timer
Timer . request | compare | mentary
type resolution | type factor eneration | channels | outout clock clock
9 P (MHz) | (MHz)"
TIM6 Any integer
Basic TIM7‘ 16-bit Up between 1 Yes 0 No 104.5 209
and 65536
LPTIM1,
LPTIM2, 1,2,4,8,
Low- . 2)
ower LPTIM3, 16-bit Up 16, 32, 64, No 1 No 104.5 209
P LPTIM4, 128
LPTIMS

1. The maximum timer clock is up to 209 MHz depending on TIMGxPRE bit in the RCC.
2. No capture channel on LPTIM.

3
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3.33.1 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
timers. If configured as 16-bit PWM generators, they have full modulation capability (0-
100%).

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

TIM1 and TIM8 support independent DMA request generation.

3.33.2 General-purpose timers (TIM2, TIM3, TIM4, TIM5, TIM12, TIM13,
TIM14, TIM15, TIM16, TIM17)

There are ten synchronizable general-purpose timers embedded in the STM32MP153A/D
devices (see Table 4 for differences).

e TIM2, TIM3, TIM4, TIM5

The devices include 4 full-featured general-purpose timers: TIM2, TIM3, TIM4 and
TIMS. TIM2 and TIM5 are based on a 32-bit auto-reload up/downcounter and a 16-bit
prescaler while TIM3 and TIM4 are based on a 16-bit auto-reload up/downcounter and
a 16-bit prescaler. All timers 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.

TIM2, TIM3, TIM4 and TIM5 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, TIM5 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 TIM12, TIM13, TIM14, TIM15, TIM16, TIM17

These timers are based on a 16-bit auto-reload upcounter and a 16-bit prescaler.
TIM13, TIM14, TIM16 and TIM17 feature one independent channel, whereas TIM12
and TIM15 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 or used as simple timebases.

3
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3.33.5

3.33.6

3.33.7
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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, LPTIM2, LPTIM3, LPTIM4, LPTIMS5)

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 wakeup the device from Stop mode.
These 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 (IWDG1, IWDG2)

The independent watchdog is based on a 12-bit downcounter and 8-bit prescaler. It is
clocked from an independent 32 kHz internal RC(LSI) 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.

IWDG1 can be defined (in ETZPC) as accessible by secure software only.

System window watchdog (WWDG1)

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 APB clock. It has an early warning interrupt capability and the counter can be frozen in
debug mode.

SysTick timer (Cortex-M4)

This timer is embedded inside Cortex-M4 core and dedicated to real-time operating
systems, but can 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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Generic timers (Cortex-A7 CNT)

Cortex-A7 generic timers embedded inside Cortex-A7 are fed by value from system timing
generation (STGEN).
The Cortex-A7 processor provides a set of four timers for each processor:

e Physical timer for use in secure and non-secure modes. The registers for the physical
timer are banked to provide secure and non-secure copies.

. Virtual timer for use in non-secure modes.
e  Physical timer for use in hypervisor mode.

Generic timers are not memory mapped peripherals, they are accessible only by specific
Cortex-A7 coprocessor instructions (cp15).

System timer generation (STGEN)

The system timing generation (STGEN) generates a time count value that provides a
consistent view of time for all Cortex-A7 generic timers.

The system timing generation has the following key features:

e  64-bit wide to avoid roll-over issues.

e  Starts from zero or a programmable value.

e Acontrol APB interface (STGENC) enables the timer to be saved and restored across
powerdown events.

e Read-only APB interface (STGENR) enables the timer value to be read by non-secure
software and debug tools.

e  The timer value incrementing can be stopped during system debug.

STGENC can be defined (in ETZPC) as accessible by secure software only.

Real-time clock (RTC)

The RTC provides an automatic wakeup to manage all low-power modes.

The real-time clock (RTC) is an independent BCD timer/counter. The RTC provides a time-
of-day clock/calendar with programmable alarm interrupts.

The RTC includes also a periodic programmable wakeup flag with interrupt capability.

Two 32-bit registers contain the seconds, minutes, hours (12- or 24-hour format), day (day
of week), date (day of month), month, and year, expressed in binary coded decimal format
(BCD). The sub-seconds value is also available in binary format.

Compensations for 28-, 29- (leap year), 30-, and 31-day months are performed
automatically. Daylight saving time compensation can also be performed.

Additional 32-bit registers contain the programmable alarm subseconds, seconds, minutes,
hours, day, and date.

A digital calibration feature is available to compensate for any deviation in crystal oscillator
accuracy.

After backup domain reset, all RTC registers are protected against possible parasitic write
accesses.
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As long as the supply voltage remains in the operating range, the RTC never stops,
regardless of the device status (Run mode, Low-power mode or under reset).
The RTC unit main features are the following:

e Calendar with subseconds, seconds, minutes, hours (12 or 24 format), day (day of
week), date (day of month), month, and year.

e Daylight saving compensation programmable by software.

e  Programmable alarm with interrupt function. The alarm can be triggered by any
combination of the calendar fields.

e Automatic wakeup unit generating a periodic flag that triggers an automatic wakeup
interrupt.

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

e Accurate synchronization with an external clock using the subsecond shift feature.

e Digital calibration circuit (periodic counter correction): 0.95 ppm accuracy, obtained in a
calibration window of several seconds

e  Timestamp function for event saving
e  Maskable interrupts/events:

— AlarmA

— Alarm B

—  Wakeup interrupt

—  Timestamp
e  TrustZone support:

—  RTC fully securable

— Alarm A, alarm B, wakeup timer and timestamp individual secure or non-secure
configuration

Tamper and backup registers (TAMP)

32 x 32-bit backup registers are retained in all low-power modes and also in VBAT mode.
They can be used to store sensitive data as their content is protected by an tamper
detection circuit. 3 tamper pins and 5 internal tampers are available for anti-tamper
detection. The external tamper pins can be configured for edge detection, edge and level,
level detection with filtering, or active tamper which increases the security level by auto
checking that the tamper pins are not externally opened or shorted.
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TAMP main features

32 backup registers:

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

3 external tamper detection events.
— Each external event can be configured to be active or passive.
—  External passive tampers with configurable filter and internal pull-up.
5 internal tamper events.
Any tamper detection can generate a RTC timestamp event.
Any tamper detection erases the backup registers.
TrustZone support:
—  Tamper secure or non-secure configuration.
—  Backup registers configuration in 3 configurable-size areas:
1 read/write secure area.
1 write secure/read non-secure area.
1 read/write non-secure area.
Monotonic counter.

3
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3.37 Inter-integrated circuit interface (12C1, 12C2, 12C3, 12C4, 12C5,
12C6)

The STM32MP153A/D embeds six I2C interfaces.

The I2C bus interface handles communications between the STM32MP153A/D and the
serial 12C bus. It controls all 1°C bus-specific sequencing, protocol, arbitration and timing.
The 12C peripheral supports:
e  |2C-bus specification and user manual rev. 5 compatibility:
—  Slave and master modes, multimaster capability
—  Standard-mode (Sm), with a bitrate up to 100 kbit/s
—  Fast-mode (Fm), with a bitrate up to 400 kbit/s
—  Fast-mode Plus (Fm+), with a bitrate up to 1 Mbit/s and 20 mA output drive I/Os
—  7-bit and 10-bit addressing mode, multiple 7-bit slave addresses
—  Programmable setup and hold times
—  Optional clock stretching
e  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
e Power system management protocol (PMBus™) specification rev 1.1 compatibility

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

e  Wakeup from Stop mode on address match
e Programmable analog and digital noise filters
e  1-byte buffer with DMA capability

12C4 and 12C6 can be defined (in ETZPC) as accessible by secure software only.

3.38 Universal synchronous asynchronous receiver transmitter
(USART1, USART2, USART3, USART6 and UART4, UARTS,
UART7, UARTS)

The STM32MP153A/D devices have four embedded universal synchronous receiver
transmitters (USART1, USART2, USART3 and USARTG6) and four universal asynchronous
receiver transmitters (UART4, UART5, UART7 and UARTS8). Refer to Table 5 for a summary
of USARTx and UARTX features.

These interfaces provide asynchronous communication, IrDA SIR ENDEC support,
multiprocessor communication mode, single-wire half-duplex communication mode and
have LIN master/slave capability. They provide hardware management of the CTS and RTS
signals, and RS485 Driver Enable. They are able to communicate at speeds of up to

10 Mbit/s.

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

3

DS12502 Rev 5 49/255




Functional overview STM32MP153A/D

3.39

50/255

All USART have a clock domain independent from the CPU clock, allowing the USARTXx to
wake up the STM32MP153A/D from Stop mode using baudrates up to 200 Kbaud.The wake
up events from Stop mode are programmable and can be:

e  Start bit detection
e  Anyreceived data frame
e A specific programmed data frame

All USART interfaces can be served by the DMA controller.

Table 5. USART features
USART modes/features(" USART1/2/3/6 UART4/5/7/8

x
>

Hardware flow control for modem

Continuous communication using DMA

Multiprocessor communication

Synchronous mode (master/slave)

Smartcard mode

Single-wire half-duplex communication
IrDA SIR ENDEC block
LIN mode

Dual clock domain and wakeup from low power mode

Receiver timeout interrupt

Modbus communication

Auto baud rate detection

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

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

Driver Enable

USART data length 7, 8 and 9 bits

1. X = supported.

USART1 can be defined (in ETZPC) as accessible by secure software only.

Serial peripheral interface (SPI1, SPI2, SPI3, SPI4, SPI5,
SPI6)- inter- integrated sound interfaces (1251, 12S2, 12S3)

The devices feature up to six SPIs (SPI2S1, SPI2S2, SPI2S3, SPI4, SPI5 and SPI6) that
allow communication at up to 50 Mbit/s in master and slave modes, in half-duplex, full-
duplex and simplex modes. The 3-bit prescaler gives 8 master mode frequencies and the
frame is configurable from 4 to 16 bits. All SPI interfaces support NSS pulse mode, Tl mode,
hardware CRC calculation and 8x 8-bit embedded Rx and Tx FIFOs with DMA capability.

Three standard 1°S interfaces (1251, 12S2, 12S3, multiplexed with SPI1, SPI2 and SPI3) are
available. They can be operated in master or slave mode, in full-duplex and half-duplex
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
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frequency. All 12S interfaces support 16x 8-bit embedded Rx and Tx FIFOs with DMA
capability.

SPI6 can be defined (in ETZPC) as accessible by secure software only.

Serial audio interfaces (SAI1, SAI2, SAI3, SAl4)

The devices embed 4 SAls that allow the design of many stereo or mono audio protocols
such as 12S, LSB or MSB-justified, PCM/DSP, TDM or AC’97. An SPDIF output is available
when the audio block is configured as a transmitter. To bring this level of flexibility and
reconfigurability, the SAl contains two independent audio sub-blocks. Each block has it own
clock generator and I/O line controller.

Audio sampling frequencies up to 192 kHz are supported.

In addition, up to 8 microphones can be supported thanks to an embedded PDM interface.
The SAIl can work in master or slave configuration. The audio sub-blocks can be either
receiver or transmitter and can work synchronously or asynchronously (with respect to the
other one). The SAIl can be connected with other SAls to work synchronously.

SPDIF 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 SPDIFRX features are the following:

e Up to 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 is available, the SPDIFRX re-samples 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 is used to compute the exact sample rate for clock drift algorithms.
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Management data input/output (MDIOS)

The devices embed a MDIO slave interface. It includes the following features:

e 32 MDIO register addresses, each of which is managed using separate input and
output data registers:

— 32 x 16-bit firmware read/write, MDIO read-only output data registers
— 32 x 16-bit firmware read-only, MDIO write-only input data registers
e  Configurable slave (port) address
e Independently maskable interrupts/events:
—  MDIO register write
—  MDIO register read
—  MDIO protocol error
e Able to operate in and wake up from Stop mode

Secure digital input/output MultiMediaCard interface
(SDMMC1, SDMMC2, SDMMC3)

Three secure digital input/output MultiMediaCard interfaces (SDMMC) provide an interface
between the AHB bus and SD memory cards, SDIO cards and MMC devices.
The SDMMC features include the following:
e  Full compliance with MultiMediaCard System Specification Version 4.51.
Card support for three different databus modes: 1-bit (default), 4-bit and 8-bit.
e  Full compatibility with previous versions of MultiMediaCards (backward compatibility).
e  Full compliance with SD memory card specifications version 4.1.
(SDR104 SDMMC_CK speed limited to maximum allowed 1/O speed, SPI mode and
UHS-II mode not supported).

e  Full compliance with SDIO card specification version 4.0.
Card support for two different databus modes: 1-bit (default) and 4-bit.
(SDR104 SDMMC_CK speed limited to maximum allowed 1/O speed, SPI mode and
UHS-II mode not supported).

e Data transfer up to 208 Mbyte/s for the 8-bit mode.
(depending maximum allowed 1/O speed).

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

e The SDMMC host interface embeds a dedicated DMA controller allowing high-speed
transfers between the interface and the SRAM.

e |IDMAlinked list support

Each SDMMC is coupled with a delay block (DLYBSD) allowing support of an external data
frequency above 100 MHz.

Controller area network (FDCAN1, FDCAN2)

The controller area network (CAN) subsystem consists of two CAN modules, a shared
message RAM memory and a clock calibration unit.
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Both CAN modules (FDCAN1 and FDCANZ2) are compliant with ISO 11898-1 (CAN protocol
specification version 2.0 part A, B) and CAN FD protocol specification version 1.0.

FDCAN1 supports time triggered CAN (TTCAN) specified in ISO 11898-4, including event
synchronized time-triggered communication, global system time, and clock drift
compensation. The FDCAN1 contains additional registers, specific to the time triggered
feature. The CAN FD option can be used together with event-triggered and time-triggered
CAN communication.

A 10 Kbyte message RAM memory implements filters, receive FIFOs, receive buffers,
transmit event FIFOs, transmit buffers (and triggers for TTCAN). This message RAM is
shared between the two FDCAN1 and FDCAN2 modules.

The common clock calibration unit is optional. It can be used to generate a calibrated clock
for both FDCAN1 and FDCAN2 from the HSI internal RC oscillator and the PLL, by
evaluating CAN messages received by the FDCAN1.

Universal serial bus high-speed host (USBH)

The devices embed one USB high-speed host (up to 480 Mbit/s) with two physical ports.
USBH supports both low, full-speed (OHCI) as well as high-speed (EHCI) operations
independently on each port. It integrates two transceivers which can be used for either low-
speed (1.2 Mbit/s), full-speed (12 Mbit/s) or high-speed operation (480 Mbit/s), the second
high-speed transceiver is shared with OTG high-speed.

The USB HS is compliant with the USB 2.0 specification. The USB HS controllers require
dedicated clocks that are generated by a PLL inside the USB high-speed PHY.

USB on-the-go high-speed (OTG)

The devices embed one USB OTG high-speed (up to 480 Mbit/s) device/host/OTG
peripheral. OTG supports both full-speed and high-speed operations. It integrates the
transceivers for full-speed operation (12 Mbit/s) and high-speed operation (480 Mbit/s)
shared with USB Host second port.

The USB OTG HS 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 controllers require a dedicated 48 MHz clock that is generated by a PLL
inside RCC or inside the USB high-speed PHY.
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The main features are:

e Combined Rx and Tx FIFO size of 4 Kbyte with dynamic FIFO sizing
e  Supports the session request protocol (SRP) and host negotiation protocol (HNP)
e 8 bidirectional endpoints

e 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  Battery charging specification revision 1.2 support

e Internal FS or HS OTG PHY support

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

Gigabit Ethernet MAC interface (ETH1)

The devices provide an IEEE-802.3-2002-compliant gigabit media access controller
(GMAC) for Ethernet LAN communications through an industry-standard medium-
independent interface (MIl), a reduced medium-independent interface (RMIl), a gigabit
medium-independent interface (GMII) or a reduced gigabit medium-independent interface
(RGMII).

The STM32MP153A/D 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 port
using 17 signals for Mll, 7 signals for RMII, 26 signals for GMII or 13 signals for RGMII, and
can be clocked using the 25 MHz (MIl, RMII, GMII, RGMII) or 125 MHz (GMII, RGMII) from
the STM32MP153A/D or from the PHY.
The devices include the following features:
e  Operation modes and PHY interfaces

— 10, 100, and 1000 Mbps data transfer rates

—  Support of both full-duplex and half-duplex operations

—  MiIl, RMII, GMII and RGMII PHY interfaces
e  Multiple queues support and audio video bridging (AVB) management

—  Separate channels or queues for AV data transfer in 100 and 1000 Mbps modes

—  Two queues on the Rx paths and two queues on the Tx path for AV traffic

—  One DMA for Rx path and two DMA for Tx path (one per transmit channels)

—  Several arbitration algorithms between queues: weighted round robin (WRR),
strict priority (SP), weighted strict priority (WSP), IEEE 802.1-Qav specified credit-
based shaper (CBS) algorithm for Transmit channels

e  Processing control

—  Multi-layer Packet filtering: MAC filtering on source (SA) and destination (DA)
address with perfect and hash filter, VLAN tag-based filtering with perfect and
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hash filter, Layer 3 filtering on IP source (SA) or destination (DA) address, Layer 4
filtering on source (SP) or destination (DP) port

—  Double VLAN processing: insertion of up to two VLAN tags in transmit path, tag
filtering in receive path

— |EEE 1588-2008/PTPv2 support

—  Supports network statistics with RMON/MIB counters (RFC2819/RFC2665)
e Hardware offload processing

—  Preamble and start-of-frame data (SFD) insertion or deletion

— Integrity Checksum offload engine for IP header and TCP/UDP/ICMP payload:
transmit checksum calculation and insertion, receive checksum calculation and
comparison

— Automatic ARP request response with the device's MAC address

—  TCP Segmentation: Automatic split of large transmit TCP packet into multiple
small packets

e Low-power mode
—  Energy efficient Ethernet (Standard IEEE 802.3az-2010)
— Remote wakeup packet and AMD Magic Packet™ detection

High-definition multimedia interface (HDMI) — Consumer
electronics control (CEC)

The device embeds 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 STM32MP153A/D from Stop mode on data reception.

Debug infrastructure

The devices offer a comprehensive set of debug and trace features to support software
development and system integration.

e Breakpoint debugging

e  Code execution tracing

e  Software instrumentation

e JTAG debug port

e  Serial-wire debug port

e  Trigger input and output

e  Serial-wire trace port

e Trace port

e AmM® CoreSight™ debug and trace components

The debug can be controlled via a JTAG/serial-wire debug access port, using industry
standard debugging tools.

A trace port allows data to be captured for logging and analysis.
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4 Pinouts, pin description and alternate functions

Figure 5. STM32MP153A/DADxx TFBGA257 pinout
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The above figure shows the package top view.
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Figure 6. STM32MP153A/DABxx LFBGA354 pinout
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MSv47442V2

The above figure shows the package top view.
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Figure 7. STM32MP153A/DACxx TFBGA361 pinout
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The above figure shows the package top view.
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Figure 8. STM32MP153A/DAAxx LFBGA448 pinout
1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22
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MSv47444V2

The above figure shows the package top view.
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Table 6. Legend/abbreviations used in the pinout table

Name Abbreviation Definition
Pin name Unless otherwise specified, the pin function during and after reset is the same as the actual pin
name
S Supply pin
| Input only pin
0] Output only pin
Pin type I/0 Input / output pin
A Analog or special level pin
Do not use. Used for test purpose during production. Ball should be
DNU individually left open and not connected to any other ball, not even to another
DNU ball.
FT(U/D/PD) 5V tolerant I/0 (with fixed pull-up / pull-down / programmable pull-down)
TT 3.6 V tolerant 1/O directly connected to DAC
DDR 1.5V, 1.35V or 1.2 V I/O for DDR3, DDR3L, LPDDR2/LPDDRS3 interface
A Analog signal
RST Reset pin with weak pull-up resistor
Option for TT or FT 1/Os
I/O structure _f(1) I2C FM+ option
_a(z) Analog option (supplied by VDDA for the analog part of the I/O)
_u(3) USB option (supplied by VDD3V3_USBxx for the USB part of the 1/0)
_h® High-speed output for 1.8V typ. VDD (for SPI, SDMMC, QUADSPI, TRACE)
vh(® Very-high-speed option for 1.8V typ. VDD (for ETH, SPI, SDMMC, QUADSPI,

TRACE)

Notes

Unless otherwise specified by a note, all I/Os are set as floating inputs during and after reset

Alternate
functions

Functions selected through GPIOx_AFR registers

Additional
functions

Functions directly selected/enabled through peripheral registers

o > 0N =

60/255

The related I/O structures in Table 7 are: FT_f, FT_favh, FT_fh, FT_fha, FT_uf

The related I/O structures in Table 7 are: FT_a, TT_a, FT_avh, FT_favh, FT_fha, FT_ha, TT_ha
The related I/O structures in Table 7 are: FT_u, FT_uf

The related I/O structures in Table 7 are: FT_h, FT_fh, FT_fha, FT_ha, TT_ha

The related I/O structures in Table 7 are: FT_vh, FT_avh, FT_favh
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STM32MP153A/D Pinouts, pin description and alternate functions
Table 7. STM32MP153A/D pin and ball definitions
Pin Number o Pin functions
51 3 b < Pin name ‘é *3 @
funct ft = 2 1
s | & - - (function after £ s |2 Alternate functions Additional
oo | @ o reset) o functions
T8 L T8 L. Q
= - = ~ -
I2C2_SDA, SPI5_NSS,
) ) A2 | A2 PHS Vo | FTf ) - SAl4_SD_B, EVENTOUT )
TIM5_CH1, 12C4_SMBA,
C2 B1 PH10 I/0 FT - (I2C1_SMBA,DCMI_D1,LCD_R4, -
EVENTOUT
HDP2, TIM5_CH3, 12C4_SDA,
- - B2 F5 PH12 I/O FT_f | - | 12C1_SDA, DCMI_D3, LCD_RS, -
EVENTOUT
TIM8_CH1N, UART4_TX,
- - D1 D3 PH13 I/0 FT - FDCAN1_TX, LCD_G2, -
EVENTOUT
1E2 | K6 | 1F3 | M9 VDD S - - - -
A1 | A1 A1l A1l VSS - - - -
TIM8_CH2N, UART4_RX,
- - C3 Cc2 PH14 1/0 FT - FDCAN1_RX, DCMI_D4, -
LCD_G3, EVENTOUT
TIM8_CH3N, DCMI_D11,
- - B1 C1 PH15 I/0 FT - LCD_G4, EVENTOUT -
TRACED14, TIM1_CH3N,
- - - H6 PJ8 /O | FT_h | - TIM8_CH1, UART8_TX, -
LCD_G1, EVENTOUT
TRACECLK, LCD_CLK,
- - - D2 PI14 /O | FT_h | - EVENTOUT -
- - - F3 PI15 I/0 FT - | LCD_G2, LCD_RO, EVENTOUT -
TIM5_CH4, SPI2_NSS/I2S2_WS,
- - C1 D1 P10 I/0 FT - DCMI_D13, LCD_GS5, -
EVENTOUT
TIM8_BKIN2,
- - E3 | E2 PI1 /O | FT_h | - | SPI2_SCK/I2S2_CK, DCMI_D8, -
LCD_G6, EVENTOUT
TIM8_CH4,
- - E2 | E1 PI2 /0 | FT_h | - |SPI2_MISO/I2S2_SDI,DCMI_D9, -
LCD_G7, EVENTOUT
1B3 | E7 | 1A2 H9 VDDCORE S - - - -
TIM8_ETR,
- - E1 E3 PI3 /O | FT_h | - SPI2_MOSI/I2S2_SDO, -
DCMI_D10, EVENTOUT
TIM8_BKIN, SAI2_MCLK_A,
) ) E4 J6 Pi4 Vo FT |- DCMI_D5, LCD_B4, EVENTOUT )
TIM8_CH1, SAI2_SCK_A,
- - F3 F2 P15 I/O FT - DCMI_VSYNC, LCD_BS5, -
EVENTOUT
TIM8_CH2, SAI2_SD_A,
) ) F4 G5 PI6 Vo FT |- DCMI_D6, LCD_B6, EVENTOUT )
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Table 7. STM32MP153A/D pin and ball definitions (continued)

Pin Number ° Pin functions
51 S S 2 Pin name § 75, @
N ™ (3] < - agn
function aft = 2 |8
g g g g (function after = £ |2 Alternate functions Add|t|.onal
m | o o ) reset) & functions
L. |18 [T [T Q
= - = - =
TIM8_CH3, SAI2_FS_A,
) ) F2 F1 PI7 Vo FT |- DCMI_D7, LCD_B7, EVENTOUT )
- |A19| A23 | A19 VSS S - - - -
12C6_SDA, 12C2_SDA,
I2C5_SDA,
- - | G H5 PZ1 /O | FT_fh | - SPI1_MISO/I281_SDI, -
I2C4_SDA, USART1_RX,
SPI6_MISO, EVENTOUT
12C6_SDA, 12C2_SDA,
[2C5_SDA, SPI1_NSS/I12581_WS,
- - | G4 | F4 PZ3 /O | FT_f | - [2C4_SDA, -
USART1_CTS/USART1_NSS,
SPI6_NSS, EVENTOUT
HDP1, UART4_RX,
- - H4 | J5 PI9 /O | FT |-| FDCAN1_RX,LCD_VSYNC, -
EVENTOUT
12C6_SCL, 12C2_SCL,
SPI1_SCK/I2S1_CK,
) ) G3 | @2 PZ0 VO | FT_fh | - USART1_CK, SPI6_SCK, )
EVENTOUT
12C6_SCL, 12C2_SCL,
I2C5_SMBA,
- - J4 K5 Pz2 /O | FT_fh | - SPI1_MOSI/I281_SDO, -
[2C4_SMBA, USART1_TX,
SPI6_MOSI, EVENTOUT
12C6_SCL, 12C2_SCL,
- - | G2 | 61 Pz4 /O | FT_f | - I2C5_SCL, 12C4_SCL, -
EVENTOUT
G1 | B2 - A22 VSS S - - - -
LPTIM1_IN1, SPI6_MISO,
SAl4_CK2,
USART6_RTS/USART6_DE,
D1 | F1 | K4 | J4 PG12 /O | FT_h | - SPDIFRX_IN2, LCD_BA4, -
SAl4_SCK_A,ETH1_PHY_INTN,
FMC_NE4, LCD_B1, EVENTOUT
12C6_SDA, 12C2_SDA,
[2C5_SDA, 12C4_SDA,
o R L PZ5 VO | FT_f | -1 USART1 RTS/USART1 DE, -
EVENTOUT
- | E9 - - VDDCORE | S - - - -
12C6_SCL, 12C2_SCL,
USART1_CK, 12S81_MCK,
) ) H1 G3 Pz6 Vo | FT.1 ) - I2C4_SMBA, USART1_RX, )
EVENTOUT
[2C6_SDA, 12C2_SDA,
) ) J3 H3 pz7 Vo | FT_T |- USART1_TX, EVENTOUT )
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Table 7. STM32MP153A/D pin and ball definitions (continued)

Pin Number ° Pin functions
S
513 S Q Pin name § -g ?
fi t ft - 2 =
g g g g (function after c |2 Alternate functions Add|t|.onal
m | o o ) reset) & functions
L. L. [T L. Q
| 3 = i =
TRACEDO, HDPO, LCD_HSYNC,
- - - H2 P12 110 FT h | - EVENTOUT -
- B | c7 | B2 VSS S - - - -
TRACED1, HDP1, LCD_VSYNC,
- - - H1 PI13 110 FT h | - EVENTOUT -
- - 1A4 H11 VDDCORE S - - - -
TIMA_CH2N, TIM8_CH?2,
A PJ10 o | FT h | - SPI5_MOSI, LCD_G3, -
EVENTOUT
TIMA_CH2, TIM8_CH2N,
- - - K6 PJ11 110 FT_h | - SPI5_MISO, LCD_G4, -
EVENTOUT
TRACEDS, LCD_R7, LCD_R{,
e - 2 PJO o | FT_n | - SVENTOUT ;
- - - L6 PJ1 /10 FT_h | - [TRACEDY, LCD_R2, EVENTOUT -
TRACED10, LCD_RS,
- - - K4 PJ2 110 FT_h | - EVENTOUT -
T . - VDD s - |- - -
TRACED11, LCD_R4,
- - - J1 PJ3 110 FT h | - EVENTOUT -
N1 | C3 - B19 VSS S - - - -
TRACED12, LCD_RS,
- - - K2 PJ4 110 FT h | - EVENTOUT -
1D3 | EN1 - - VDDCORE S - - - -
TRACED2, HDP2, LCD_RS,
- - - K1 PJ5 110 FT_h | - EVENTOUT -
TRACED3, HDP3, TIM8 CH2,
) . ) LS PJ6 VO | FT_h | - LCD_R7, EVENTOUT )
TRACED13, TIM8 CH2N,
) . ) L4 PJ7 VO | FT_h | - LCD_GO, EVENTOUT )
- C17 | C12 C3 VSS S - - - -
TIM16_CH1N, SAI1_D1,
DFSDM1_CKIN4,
DFSDM1_DATIN1,
1B1 | E3 D2 L3 PD6 /O | FT_ha | - SPI3_MOSI/I2S3_SDO, -
SAI1_SD_A, USART2 RX,
FMC_NWAIT, DCMI_D10,
LCD_B2, EVENTOUT
- E13 - H13 VDDCORE S - - - -
TRACED15, TIM1_CH3,
- - - L2 PJ9 110 FT_h | - TIM8_CH1N, UART8_RX, -
LCD_G2, EVENTOUT
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Table 7. STM32MP153A/D pin and ball definitions (continued)

Pin Number

Pin functions

o
51 S b 2 Pin name § 75, @
function after| & 3 |2
g g g g (unc;;::t)a er £ - z° Alternate functions ?3:;::2:2'
@/ 2200 “ 1 0
- - = | =
- | J5 - M6 VDD_PLL S - - -
- | Ja - M5 VSS_PLL - - - -
TIM4_CH3, SAI3_MCLK_B,
1E1| F3 | L3 | M3 PD14 /O | FT.a | - UART8_CTS, -
FMC_ADO/FMC_DO, EVENTOUT
TIM4_CH4, SAI3_MCLK_A,
UART8_CTS,
1C2| G1 | J2 L1 PD15 /O | FT.a | - FMC_AD1/FMC_D1, LCD_RH, -
EVENTOUT
DFSDM1_CKIN3, SAI3_SCK_B,
USART3_TX, SPDIFRX_IN2,
Bl | F2 | K3 | M1 PD8 VO | FT_a | - FMC_AD13/FMC_D13,LCD_B?7, )
EVENTOUT
DFSDM1_DATIN3, SAI3_SD_B,
USART3_RX,
1C1| G3 | K1 | M2 PD9 /0 | FT.a | - FMC_AD14/FMC_D14, -
DCMI_HSYNC, LCD_BO,
EVENTOUT
- - - N8 VDD S - - - -
W1 | D1 | Cc21| c8 VSS S - - - -
- - | 1M6 - VDDCORE | S - - - -
1D1| H3 | 1F1 | M4 VBAT S - - - -
- | D4 | - c11 VSS S - - - -
RTC_OUT2/
RTC_LSCO,
- - L4 | N1 PI8 w | fT | EVENTOUT TAMP_IN2/
TAMP_OUTS3,
WKUP4
RTC_OUT1/
RTC_TS/
RTC_LSCO,
G3 | K3 | K2 | N2 PC13 v | FT | EVENTOUT TAMP_IN1/
TAMP_OUT2/
TAMP_OUTS3,
WKUP3
F3 | D5 | D4 | C19 VSS S - - - -
F2 | H2 | L1 P2 PC15- 1/O FT | EVENTOUT 0SC32_0OuT
0SC32_0uT —
- | Fa - H15 | VDDCORE | S - - - -
1C4 | F6 | 1B1 - VDDCORE | S - - - -
G2 | H1| L2 | P1 poing o | FT |® EVENTOUT 0SC32_IN
0SC32_IN -
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Table 7. STM32MP153A/D pin and ball definitions (continued)

Pin Number o Pin functions

§ § § § unc;els :t)a er £ |2 Alternate functions ?3:;22:2'
FEAREE S
E2 | N1 M3 R2 NRST /O | RST | - - -
J3 | J2 M4 R1 | NRST_CORE | RST | - - -
H3 | K1 N1 N3 BOOTO | FTPD | - - -
K3 | K4 | N4 N4 BOOT1 | FTPD | - - -
H1 | L2 | M2 P4 BOOT2 | FTPD | - - -
H2 | M1 P1 T1 | PHO-OSC_IN | I/O FT - EVENTOUT OSC_IN

| -] - | 48 | voocore | s - |- ] -

J2 | M2 | P2 T2 OSFS-_ISUT 1’0 FT - EVENTOUT OSC_OuT

- D8 - C20 VSS S - - - -
M2 | L1 R2 V1 PWR_ON 0] FT - - PWR_ONLP
K1 | P1 N3 U1 PWR_LP O FT - - -
K2 | N1 T3 u2 P%FE;SEN— | FT - - -

L3 | N2 | R3 V2 PDR_ON | FT - - -

- L3 | 1G2 | N5 VDD_ANA - - - -

- L4 | 1G1 P5 VSS_ANA S - - - -

L2 | P2 N2 W3 PA13 /O | FT_a | - DS;E?‘?_,T[))(,BE\Q/CE;:\‘I'lMOCUOT’I ’ BOOTFAILN
L1 | R1 T2 R3 PA14 /O | FT_a | - DBTRGg\’/gﬁ:::gS_lll MCOo2, -

- - P4 T3 P11 I/0 FT - Mcof, lé\S/Eﬁl_T_lglL’J_ll__CD—GS' WKUP5

HDPO,
USART3_CTS/USART3_NSS,
ST | owe PI10 w | FT |- ETH1_GMII_RX_ER/ -
ETH1_MIl_RX_ER,
LCD_HSYNC, EVENTOUT

- L7 | 1G4 - VDD S - - - -
W5 | E2 | F21 - VSS S - - - -

- F8 - - VDDCORE S - - - -
1F1 | M4 | 1H1 R5 VDDA S - - - -
1F2 | - - - VDDA S - - - -
M3 | N3 | R4 P6 VREF+ S - - - -
1G1| N4 | 1H2 R6 VSSA S - - - -

- P5 - T6 VSSA S - - - -
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Table 7. STM32MP153A/D pin and ball definitions (continued)

Pin Number

TFBGA257

LFBGA354
TFBGA361

LFBGA448

Pin name
(function after
reset)

Pin type

1/0 structure

Notes

Pin functions

Alternate functions

Additional
functions

Py
(3]

Cc
»

VSSA

(@]

<
w

VREF-

W2

PH7

110

FT_fh

12C3_SCL, SPI5_MISO,
ETH1_GMII_RXD3/
ETH1_MIl_RXD3/
ETH1_RGMII_RXD3,
MDIOS_MDC, DCMI_D9,
EVENTOUT

V3

PF3

I/0

FT_vh

ETH1_GMI_TX_ER, FMC_A3,
EVENTOUT

P3

T3 | W2

u3

PC3

110

FT_ha

TRACECLK, DFSDM1_DATINT,
SPI2_MOSI/12S2_SDO,
ETH1_GMII_TX_CLK/

ETH1_MII_TX_CLK, EVENTOUT

ADC1_INP13,
ADC1_INN12

U4

PG3

110

FT_vh

TRACEDS, TIM8_BKINZ2,
DFSDM1_CKIN1,
ETH1_GMII_TXD7, FMC_A13,
EVENTOUT

P1

T1 Y1

Y2

PE2

110

FT _favh

TRACECLK, SAI1_CK1,
12C4_SCL, SPI4_SCK,
SAI1_MCLK_A,
QUADSPI_BK1_102,
ETH1_GMII_TXD3/
ETH1_MII_TXD3/
ETH1_RGMII_TXD3, FMC_A23,
EVENTOUT

N10

VDD

E4 | H3

D4

VSS

N2

P3 | U2

T4

PA3

110

FT a

TIM2_CH4, TIM5_CH4,
LPTIM5_OUT, TIM15_CH2,
USART2_RX, LCD_B2,
ETH1_GMII_COL/
ETH1_MII_COL, LCD_B5,
EVENTOUT

ADC1_INP15,
PVD_IN

P2

T2 | Y2

Y1

PC2

110

FT avh

DFSDM1_CKINT,
SPI2_MISO/I2S2_SDI,
DFSDM1_CKOUT,
ETH1_GMII_TXD2/
ETH1_MII_TXD2/
ETH1_RGMII_TXD2,
DCMI_PIXCLK, EVENTOUT

ADC1_INP12,
ADC1_INN11

w4

PG2

110

FT_vh

TRACED2, MCO2, TIM8_BKIN,
ETH1_GMIl_TXD6, FMC_A12,
EVENTOUT
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Table 7. STM32MP153A/D pin and ball definitions (continued)

Pin Number

TFBGA257

LFBGA354

TFBGA361

LFBGA448

Pin name
(function after
reset)

Pin type

1/0 structure

Notes

Pin functions

Alternate functions

Additional
functions

R2

U1

PG14

110

FT vh

TRACED1, LPTIM1_ETR,
SPI6_MOSI, SAl4_DA,
USART6_TX,
QUADSPI_BK2_103,
SAl4_SD_A, ETH1_GMII_TXD1/
ETH1_MII_TXD1/
ETH1_RGMII_TXD1/
ETH1_RMII_TXD1, FMC_A25,
LCD_BO, EVENTOUT

W1

Y4

PG1

110

FT_vh

TRACED1, ETH1_GMII_TXDS5,
FMC_A11, EVENTOUT

R3

u2

PG13

I/0

FT vh

TRACEDO, LPTIM1_OUT,
SAI1_CK2, SAl4_CK1,
SPI6_SCK, SAI1_SCK_A,
USART6_CTS/USART6_NSS,
SAl4_MCLK_A,
ETH1_GMII_TXDO/
ETH1_MII_TXDO/
ETH1_RGMII_TXDO/
ETH1_RMII_TXDO, FMC_A24,
LCD_RO, EVENTOUT

u3

R4

ANAO

ADC1_INPO,
ADC1_INN1,
ADC2_INPO,
ADC2_INN1

N3

R3

AB3

PAO

110

FT ha

TIM2_CH1/TIM2_ETR,
TIM5_CH1, TIM8_ETR,
TIM15_BKIN,
USART2_CTS/USART2_NSS,
UART4_TX, SDMMC2_CMD,
SAI2_SD_B, ETH1_GMIl_CRS/
ETH1_MII_CRS, EVENTOUT

ADC1_INP16,
WKUP1

ES

ES

VSS

u4

T5

ANA1

ADC1_INP1,
ADC2_INP1

T1

U4

V4

PA1

110

FT_ha

ETH_CLK, TIM2_CH2,
TIM5_CH2, LPTIM3_OUT,
TIM15_CHAN,
USART2_RTS/USART2_DE,
UART4_RX,
QUADSPI_BK1_103,
SAI2_MCLK_B,
ETH1_GMIl_RX_CLK/
ETH1_MII_RX_CLK/
ETH1_RGMII_RX_CLK/

ETH1_RMII_REF_CLK,LCD_R2,

EVENTOUT

ADC1_INP17,
ADC1_INN16

3
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Table 7. STM32MP153A/D pin and ball definitions (continued)

Pin Number ° Pin functions
S
513 S Q Pin name § -g ?
fi t ft - 2 =
g g g g (function after c |2 Alternate functions Add|t|.onal
m | o o ) reset) & functions
L. L. [T L. Q
| 3 e i =
TIM2_CH1/TIM2_ETR, ADC1_INP19,
TIM8 CH1N, SAI4_CK1, ADC1_INN18,
1H1| P4 | v3 | U5 PA5 /O | TT ha | - |SPI1_SCK/I281_CK, SPI6_SCK,| ADC2_INP19,
SAl4_MCLK_A, LCD_R4, ADC2_INN18,
EVENTOUT DAC_OUT2
HDPO, TIM5_ETR, SAI4_D2,
1J1 | R4 V4 V6 PA4 110 TT a | - USART_Z_CK, Splg_NSS, ADDAC\)CZ:_g\IUP_I:l’]S,
SAl4_FS_A, DCMI_HSYNC, -
LCD_VSYNC, EVENTOUT
TRACEDO, DFSDM1_DATINO,
| - | Ac2| ws PGO /0 | FT vh | - | ETH1_GMII_TXD4, FMC_A10, -
EVENTOUT
TIM2_CH4, LPTIM2_ETR,
12C2_SDA, DFSDM1_CKIN7,
USART3_RX,
ETH1_GMIl_TX_EN/
u3 | v1 AB1 Y5 PB11 I/O |FT_favh| - ETH1_MIl_TX_EN/ -
ETH1_RGMI_TX_CTL/
ETH1_RMII_TX_EN, LCD_G5,
EVENTOUT
TIM1_BKIN2,
ETH1_GMIl_GTX_CLK/
- | - | AB2 | AB4 PG4 U0 | FTvh |- | et ReMIT 67X LK -
FMC_A14, EVENTOUT
TIM2_CH3, TIM5_CH3,
LPTIM4_OUT, TIM15_CHH1,
USART2_TX, SAI2 SCK_B, | ADC1_INP14,
T3 | W2 | AC3 | AB2 PA2 VO | FT_ha | - | soMMC2 DODIR, ETH1_MDIO, | WKUP2
MDIOS_MDIO, LCD_R1,
EVENTOUT
1F3 | me | - - VDD s - - ; -
TRACEDO, SAI1_D1, ADC1_INP11,
DFSDM1_DATINO,
— ADC1 INN10,
DFSDM1_CKIN4, ADC2_|NP11
T2 | V2 | AA6 | AB3 PC1 /O | FT_ha | - SPI2_MOSI/I2S2_SDO, ADC2_|NN10,
SAI1_SD_A, SDMMC2_CK, TAMI_D IN3 ’
ETH1_MDC, MDIOS_MDC, WKU_PG ’
EVENTOUT
A6 - K21 E19 VSS S - - - -
TIM1_ETR,
ETH1_GMIl_CLK125/
) ) Y6 | us PGS Vo FT |- ETH1_RGMII_CLK125, )
FMC_A15, EVENTOUT
- F10 | 1B3 J10 VDDCORE S - - - -
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Pinouts, pin description and alternate functions

Table 7. STM32MP153A/D pin and ball definitions (continued)

Pin Number

TFBGA257

LFBGA354

TFBGA361

LFBGA448

Pin name
(function after
reset)

Pin type

1/0 structure

Notes

Pin functions

Alternate functions

Additional
functions

AA3

PH3

110

FT_h

DFSDM1_CKIN4,
QUADSPI_BK2_|01,
SAI2_MCLK_B,
ETH1_GMII_COL/
ETH1_MIl_COL, LCD_Rf,
EVENTOUT

u2

W3

ABG6

AB5

PBO

110

FT a

TIM1_CH2N, TIM3_CH3,
TIM8_CH2N, DFSDM1_CKOUT,
UART4_CTS, LCD_R3,
ETH1_GMII_RXD2/
ETH1_MIl_RXD2/
ETH1_RGMII_RXD2,
MDIOS_MDIO, LCD_GH,
EVENTOUT

ADC1_INP9,
ADC1_INNS,
ADC2_INP9,
ADC2_INN5

Y4

W6

PF15

IO

FT_fh

TRACED?7, I12C4_SDA,
12C1_SDA, ETH1_GMII_RXD?7,
FMC_A9, EVENTOUT

U1

V3

AA7

AAS5

PB1

110

FT a

TIM1_CH3N, TIM3_CH4,
TIM8_CH3N, DFSDM1_DATINT,
LCD_R6, ETH1_GMII_RXD3/
ETH1_MIl_RXD3/
ETH1_RGMII_RXD3,
MDIOS_MDC, LCD_GoO,
EVENTOUT

ADC1_INPS5,
ADC2_INP5

E6

F6

VSS

AC4

V7

PF14

I/0

FT fha

TRACEDG, DFSDM1_CKING,
l2C4_SCL, 12C1_SCL,
ETH1_GMII_RXD6, FMC_A8,
EVENTOUT

ADC2_INPG6,
ADC2_INN2

Y5

W7

PF13

110

FT ha

TRACED5, DFSDM1_DATINS,
12C4_SMBA, 12C1_SMBA,
DFSDM1_DATIN3,
ETH1_GMII_RXD5, FMC_A7,
EVENTOUT

ADC2_INP2

AB4

AB7

PH2

I/0

FT_h

LPTIM1_IN2,
QUADSPI_BK2_100,
SAI2_SCK_B, ETH1_GMII_CRS/
ETH1_MIl_CRS, LCD_RO,
EVENTOUT

V1

V4

AB7

AAG

PC5

1’0

FT_a

SAI1_D3, DFSDM1_DATIN2,
SAl4_D4, SAI1_D4,
SPDIFRX_IN4,
ETH1_GMII_RXD1/
ETH1_MIl_RXD1/
ETH1_RGMII_RXD1/
ETH1_RMII_RXD1, SAl4_D3,
EVENTOUT

ADC1_INPS,
ADC1_INN4,
ADC2_INPS,
ADC2_INN4

3

DS12502 Rev 5

69/255




Pinouts, pin description and alternate functions

STM32MP153A/D

Table 7. STM32MP153A/D pin and ball definitions (continued)

Pin Number ° Pin functions
S
513 S Q Pin name § -g ?
funct ft = c -
g g g g (function after c |2 Alternate functions Add|t|.onal
Q| o m ) reset) & functions
L. |18 [T [T Q
= - = | =
DFSDM1_CKIN2, 12S1_MCK,
SPDIFRX_IN3,
ETH1_GMII_RXDO0/ ADC1_INP4,
V2 | W4 | ACT | AB6 PC4 Vo | FT_a | - ETH1_MIl_RXDO0/ ADC2_INP4
ETH1_RGMII_RXDO0/
ETH1_RMII_RXDO, EVENTOUT
- M8 - P9 VDD - - - -
1D2 | E8 P3 F7 VSS S - - - -
1J3 | R7 | 1J2 U9 VDD - - - -
TRACED4, ETH1_GMIl_RXD4, ADC1_INPS,
) ) Y9 | Ve PF12 VO | FT_ha | - FMC_A6, EVENTOUT ADC1_INN2
1E4 | - - - VDDCORE S - - - -
SPI5_MOSI, SAI2_SD_B,
W4 | U5 | Y10 | W8 PF11 /O | FT_ha | - DCMI_D12, LCD_GS5, ADC1_INP2
EVENTOUT
- | E10 - F8 VSS S - - - -
TIM1_CH1N, TIM3_CH2,
TIM8_CH1N, SAl4_D1,
SPI1_MOSI/12S1_SDO,
SPI6_MOSI, TIM14_CH1, ADC1_INP7,
QUADSPI_CLK, ADC1_INN3,
W2 | T6 | AB8 | YO PAT VO | FT_ha | - ETH1_GMII_RX_DV/ ADC2_INP7,
ETH1_MI_RX_DV/ ADC2_INN3
ETH1_RGMII_RX_CTL/
ETH1_RMII_CRS_DV,
SAl4_SD_A, EVENTOUT
- | F12 - J12 VDDCORE S - - - -
TIM1_BKIN, TIM3_CH1,
TIM8_BKIN, SAl4_CK2,
SPI1_MISO/12S1_SDI,
W3 | T5 | AC8 | W9 PAG /O | FT_ha | - SPI6_MISO, TIM13_CH1, i%%;_IINNIF;?:’B
MDIOS_MDC, SAl4_SCK_A, —
DCMI_PIXCLK, LCD_G2,
EVENTOUT
- - 1H3 - VDD S - - - -
DFSDM1_CKINO, LPTIM2_IN2,
DFSDM1_DATIN4, SAI2_FS B, | ADC1_INP10,
U4 | T7 | ABS | U10 PCO VO | FT_ha | - QUADSPI_BK2_NCS, LCD_R5, | ADC2_INP10
EVENTOUT
1G2 | E12 | P21 F16 VSS S - - - -
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Pinouts, pin description and alternate functions

Table 7. STM32MP153A/D pin and ball definitions (continued)

Pin Number

TFBGA257
LFBGA354
TFBGA361

LFBGA448

Pin name
(function after
reset)

Pin type

1/0 structure

Notes

Pin functions

Alternate functions

Additional
functions

V9

PB10

I/0

FT_fha

TIM2_CH3, LPTIM2_INT,
12C2_SCL, SPI2_SCK/I2S2_CK,
DFSDM1_DATIN7, USART3_TX,

QUADSPI_BK1_NCS,
ETH1_GMIl_RX_ER/
ETH1_MIl_RX_ER, LCD_G4,
EVENTOUT

- - 1B5

VDDCORE

V3 | V5 | ACS

PB12

I/0

FT_avh

TIM1_BKIN, 12C6_SMBA,
12C2_SMBA,
SPI2_NSS/1252_WS,
DFSDM1_DATIN1, USART3_CK,
USART3_RX, FDCAN2_RX,
ETH1_GMII_TXDO/
ETH1_MII_TXDO/
ETH1_RGMII_TXDO/
ETH1_RMII_TXDO, UART5_RX,
EVENTOUT

J14

VDDCORE

1J2 | T9 | AA10

V10

PB13

I/0

FT_vh

TIM1_CH1N, DFSDM1_CKOUT,
LPTIM2_OUT,
SPI2_SCK/I2S2_CK,
DFSDM1_CKIN1,
USART3_CTS/USART3_NSS,
FDCAN2_TX, ETH1_GMIl_TXD1/
ETH1_MII_TXD1/
ETH1_RGMII_TXD1/
ETH1_RMII_TXD1, UART5_TX,
EVENTOUT

- |E14 | V21

F20

VSS

V5 | T8 | Y8

AA8

PB5

110

FT_vh

ETH_CLK, TIM17_BKIN,
TIM3_CH2, SAl4_D1,
12C1_SMBA,
SPI1_MOSI/12S1_SDO,
12C4_SMBA,
SPI3_MOSI/I2S3_SDO,
SPI6_MOSI, FDCAN2_RX,
SAl4_SD_A, ETH1_PPS_OUT,
UART5_RX, DCMI_D10,
LCD_G7, EVENTOUT

ue | v | Y7

u11

PG11

110

FT_vh

TRACED11, USART1_TX,
UART4_TX, SPDIFRX_IN1,
ETH1_GMII_TX_EN/
ETH1_MIL_TX_EN/
ETH1_RGMII_TX_CTL/
ETH1_RMII_TX_EN, DCMI_D3,

LCD_B3, EVENTOUT

3
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Pinouts, pin description and alternate functions

STM32MP153A/D

Table 7. STM32MP153A/D pin and ball definitions (continued)

Pin Number ° Pin functions
S
513 S Q Pin name § -g ?
fi t ft - 2 =
sl & b (function after £ |2 Alternate functions Additional
m | o o ) reset) & functions
L. L. [T L. Q
| 3 e i =
1B5| G7 | 1C2 - VDDCORE S - - -
TIM12_CH1, 12C2_SMBA,
SPI5_SCK, ETH1_GMIl_RXD2/
ETH1_MIl_RXD2/
- - Y11 V11 PH6 110 FT_h | - ETH1_RGMIl_RXD2, -
MDIOS_MDIO, DCMI_DS,
EVENTOUT
1H2 | E16 - G4 VSS S - - - -
HDP6, TIM16_CH1, TIM4_CH3,
DFSDM1_CKIN7, 12C1_SCL,
SDMMC1_CKIN, 12C4_SCL,
SDMMC2_CKIN, UART4_RX,
FDCAN1_RX, SDMMC2_D4,
V4 | W6 | AB10 | AB8 PB8 I/O |FT_favh| - ETH1_GMII_TXD3/ -
ETH1_MII_TXD3/
ETH1_RGMIl_TXD3,
SDMMC1_D4, DCMI_DS6,
LCD_B6, EVENTOUT
- - | - | ke | voocore | s - - - -
TRACED15,
TIM2_CH1/TIM2_ETR,
ETH_CLK, TIM8_ETR,
SPI6_NSS, SAl4_D2,
Vé | U7 | AB9 Y8 PG8 /O | FT_vh | - USART6_RTS/USART6_DE, -
USART3_RTS/USART3_DE,
SPDIFRX_IN3, SAl4 FS_A,
ETH1_PPS_OUT, LCD_G7,
EVENTOUT
- N5 - P11 VDD S - - - -
TRACED10, UART8_CTS,
LCD_G3, SAI2_SD_B,
u7 | v7 | AB11 | AA9 PG10 110 FT_h | - QUADSPI_BK2_I02, FMC_NE3, -
DCMI_D2, LCD_B2, EVENTOUT
- F5 W3 - VSS S - - - -
TIM1_CH1, DFSDM1_CKOUT,
UART7_RTS/UART7_DE,
1J4 | W7 | AA9 | W11 PE9 /O | FT_ha | - QUADSPI_BK2_[02, -
FMC_AD6/FMC_D6, EVENTOUT
- G9 - - VDDCORE S - - - -
TIM1_ETR, TIM3_ETR,
DFSDM1_DATIN2, UART7_RX,
V7 | T10 | AA11 | W10 PE7 110 FT_h | - QUADSPI_BK2 100, -
FMC_AD4/FMC_D4, EVENTOUT
1C3 | F7 - G6 VSS S - - - -
721255 DS12502 Rev 5 ‘Yl




STM32MP153A/D

Pinouts, pin description and alternate functions

Table 7. STM32MP153A/D pin and ball definitions (continued)

Pin Number ° Pin functions
S
51 S b 2 Pin name § 75, @
fi t ft - 2 =
g g g g (function after c |2 Alternate functions Add|t|.onal
m | o o ) reset) & functions
L. L. [T L. Q
| 3 e 3 =
LPTIM2_IN2, 12C4_SMBA,
12C1_SMBA,
USART3_CTS/USART3_NSS,
U8 | v8 [ AC10| AB9 PD11 /10 FT_h | - QUADSPI_BK1_100, -
SAI2_SD_A,
FMC_A16/FMC_CLE,
EVENTOUT
1D5 | G11 | 1C4 - VDDCORE S - - - -
TIM17_CHA1, SPI5_SCK,
W7 | W8 | AB12 | AA10 PF7 I/O | FT ha | - SAI1_MCLK_B, UART7_TX, -
QUADSPI_BK1_102, EVENTOUT
TRACED12, TIM16_CH1N,
SPI5_MISO, SAI1_SCK_B,
V8 | U10 | AC11 | AB10 PF8 /O | FT_ha | - UART7_RTS/UART7_DE, -
TIM13_CHA1,
QUADSPI_BK1_IO0, EVENTOUT
- - - K11 VDDCORE S - - - -
TIM16_BKIN, SAI1_D3, SAl4_D4,
SAI1_D4, QUADSPI_CLK,
1J7 | U9 | Y12 | V12 PF10 110 FT h | - SAI4_D3, DCMI_D11, LCD_DE, -
EVENTOUT
- F9 | AA5 G8 VSS S - - - -
TIM16_CH1, SPI5_NSS,
SAI1_SD_B, UART7 RX,
Uu10 | V9 | AA13 | AA11 PF6 /O | FT_ha | - QUADSPI_BK1_I03, -
SAl4_SCK_B, EVENTOUT
- H4 - - VDDCORE S - - - -
LPTIM1_IN1, TIM4_CH1,
LPTIM2_IN1, 12C4_SCL,
12C1_SCL,
USART3_RTS/USART3 DE,
U14 | U11 | Y18 | W12 PD12 /O |FT _fha| - QUADSPI_BK1_IO1, -
SAI2_FS_A,
FMC_A17/FMC_ALE,
EVENTOUT
- F11 | AA8 | G10 VSS S - - - -
TRACED13, TIM17_CH1N,
SPI5_MOSI, SAI1_FS_B,
V9 | W9 | AA14 | AB11 PF9 /O | FT ha | - UART7_CTS, TIM14_CH1, -
QUADSPI_BK1_IO1, EVENTOUT
- | He | 1c6 | k13 | vDDCORE | s - - - -
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STM32MP153A/D

Table 7. STM32MP153A/D pin and ball definitions (continued)

Pin Number

Pin functions

o
51 S b 2 Pin name § 75, @
fi t ft - 2 =
g g g g (function after c |2 Alternate functions Add|t|.onal
m | o o ) reset) & functions
™ ™ ™ ™ o
| 3 e i =
TRACEDS, SAI1_MCLK_A,
USART6_CK,
UART8_RTS/UART8_DE,
V11 [W10| AC14 | Y11 PG7 110 FT_h | - QUADSPI_CLK, -
QUADSPI_BK2_I03, DCMI_D13,
LCD_CLK, EVENTOUT
1E3 | F15 - G12 VSS - - - -
1F5 - - - VDDCORE S - - - -
TIM16_CH1N, TIM4_CH1,
12C1_SCL, CEC, 12C4_SCL,
USART1_TX, FDCAN2_TX,
W11 | T12 | Y14 | W13 PB6 /O |FT_fha| - QUADSPI_BK1_NCS, -
DFSDM1_DATIN5, UART5_TX,
DCMI_D5, EVENTOUT
TIM1_CH1N, DFSDM1_CKINZ2,
uU12 | T11 | AC13 | Y12 PES8 110 FT_h | - JUART7_TX,QUADSPI_BK2_IO1, -
FMC_ADS/FMC_D5, EVENTOUT
TIM1_CH2N, DFSDM1_DATIN4,
UART7_CTS,
V12 | V10| Y15 | W14 PE10 /O | FT _ha | - QUADSPI_BK2_I03, -
FMC_AD7/FMC_D7, EVENTOUT
- H8 | 1D1 K15 VDDCORE S - - - -
TRACED4, RTC_OUT2,
SAI1_D1, DFSDM1_CKIN1,
USART1_RX, 12S_CKIN,
V13 | T13 | Y16 | V13 PB2 /O | FT_ha | - SAIM_SD_A, -
SPI3_MOSI/I2S3_SDO,
UART4_RX, QUADSPI_CLK,
EVENTOUT
~ |H10] - | vDDCORE | s -] - -
LPTIM1_OUT, TIM4_CH2,
I2C4_SDA, 12C1_SDA,
U13 | U12 | AA19 | V14 PD13 /O |FT_fha| - [I12S3_MCK, QUADSPI_BK1_IO3, -
SAI2_SCK_A, FMC_A18,
EVENTOUT
- IN7 |- - VDD s - - - -
- G2 | AA12 | G14 VSS S - - - -
1J8 | V16 | AB18 | AA17 | USB_RREF A A - - -
VDD3V3_
- |W12| AA15 | AB13 USBHS S - - - -
VDD3V3_
1H7 - - - USB S - - - -
USBH_HS_DP2,
V10 |W13| AC16 | AB14 USB_DP2 A FT u | - - OTG_HS_DP
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Table 7. STM32MP153A/D pin and ball definitions (continued)

Pin Number ° Pin functions
S
E § : g Pin name § 75, @
< |« < & |(function after| + 2 |5 . Additional
o |lo| o o reset) £ |2 Alternate functions functions
m m m m o fo)
L L L L =
(= = - =
USBH_HS_DM2,
W10 | V13 | AB16 | AA14 | USB_DM2 A FT_u | - - OTG_HS_DM
- |U13 | AA16| Y13 | VSS_USBHS | S - - - -
- - - Y14 | VSS_USBHS | S - - - -
BYPASS_
U11 | T15 | AB13 | AA12 REG1VS | FT - - -
DBTRGO, USART6_RX,
SPDIFRX_IN4,
QUADSPI_BK2_102,
W8 | T14 | Y13 | W15 PG9 /O | FT_h | - SAI2_FS_B, -
FMC_NE2/FMC_NCE,
DCMI_VSYNC, LCD_Rf,
EVENTOUT
1G3| - 1H5 | R10 VDD S - - - -
- | N9 | - - VDD S - - - -
VDDA1V8_
1H5 | V11 | AB14 | AB12 REG S - - - -
TH3 | - - G17 VSS S - - - -
VDDA1V1_
1J6 | W11 | AB15 | AB17 REG S - - - -
- G4 | AA21 | HY VSS S - - - -
- - - R12 VDD S - - - -
- | pPe| - - VDD S - - - -
- U4 - Y15 | VSS_USBHS | S - - - -
- | V12 - AA13 | VSS_USBHS | S - - - -
1D4 | G6 | AC1 J9 VSS S - - - -
- | V15 - AA16 | VSS_USBHS | S - - - -
W14 | W14 | AB17 | AB15 | USB_DM1 A | FTu |- - USBH_HS_DM1
V14| V14 | AC17 | AA15| USB_DP1 A FT_u | - - USBH_HS_DP1
TIM1_ETR, 12C6_SDA,
[2C5_SDA, UART4_TX,
V15 | U16 | AB19 | W16 PA12 /O | FT uf | - | USART1_RTS/USART1 DE, | OTG_FS DP
SAI2_FS_B, FDCAN1_TX,
LCD_RS5, EVENTOUT
- G8 - J1 VSS S - - - -
- - - L8 VDDCORE S - - - -

3
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Table 7. STM32MP153A/D pin and ball definitions (continued)

Pin Number ° Pin functions
S
51 S S 2 Pin name § 75, @
fi t ft - 2 =

g g g g (function after c |2 Alternate functions Add|t|.onal

m | o o ) reset) & functions

L. |18 [T [T Q

(= = - =

TIM1_CH4, 12C6_SCL,
I2C5_SCL, SPI2_NSS/I1252 WS,
UART4_RX,
U15 | V17 | AA18 | Y16 PA11 VO | FT_Uf | - | |gART1 CTS/USARTI Nss, | OTG_FS_DM
FDCAN1_RX, LCD_R4,
EVENTOUT
1C6 | H12 | 1D3 - VDDCORE S - - - -
1F4 | G10 | AC23 - VSS S - - - -
VDD3V3_
- |W15| AA17 | AB16 USBES S - - - -
OTG_FS_VBUS,

V16 | U15 | AC19| V15 OTG_VBUS A FT u | - - OTG_HS_VBUS

TIM1_CH3, SPI3_NSS/I2S3_WS,
USART1_RX, MDIOS_MDIO, | OTG_FS_ID,
SAl4_FS_B,DCMI_D1,LCD_B1,| OTG_HS_ID
EVENTOUT

- - |AB20 | AB20 | DDR_DQ27 | I1/O | DDR | - - -
1B9 | E15| 1A8 | E18 | VDDQ_DDR S - - - -
- - | AB21 | AB21| DDR_DQ26 | I/O | DDR | - - -

u16 | T16 | Y17 | Y17 PA10 /O | FT_u | -

- | G12 - J13 VSS S - - - -
- - |AC22 | AA21 | DDR_DQ28 | I/O | DDR | - - -
1H4 | G14 | 1A3 | J17 VSS S - - - -

- - |AC21| AA20 | DDR_DQ29 | I/O | DDR | - - -
- - Y22 | W20 | DDR_DQ25 | I/O | DDR | - - -
- - |AB22| Y21 | DDR_DQS3P | I/O | DDR | - - -
- H5 - J20 VSS S - - - -
- - |AB23| Y22 | DDR_DQS3N | I/O | DDR | - - -
- - - F17 | VDDQ_DDR S - - - -
- - | AA20 | AA22 | DDR_DQM3 | O DDR | - - -

- | F14 | 1B7 - VDDQ_DDR S - - - -
- - | AA22 | W21 | DDR_DQ31 /O | DDR | - - -
- H7 | 1A5 K3 VSS S - - - -
- - |AA23 | W22 | DDR_DQ30 | I/0 | DDR | - - -
uo | H9 | 1A7 K7 VSS S - - - -

- - Y23 | V22 | DDR_DQ24 | I/O0 | DDR | - - -
- - - G16 | VDDQ_DDR S - - - -

3

76/255 DS12502 Rev 5




STM32MP153A/D

Pinouts, pin description and alternate functions

Table 7. STM32MP153A/D pin and ball definitions (continued)

Pin Number o Pin functions
§ § § § unc;;::t)a er £ |2 Alternate functions ?3:;22:2'
By 2
- - - L10 VDDCORE S - -
W16 | W16 | AC20 | AB19 | DDR_VREF A - -
- | HM - K10 VSS S - - -
W17 | W18 | W23 | V20 DDR_DQ12 I/0 DDR | - -
1C5 | H13 | 1B2 | K12 VSS S - - -
V17 |W17| Y21 | V21 DDR_DQ15 I/O DDR | - -
- |H15 - K14 VSS S - - -
U117 | v18 | w22 | U21 DDR_DQ14 I/O DDR | - -
w18 | V19 | W21 | T20 DDR_DQ1M I/O DDR | - -
- |G15| 1B9 | H17 | VvVDDQ_DDR S - - -
V19 | U19 | U22 | T22 | DDR_DQS1P | I/O DDR | - -
1E5| - 1B4 L9 VSS S - - -
U18 | T19 | U23 | R22 | DDR_DQS1IN | /O DDR | - -
V18 | U18 | V22 | T21 DDR_DQM1 (0] DDR | - -
1D9 | - - J16 | VDDQ_DDR S - - -
T18 | T18 | T23 | R20 | DDR_DQ13 I/0 DDR | - -
- J3 | 1B6 - VSS S - - -
U119 | T17 | U21 R21 DDR_DQ9 I/0 DDR | - -
1G5 | J6 - L11 VSS S - - -
T19 |R18 | T22 | P21 DDR_DQ10 I/O DDR | - -
- |H14 - - VDDQ_DDR S - - -
R18 | P18 | T21 N22 DDR_DQ8 I/0 DDR | - -
- J8 | 1B8 | L13 VSS S - - -
1J5 | J10 - L17 VSS S - - -
1F8 | N19 | Y19 | AA19 DDR_ATO A A - -
- J7 - - VDDCORE S - - -
- - 1C8 - VDDQ_DDR S - - -
1G9 [ N16 | W20 | U19 DDR_A6 (0] DDR | - -
- - - K17 | VDDQ_DDR S - - -
T17 |R17 | Y20 | U18 DDR_A8 (0] DDR | - -
- J12 | 1C1 L19 VSS S - - -
R17 | P17 | V20 | T18 DDR_A4 (0] DDR | - -
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Table 7. STM32MP153A/D pin and ball definitions (continued)

Pin Number o Pin functions
§ § § § ( unc;;::t)a er £ |2 Alternate functions ?3:;22:2'
FEAREE S
1A6 | J14 | 1C3 | L20 VSS S - - -
P17 | P19 | T20 | R19 DDR_CKE O DDR | - - -
P18 | N17 | U20 | R18 DDR_BA1 O DDR | - - -
- | J15 - L16 | VDDQ_DDR S - - - -
N18 | N18 | R21 | P18 DDR_A14 O DDR | - - -
- K2 - M7 VSS S - - - -
N19 |M18| R20 | P19 DDR_A11 o] DDR | - - -
- K5 | 1C5 | M10 VSS S - - - -
1D6 | K7 - M12 VSS S - - - -
M17 | M19 | R22 | N18 DDR_A10 0] DDR | - - -
- J9 | 1D5 | L12 VDDCORE S - - - -
- - 1D9 - VDDQ_DDR S - - - -
M18| L17 | P23 | N19 DDR_A12 O DDR | - - -
M19 | M17 | P22 | M18 DDR_A1 O DDR | - - -
- K9 | 1C7 | M14 VSS S - - - -
J19 | K17 | N20 | M22 | DDR_CASN O DDR | - - -
1F6 | K11 - N9 VSS S - - - -
J18 | J17 | M20 | M21 DDR_WEN 0] DDR | - - -
- | K14 - M17 | VDDQ_DDR S - - - -
1E9 | L18 | N21 | M20 | DDR_RASN O DDR | - - -
L17 | L19 | N22 | N20 | DDR_CLKP O DDR | - - -
- | K13 | 1C9 - VSS S - - - -
K18 | K19 | N23 | N21 | DDR_CLKN O DDR | - - -
1F9 | - 1E8 | N16 | VDDQ_DDR S - - - -
1D8 | K18 | K20 | L22 | DDR_DTOO 0o DDR | - - -
1C8 | J19 | L21 | K21 DDR_DTO1 O DDR | - - -
L18 | L16 | P20 | M19 DDR_A15 O DDR | - - -
1H6 | - 1D2 | N11 VSS S - - - -
1E6 | - - - VDDCORE S - - - -
- | K15 - N13 VSS S - - - -
J17 | J18 | M22 | L18 DDR_CSN 0] DDR | - - -
H18 | H19 | L22 | L21 DDR_ODT O DDR | - - -
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Table 7. STM32MP153A/D pin and ball definitions (continued)

Pin Number o Pin functions
§ § § § unc;;::t)a e £ £ |2 Alternate functions ?3:;22:2'
b E Y g
H17 | J16 | M21 | K18 DDR_BA2 (0] DDR | - - -
1C7 | L6 | 1D4 | N17 VSS S - - - -
G18 | H18 | L20 | K19 DDR_AO (0] DDR | - - -
- L15 - P17 | VDDQ_DDR S - - - -
G19|G19| L23 | K20 DDR_BAO (0] DDR | - - -
E17 | F17 | F20 | G18 DDR_A13 (0] DDR | - - -
- L8 - P3 VSS S - - - -
F17 | G18 | J20 | J18 DDR_A2 (0] DDR | - - -
1E7 | L10 | 1D6 P7 VSS S - - - -
F19 | F19 | K22 | J19 DDR_A3 (0] DDR | - - -
- - 1F9 - VDDQ_DDR S - - - -
C16 | G16 | D20 | F19 REgIFE{'FN (0] DDR | - - -
- | M14 - R16 | VDDQ_DDR S - - - -
1C9 | H17 | H20 | H19 DDR_A5 (0] DDR | - - -
- L12 | 1D8 | P10 VSS S - - - -
1A9 | E17 | E20 | F18 DDR_A7 (0] DDR | - - -
- sl - | P12 VSS S - - - -
1A8 | F18 | K23 | K22 DDR_ZQ A A - - -
E18 | G17 | G20 | H18 DDR_A9 (0] DDR | - - -
1G7 | M5 | 1E1 P14 VSS S - - - -
- J11 | 1D7 | L14 VDDCORE S - - - -
D18 | E18 | J21 J21 DDR_DQ4 /O | DDR | - - -
- M7 - P20 VSS S - - - -
D19 D17 | J22 | H20 DDR_DQ5 /O | DDR | - - -
W13 | M9 | 1E3 - VSS S - - - -
C18 | D18 | H21 | H21 DDR_DQ2 /O | DDR | - - -
- - - T17 | VDDQ_DDR S - - - -
C19 | D19 | H22 | H22 DDR_DQ6 /O | DDR | - - -
- - 1G8 - VDDQ_DDR S - - - -
B19 | C19| G22 | G22 | DDR_DQSOP | I/O | DDR | - - -
- | MM - R8 VSS S - - - -
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Pinouts, pin description and alternate functions STM32MP153A/D

Table 7. STM32MP153A/D pin and ball definitions (continued)

Pin Number o Pin functions
§ § § § ( unc;;::t)a er £ |2 Alternate functions ?3:;22:2'
By 2
B18 | B19 | G23 | G21 | DDR_DQSON | I/O DDR | - - -
- |N15 - - VDDQ_DDR S - - - -
C17 | C18 | H23 | G20 | DDR_DQMO (0] DDR | - - -
1H9 | - - U16 | VDDQ_DDR S - - - -
B17 | B18 | G21 | G19 DDR_DQ7 I/0 DDR | - - -
1B8 | M13 | 1E5 | R17 VSS S - - - -
A18 | A18 | F22 | F21 DDR_DQ1 I/O DDR | - - -
- |M15| 1E7 T7 VSS S - - - -
A17 | A17 | E22 | E21 DDR_DQO I/O DDR | - - -
B16 | B17 | E21 E20 DDR_DQ3 I/0 DDR | - - -
- | P14 | 1H9 | v17 | VDDQ_DDR S - - - -
1H8 | - - T9 VSS S - - - -
- J13 - - VDDCORE S - - - -
- - E23 | E22 DDR_DQ21 I/O DDR | - - -
- N6 | 1E9Q | T11 VSS S - - - -
- - D21 | D20 | DDR_DQ22 I/0 DDR | - - -
C14 | N8 - T19 VSS S - - - -
- - D22 | D21 DDR_DQ17 I/0 DDR | - - -
- - D23 | D22 | DDR_DQ18 I/O DDR | - - -
- - - W18 | VDDQ_DDR S - - - -
- - C22 | C21 | DDR_DQS2P | I/O DDR | - - -
- |N10| 1F2 u7 VSS S - - - -
- - B23 | B22 | DDR_DQS2N | I/O DDR | - - -
- |R15| 1J8 - VDDQ_DDR S - - - -
- - C23 | C22 | DDR_DQM2 (0] DDR | - - -
- - - Y19 | VDDQ_DDR S - - - -
- - B22 | B21 DDR_DQ16 I/O DDR | - - -
- |N12| 1F4 | U13 VSS S - - - -
- - A22 | A21 DDR_DQ23 I/0 DDR | - - -
1J9 | N14 - u15 VSS S - - - -
- - B21 B20 DDR_DQ19 I/O DDR | - - -
- - A21 | A20 DDR_DQ20 I/O DDR | - - -
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STM32MP153A/D

Pinouts, pin description and alternate functions

Table 7. STM32MP153A/D pin and ball definitions (continued)

Pin Number o Pin functions
§ § § § unc;;::t)a er £ |2 Alternate functions ?3:;22:2'
El5 | E |G g
- - 1J4 - VDD S - -
- P7 | 1F6 - VSS - - -
- - - M11 VDDCORE - - -
C15|D15| C20 | E17 | JTMS-SWDIO | I/O FTU - -
A16 | D16 | B20 | D17 |JTCK-SWCLK | FTD | - -
A15 | D14 | A19 | E16 TRXTC-:DEg;NO (0] FTU - -
B15| D13 | A20 | D16 JTDI | FTU - -
1G6 | K8 | 1E2 - VDDCORE S - - -
B14 | D12 | B19 | E15 NJTRST | FTU - -
- |e13| - |p1s| voo P2 | s - - -
- [F13] - |p1o| vssp2 | s - - i
1B6 | B12 | C14 | B14 VDDA1V8_Un S - - -

used

- |C12| C16 | C14 VSS S - - -
- | C13 - C15 VSS S - - -
A13 | B15| B17 | B17 DNU DNU - - -
B13 | A15| A17 | A17 DNU DNU - - -
187 [A16 | 17 | atg |VOPTVA UMl g 1) i
B12 | A14 | A16 | A16 DNU DNU - - -
A12 | B14 | B16 | B16 DNU DNU - - -
- | C14 - C16 VSS - - -
- | C15 - C17 VSS - - -
- | C16 - Cc18 VSS S - - -
B11 | B13 | C15 | B15 DNU DNU - - -
C12 | A13 | B15 | A15 DNU DNU - - -
- P8 - T13 VDD S - - -
C13 | A12 | B18 | A14 | VDD_Unused S - - -
1A7 | B16 | C18 | B18 VDD“;i—U”“S S - - .
D17 | P9 - u17 VSS S - - -
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STM32MP153A/D

Table 7. STM32MP153A/D pin and ball definitions (continued)

Pin Number

TFBGA257

LFBGA354

TFBGA361

LFBGA448

Pin name
(function after
reset)

Pin type

1/0 structure

Notes

Pin functions

Alternate functions

Additional
functions

Cc1

A1

D16

D15

PC11

110

FT ha

TRACED3, DFSDM1_DATINS5,
SPI3_MISO/I2S3_SDI,
USART3_RX, UART4_RX,
QUADSPI_BK2_NCS,
SAl4_SCK_B, SDMMC1_D3,
DCMI_D4, EVENTOUT

K10

VDDCORE

A10

B11

D19

F15

PE4

110

FT_h

TRACED1, SAI1_D2,
DFSDM1_DATIN3, TIM15_CH1N,
SPI4_NSS, SAI1_FS_A,
SDMMC2_CKIN,
SDMMC1_CKIN, SDMMC2_D4,
SDMMC1_D4, FMC_AZ20,
DCMI_D4, LCD_BO, EVENTOUT

M13

VDDCORE

A9

Cc11

D18

E14

PC8

110

FT ha

TRACEDO, TIM3_CH3,
TIM8_CH3, UART4_TX,
USART6_CK,
UART5_RTS/UART5_DE,
SDMMC1_D0, DCMI_D2,
EVENTOUT

P11

1F8

u20

VSS

B10

D11

D15

F14

PC10

110

FT_ha

TRACED2, DFSDM1_CKIN5,
SPI3_SCK/I2S3_CK,
USART3_TX, UART4_TX,
QUADSPI_BK1_I01,
SAl4_MCLK_B, SDMMC1_D2,
DCMI_D8, LCD_R2, EVENTOUT

1D7

K12

1E4

VDDCORE

B6

B9

B13

C13

PB4

I/0

FT_ha

TRACEDS, TIM16_BKIN,
TIM3_CH1, SAl4_CK2,
SPI1_MISO/I2S1_SDI,
SPI3_MISO/I2S3_SDI,

SPI2_NSS/1252_WS,
SPI6_MISO, SDMMC2_D3,
SAl4_SCK_A, UART7_TX,

EVENTOUT

B9

A10

D17

D14

PC9

1’0

FT_fh

TRACED1, TIM3_CH4,
TIM8_CH4, 12C3_SDA,
12S_CKIN, UART5_CTS,
QUADSPI_BK1_100,
SDMMC1_D1, DCMI_D3,
LCD_B2, EVENTOUT

G17

P13

1G3

V5

VSS
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Pinouts, pin description and alternate functions

Table 7. STM32MP153A/D pin and ball definitions (continued)

Pin Number

TFBGA257

LFBGA354

TFBGA361

LFBGA448

Pin name
(function after
reset)

Pin type

1/0 structure

Notes

Pin functions

Alternate functions

Additional
functions

Cc10

B11

D13

PC7

110

FT_ha

HDP4, TIM3_CH2, TIM8_CH2,
DFSDM1_DATIN3, 12S3_MCK,
USART6_RX,
SDMMC1_D123DIR,
SDMMC2_D123DIR,
SDMMC2_D7, SDMMC1_D7,
DCMI_D1, LCD_G6, EVENTOUT

L9

M15

VDDCORE

A4

D10

B14

E13

PC6

110

FT_ha

HDP1, TIM3_CH1, TIM8_CH1,
DFSDM1_CKINS, 12S2_MCK,
USART6_TX, SDMMC1_DODIR,
SDMMC2_DODIR, SDMMC2_D6,
SDMMC1_D6, DCMI_DO,
LCD_HSYNC, EVENTOUT

A14

F13

PF2

I/0

FT_h

12C2_SMBA, SDMMC2_DODIR,
SDMMC3_DODIR,
SDMMC1_DODIR, FMC_AZ2,
EVENTOUT

1A5

B10

D12

D12

PD2

110

FT ha

TIM3_ETR, [2C5_SMBA,
UART4_RX, UART5_RX,
SDMMC1_CMD, DCMI_D11,
EVENTOUT

1G4

P10

VDD

P15

V16

VSS

1E6

VDDCORE

B8

B8

A13

B13

PA8

110

FT_fh

MCO1, TIM1_CH1, TIM8_BKIN2,
12C3_SCL,
SPI3_MOSI/I2S3_SDO,
USART1_CK, SDMMC2_CKIN,
SDMMC2_D4,
OTG_FS_SOF/OTG_HS_SOF,
SAl4_SD_B, UART7_RX,
LCD_R6, EVENTOUT

1A4

C9

C13

A13

PB14

110

FT_h

TIM1_CH2N, TIM12_CHH,
TIM8_CH2N, USART1_TX,
SPI2_MISO/I2S2_SDI,
DFSDM1_DATIN2,
USART3_RTS/USART3_DE,
SDMMC2_D0, EVENTOUT

1B4

c10

D13

E12

PC12

I/0

FT_h

TRACECLK, MCO2, SAl4_D3,
SPI3_MOSI/I2S3_SDO,
USART3_CK, UART5_TX,
SAl4_SD_B, SDMMC1_CK,
DCMI_D9, EVENTOUT

R2

1G5

V18

VSS

3
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Pinouts, pin description and alternate functions STM32MP153A/D

Table 7. STM32MP153A/D pin and ball definitions (continued)

Pin Number ° Pin functions
S
51 S S 2 Pin name § 75, @
fi t ft - 2 =
g g g g (function after c |2 Alternate functions Add|t|.onal
m | o o ) reset) & functions
L. L. [T L. Q
| 3 e 3 =
RTC_REFIN, TIM1_CH3N,
TIM12_CH2, TIM8 CH3N,
USART1_RX,
C8 | A8 | B12 B12 PB15 110 FT _h | - SPI2_MOSII2S2_SDO, -
DFSDM1_CKIN2, SDMMC2_D1,
EVENTOUT
- L11 - N12 VDDCORE S - - - -
TRACED3, SAI1_CK2,
DFSDM1_CKIN3, TIM15_CH1,
SPI4_MISO, SAI1_SCK_A,
B7 | B7 | C11 Cc12 PE5 110 FT _h | - SDMMC2_DODIR, -
SDMMC1_DODIR, SDMMC2_D6,
SDMMC1_D6, FMC_A21,
DCMI_D6, LCD_GO0, EVENTOUT
- - - U12 VDD S - - - -
TRACEDS, TIM2_CH2,
SAl4_CK1, SPI1_SCK/I2S1_CK,
C7 | A7 | A1 A12 PB3 110 FT_h | - |SPI3_SCK/I12S3_CK, SPI6_SCK, -
SDMMC2_D2, SAl4_MCLK_A,
UART7_RX, EVENTOUT
- R6 - V19 VSS S - - - -
TRACED14, TIM17_BKIN,
B5 | A6 | A10 D11 PG6 110 FT_h | - SDMMC2_CMD, DCMI_D12, -
LCD_R7, EVENTOUT
1F7| - | - - | vDppcore | s - |- - -
HDP5, DFSDM1_CKOUT,
SPI2_SCK/1252_CK,
DFSDM1_DATINO,
USART2_CTS/USART2_NSS,
A7 | C6 | D14 B11 PD3 110 FT _h | - SDMMC1_D123DIR, -
SDMMC2_D7,
SDMMC2_D123DIR,
SDMMC1_D7, FMC_CLK,
DCMI_D5, LCD_G7, EVENTOUT
HDP7, TIM17_CH1, TIM4_CH4,
DFSDM1_DATIN7, 12C1_SDA,
SPI2_NSS/I252 WS, [2C4_SDA,
C9 | D9 | B10 F12 PB9 /O | FT_fh | - SDMMC2_CDIR, UART4_TX, -
FDCAN1_TX, SDMMC2_DS5,
SDMMC1_CDIR, SDMMC1_DS5,
DCMI_D7, LCD_B7, EVENTOUT
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Pinouts, pin description and alternate functions

Table 7. STM32MP153A/D pin and ball definitions (continued)

Pin Number

TFBGA257

LFBGA354

TFBGA361

LFBGA448

Pin name
(function after
reset)

Pin type

1/0 structure

Notes

Pin functions

Alternate functions

Additional
functions

B4

Cc7

C19

E11

PA15

1’0

FT_h

DBTRGI, TIM2_CH1/TIM2_ETR,
SAl4_D2, SDMMC1_CDIR, CEC,
SPI1_NSS/I251_WS,
SPI3_NSS/I2S3_WS, SPI6_NSS,
UART4_RTS/UART4_DE,
SDMMC2_D5, SDMMC2_CDIR,
SDMMC1_D5, SAl4_FS_A,
UART7_TX, LCD_Rf,
EVENTOUT

N17

1G7

W17

VSS

C6

C8

A8

A1

PA9

1’0

FT_h

TIM1_CH2, 2C3_SMBA,
SPI2_SCK/I2S2_CK,
USART1_TX, SDMMC2_CDIR,
SDMMC2_D5, DCMI_DO,
LCD_R5, EVENTOUT

A3

BS

D11

F11

PB7

110

FT_fh

TIM17_CHAN, TIM4_CH2,
I2C1_SDA, 12C4_SDA,
USART1_RX, SDMMC2_D1,
DFSDM1_CKIN5, FMC_NL,
DCMI_VSYNC, EVENTOUT

L13

1F5

N14

VDDCORE

A2

A4

B9

B10

PD1

IO

FT_fh

|2C6_SCL, DFSDM1_DATINS,
12C5_SCL, SAI3_SD_A,
UART4_TX, FDCAN1_TX,
SDMMC3_DO0, DFSDM1_CKIN?,
FMC_AD3/FMC_D3, EVENTOUT

R9

1J6

VDD

C5

A3

B8

C10

PDO

110

FT_fh

|2C6_SDA, DFSDM1_CKIN®,
12C5_SDA, SAI3_SCK_A,
UART4_RX, FDCAN1_RX,
SDMMC3_CMD,
DFSDM1_DATIN?,
FMC_AD2/FMC_D2, EVENTOUT

R8

W19

VSS

1A3

A5

C9

A10

PE3

110

FT_h

TRACEDO, TIM15_BKIN,
SAI1_SD_B, SDMMC2_CK,
FMC_A19, EVENTOUT

C4

D7

A7

A9

PD5

110

FT_h

USART2_TX, SDMMC3_D2,
FMC_NWE, EVENTOUT

B3

B4

D10

F10

PD7

110

FT_fh

TRACED6, DFSDM1_DATIN4,
|2C2_SCL, DFSDM1_CKIN1,
USART2_CK, SPDIFRX_IN1,
SDMMC3_D3, FMC_NE1,
EVENTOUT

M10

VDDCORE

3
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Pinouts, pin description and alternate functions STM32MP153A/D

Table 7. STM32MP153A/D pin and ball definitions (continued)

Pin Number ° Pin functions
1
513 s ® Pin name § 2 ?
< | < < & |(function after| + 2 5 . Additional
o |lo| o o reset) £ |2 Alternate functions functions
om m m m o fo)
[T [T (18 (18 =~
= = = | =
TRACED7, SAI1_D2, 12C2_SDA,
SAIM_FS_A,
B1 | A2 | B7 | D10 PG15 I/0 | FT_fh | - | USART6_CTS/USART6_NSS, -
SDMMC3_CK, DCMI_D13,
EVENTOUT
TRACED2, TIM1_BKIN2,
SAl1_D1, TIM15_CH2,
SPl14_MOSI, SAI1_SD_A,
B2 | B3 | C10 | E9 PE6 /O | FT_h | - SDMMC2_DO, SDMMC1_ D2, -
SAI2_MCLK_B, FMC_A22,
DCMI_D7, LCD_G1, EVENTOUT
- |R10| 1G9 | Y3 VSS S - - - -
12C2_SDA, SDMMC3_DO0,
- - D8 | E10 PFO /O | FT_fh | - SDMMC3_CKIN, FMC_AQ, -
EVENTOUT
- - - P13 | VDDCORE S - - - -
12C2_SCL, SDMMC3_CMD,
- - A5 B9 PF1 /O | FT_fh | - SDMMC3_CDIR, FMC_AT1, -
EVENTOUT
F18 | R12| 1H4 - VSsS S - - - -
USART2_RX, SDMMC3_Df1,
- - D9 F9 PF4 /O | FT_h | - | SDMMC3_D123DIR, FMC_A4, -
EVENTOUT
1E8 | M12| 1F7 - VDDCORE S - - - -
SAI3_FS_A,
USART2_RTS/USART2_DE,
C3| D6 B6 | C9 PD4 Vo | FT_h ) - SDMMC3_D1, DFSDM1_CKINO, )
FMC_NOE, EVENTOUT
- - - u14 VDD S - - - -
USART2_TX, SDMMC3_D2,
) ) D7 | D9 PFS Vo | FT_h ) - FMC_A5, EVENTOUT )
- |R14 - Y7 VSS S - - - -
RTC_REFIN, TIM16_BKIN,
DFSDM1_CKOUT, 12C5_SMBA,
SPI3_MISO/I12S3_SDlI,
1A2 | C5 | B5 A8 PD10 /O | FT_h | - SAI3_FS_B, USART3_CK, -
FMC_AD15/FMC_D15, LCD_B3,
EVENTOUT
- | N11 - P15 | VDDCORE S - - - -
- - - B8 PJ12 110 FT - | LCD_G3, LCD_B0, EVENTOUT -
- - - A7 PJ13 1’0 FT - | LCD_G4, LCD_B1, EVENTOUT -
- - - B7 PJ14 I/0 FT - LCD_B2, EVENTOUT -
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STM32MP153A/D

Pinouts, pin description and alternate functions

Table 7. STM32MP153A/D pin and ball definitions (continued)

Pin Number ° Pin functions
S
51 S b 2 Pin name § 75, @
funct ft - 2 -
g g g g (function after c |2 Alternate functions Add|t|.onal
Q| o m ) reset) & functions
L. |18 [T [T Q
(== | = = =
A19 | R16 | 1H6 | Y10 VSS S - - -
- - - Cc7 PJ15 /10 FT - LCD_B3, EVENTOUT -
- - 1G6 - VDDCORE S - - - -
TIM1_CH1N, TIM8_CH3,
- - - D8 PKO /10 FT_h | - SPI5_SCK, LCD_GS5, -
EVENTOUT
TRACED4, TIM1_CH1, HDP4,
- - - E7 PKA1 /10 FT_h | - TIM8_CH3N, SPI5_NSS, -
LCD_G6, EVENTOUT
TRACEDS, TIM1_BKIN, HDP5,
- - - E8 PK2 110 FT_h | - TIM8_BKIN, LCD_G7, -
EVENTOUT
- |R11| - - VDD - - - -
- T4 | - | Y18 VSS - - - -
- N13 - R14 VDDCORE S - - - -
- - - B6 PK3 110 FT - LCD_B4, EVENTOUT -
- - - A6 PK4 110 FT - LCD_B5, EVENTOUT -
TRACED®G6, HDP6, LCD_BS,
-] - - | c6 PK5 IO | FT_h | - EVENTOUT -
K19 | U3 | 1H8 | Y20 VSS S - - - -
TRACED7, HDP7, LCD_B?7,
- - - A5 PK6 110 FT h | - EVENTOUT -
1G8 | P12 - - VDDCORE S - - - -
- - - B5 PK7 110 FT - LCD_DE, EVENTOUT -
LPTIM1_ETR, TIM4_ETR,
LPTIM2_ETR,
SPI3_SCK/12S3_CK,
c2|ca| D6 | C5 PEO VO | FT_h | - | Al MGLK B, UARTS RX. -
SAI2_MCLK_A, FMC_NBLO,
DCMI_D2, EVENTOUT
LPTIM1_IN2, 12S2_MCK,
SAI3_SD B, UART8_TX,
1A1 | B1 Cc8 D7 PE1 110 FT - FMC_NBL1, DCMI_D3, -
EVENTOUT
- ue | 1J3 | AA4 VSS S - - - -
TIM5_ETR, 12C3_SDA,
- - D5 D6 PH8 110 FT f | - DCMI_HSYNC, LCD_R?2, -
EVENTOUT
- - 1H7 | T15 VDDCORE S - - - -
TIM12_CH2, I12C3_SMBA,
) ) C5 | E6 PHO Vo FT |- DCMI_DO, LCD_R3, EVENTOUT )
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Pinouts, pin description and alternate functions

STM32MP153A/D

Table 7. STM32MP153A/D pin and ball definitions (continued)

Pin Number ° Pin functions
S
51 S b 2 Pin name § 75, @
fi t ft - 2 =
g g g g (function after c |2 Alternate functions Add|t|.onal
Q| o m ) reset) & functions
L. L. [T L. Q
(= = 3 =
TIM1_CH2, DFSDM1_CKIN4,
SPI4_NSS, USART6_CK,
D2 | C1 A4 D5 PE11 110 FT - SAI2_SD B, -
FMC_ADS/FMC_D8, DCMI_D4,
LCD_G3, EVENTOUT
TIM1_CH3N, DFSDM1_DATINS,
SPI4_SCK, SDMMC1_DODIR,
C1 D2 B4 E4 PE12 110 FT_h | - SAI2_SCK_B, -
FMC_ADY/FMC_D9, LCD_B4,
EVENTOUT
HDP2, TIM1_CH3,
DFSDM1_CKINS, SPI4_MISO,
E3 | C2 A3 A4 PE13 110 FT _h | - SAI2_FS_B, -
FMC_AD10/FMC_D10,
DCMI_D6, LCD_DE, EVENTOUT
- R13 - - VDDCORE S - - - -
TIM5_CH2, 12C4_SCL,
- - C4 B3 PH11 110 FT_f | - | 12C1_SCL, DCMI_D2, LCD_RS, -
EVENTOUT
R19 | U8 - AA18 VSS S - - - -
- U117 | 1J5 | AB1 VSS S - - - -
W19 | W1 - AB18 VSS S - - - -
- |W19| 1J7 | AB22 VSS S - - - -
TIM1_CH4, SPI4_MOSI,
UART8_RTS/UART8_DE,
SAI2_MCLK_B,
1B2 | D3 C6 B4 PE14 110 FT_h | - SDMMC1_D123DIR, -
FMC_AD11/FMC_D11, LCD_GO,
LCD_CLK, EVENTOUT
HDP3, TIM1_BKIN, TIM15_BKIN,
USART2_CTS/USART2_NSS,
D3 | E1 D3 C4 PE15 110 FT - UART8_CTS, FMC_NCE2, -
FMC_AD12/FMC_D12, LCD_R7,
EVENTOUT
12C2_SCL, LCD_G5, LCD_G4,
- - B3 A3 PH4 110 FT f | - EVENTOUT -
1. 10 supplied by VSW domain.
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Table 8. Alternate function AF0 to AF7(1)

AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7
SPI/I2S1/ SPI2/1252/
SAI4/12C2/ SAl4/
Port TIM1/2/16/17/ | SAI/4/12C6/ TIMS/ 12C1/2/3/4/5/ gi:g;:ggiﬁ SSF::I;‘IIII?BISEI spg'léls:”
HDP/SYS/IRTC | LPTIMA/SYS/ | TIM3/4/5112/ | LPTIM2/3/4/5/ | USARTA/
SPI4/5/6/12C1/ | 12CA/UART4/ | USARTA/2/3/6/
RTC HDP/SYS DFSDM1 | TIMA5/LPTIM2/
oomey | DYaSLETN2 | spmmc1r3) DFSDM1 UART7/
CEC SDMMC2
TIM2_CH1/ USART2_CTS/
PAO ; M ETR TIM5_CH1 TIMB_ETR | TIM15_BKIN ] ] JoARTZ NSe
USART2_RTS/
PA1 | ETH CLK TIM2_CH2 TIM5_CH2 | LPTIM3_OUT | TIM15_CHIN ] ) USARTZ DE
PA2 - TIM2_CH3 TIM5_CH3 | LPTIM4 OUT | TIM15_CH1 - - USART2_TX
PA3 - TIM2_CH4 TIM5_CH4 | LPTIM5_OUT | TIM15_CH2 - A USART2_RX
SPI1_NSS/ | SPI3_NSS/
PA4 HDPO ; TIM5_ETR ] SA4_D2 28T WS 253 ws | USART2_CK
TIM2_CH1/ SPI1_SCK/I2S1
PA5 ) M7 ETR ; TIM8_CHIN | SAl4_CK1 o ] ]
PAG ) TIMI_BKIN | TIM3_CH1 TIM8_BKIN SAl4_ckz | SPM_MISO/ ] ]
1281_SDI
Port A
SPI1_MOSI/
PA7 ; TIMI_CHIN | TIM3.CH2 | TIM8_CHIN SAl4_ D1 28T 800 ] ]
SPI3_MOSI/
PAS MCO1 TIM1_CH1 ; TIM8_BKIN2 | 12C3_SCL 555 800 ] USART1_CK
SPI2_SCK/
PA9 ) TIM1_CH2 ] ; 12C3_SMBA 283 Ok ] USART1_TX
SPI3_NSS/
PA10 ) TIM1_CH3 ; ; ] 2S5 WS ] USART1_RX
SPI2_NSS/ USART1_CTS/
PA11 ] TIM1_CH4 12C6_SCL ] 12C5_SCL o5 WS UART4_RX | 2R T-REd
USART1_RTS/
PA12 ) TIM1_ETR 12C6_SDA ; 12C5_SDA ] uaRTa_Tx | AT
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Table 8. Alternate function AF0 to AF7(") (continued)

AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7
SPI/I281/ SPI2/12S2/
SAI4/12C2/ SAI4/
Port TIM1/2/16/17/ | SAM/4/12C6/ TIMS/ 12C1/2/3/4/5/ gi:i;:gggj Ssﬂﬂ'/i/sj’ spg:zélse./
HDP/SYS/RTC | LPTIMA/SYS/ | TIM3/4/512/ | LPTIM2/3/4/5/ | USARTA/
SPI4/5/6/12C1/ | 12C4/UART4/ | USARTA/2/3/6/
RTC HDP/SYS DFSDM1 | TIMA5/LPTIM2/
oo | THISLETN2 | spmmC13/ DFSDM1 UART7/
CEC SDMMC2
PA13| DBTRGO DBTRGI MCO1 - - - - -
bora | PA14|  DBTRGO DBTRGI MCO2 - A - A -
TIM2_CH1/ SDMMC1_ SPI1_NSS/ | SPI3_NSS/
PA15|  DBTRGI o SAI4_D2 e CEC ST WS o5 WS SPI6_NSS
DFSDM1_
PBO ] TIM1_CH2N | TIM3_CH3 | TIM8_CH2N ] ] il ]
DFSDM1_
PB1 ] TIM1_CH3N | TIM3_ CH4 | TIM8_CH3N ; ] e }
DFSDM1_ SPI3_MOSI/
PB2 | TRACED4 RTC_OUT2 SAI1_D1 ot USART1 RX | 12S_CKIN sanspa | IO
SPI1_SCK/ | SPI3_SCK/
PB3 | TRACED9 TIM2_CH2 ] ] SAI4_CK1 26T oK 95 Ok ]
SPI1_MISO/ | SPI3_ MISO/ | SPI2 NSS/
PB4 | TRACEDS | TIM16_BKIN | TIM3 CH1 ] SAl4_CK2 287 S 253 bl 65 WS
Port B SPI1_MOSI/ SPI3_MOSI/
PB5 | ETH CLK | TIMI7.BKIN | TIM3_CH2 SAl4_D1 2c1_smA | Sogr'aRe’ | recasmea | PCHO
PB6 - TIM16_CHIN | TIM4_CH1 ] 12C1_SCL CEC 12C4_SCL | USART1_TX
PB7 - TIM17_CHIN | TIM4_CH2 i 12C1_SDA - 12C4_SDA | USART1 RX
DFSDM1_ SDMMC1_ SDMMC2_
PBS HDP6 TIM16_CH1 | TIM4 CH3 o 12C1_SCL N 12C4_SCL N
DFSDM1_ SPI2_NSS/ SDMMC2._
PBY HDP7 TIM17 CH1 | TIM4_CH4 v 12C1_SDA o5 WS 12C4_SDA S
SPI2_SCKI/ DFSDM1_
PB10 ) TIM2_CH3 ) LPTIM2_IN1 12C2_SCL 285 oK o USART3_TX
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Table 8. Alternate function AF0 to AF7(") (continued)

AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7
SPI1/12S1/ SPI2/12S2/
SAI4/12C2/ SAl4/
Port TIM1/2116M7/ | SAM/4N2C6/ TIMS/ 12C1/2/3/4/5/ gi:i;:gggj Ssﬂﬂ'/i/sj’ spg:zélse./
HDP/SYS/RTC | LPTIMA/SYS/ | TIM3/4/5/12/ | LPTIM2/3/4/5/ USART1/
SPI4/5/6/12C1/ | 12C4/UART4/ | USART1/2/3/6/
RTC HDP/SYS DFSDM1 | TIM15/LPTIM2/
/SOMMC1 | DESDM1/CEG | SPMMC1/3/ DFSDM1 UART7/
CEC SDMMC2
PB11 - TIM2_CH4 - LPTIM2_ETR | 12C2_SDA - D';SK?,[\I";— USART3_RX
SPI2_NSS/ DFSDM1_
PB12 - TIM1_BKIN 12C6_SMBA - 12C2_SMBA 295 WS DATING USART3_CK
DFSDM1_ SPI2_SCK/ DFSDM1_ | USART3 CTS/
Port B | PB13 . TIM1_CH1N . CKOUT LPTIMZ_OUT 1282_CK CKIN1 USART3_NSS
SPI2_MISO/ DFSDM1_ | USART3_RTS/
PB14 . TIM1_CH2N | TIM12_CH1 | TIM8_CH2N | USART1_TX 1262, SDI DATING USART3 DE
SPI2_MOSI/ DFSDM1_
PB15| RTC_REFIN | TIM1_CH3N | TIM12 CH2 | TIM8 CH3N | USART1 RX 1287 SDO CKING -
DFSDM1_ DFSDM1_
PCO - - - CKINO LPTIM2_IN2 - DATING -
DFSDM1_ DFSDM1_ SPI2_MOSI/
PC1 | TRACEDO ; SAI1_D1 DATING CKING 283 SDO SAI1_SD_A ;
bC2 ] ] ] DFSDM1_ ] SPI2_MISO/ DFSDM1_ ]
CKIN1 12S2_SDI CKOUT
DFSDM1_ SPI2_MOSI/
Port C | PC3 | TRACECLK - - DATINY - 28 SDO - -
DFSDM1_
PC4 - - - CKIND ; 12S1_MCK ; -
DFSDM1_
PC5 - - SAI1_D3 CATIN SAl4_D4 - SAI1_D4 -
PC6 HDP1 - TIM3_CH1 TIM8_CH1 DESKEI)Q";— 12S2_MCK - USART6_TX
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Table 8. Alternate function AF0 to AF7(") (continued)

AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7
SPI/1251/ SPI2/1252/
SAI4/12C2/ SAl4/
Port TIM1/2/16/17/ | SAM/4/12C6/ TIMS/ 12C1/2/3/4/5/ gi:i;:gggj Ssﬂﬁ'/i/sj’ spg:zélse./
HDP/SYS/RTC | LPTIMA/SYS/ | TIM3/4/5112/ | LPTIM2/3/4/5/ | USARTA/
SPI4/5/6/12C1/ | 12C4/UART4/ | USARTA/2/3/6/
RTC HDP/SYS DFSDM1 | TIMA5/LPTIM2/
oo | THISLETN2 | spmmC13/ DFSDM1 UART7/
CEC SDMMC2
PC7 HDP4 ] TIM3_CH2 TIM8_CH2 DFSDM1_ ] 1283 MCK | USART6 RX
— — DATIN3 - -
PC8 | TRACEDO - TIM3_CH3 TIM8_CH3 A - UART4 TX | USART6_CK
PCO | TRACED1 - TIM3_CH4 TIM8_CH4 12C3_SDA 12S_CKIN - -
DFSDM1_ SPI3_SCK/
PC10| TRACED2 ] ; il ] ] 255 Gt USART3_TX
Port C DFSDM1_ SPI3_MISO/
PC11| TRACED3 ] ] T i ] 253 Sp| | USARTSRX
SPI3_MOSI/
PC12| TRACECLK MCO2 SAI4_D3 ] ; ] 567 800 | USART3_CK
PC13 - - - - A - A -
PC14 - - - - - - - -
PC15 - - - - i - i -
DFSDM1_
PDO ] ] 12C6_SDA it 12C5_SDA ; SAI3_SCK_A ]
DFSDM1_
PD1 ) ] 12C6_SCL e 12C5_SCL ] SAI3_SD_A ;
o | PP2 - A TIM3_ETR - 12C5_SMBA - UART4_RX -
ort
. DPS ] ] DFSDM1_ ] SPI2_SCKI/ DFSDM1_ | USART2 CTS/
CKOUT 1282 CK DATINO USART2_NSS
USART2_RTS/
PD4 ) ; - - - - SABFS A 1 "UsarT2 DE
PD5 - - - - A - A USART2_TX
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Table 8. Alternate function AF0 to AF7(") (continued)

AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7
SPI/I281/ SPI2/12S2/
SAI4/12C2/ SAI4/
Port TIM1/2/16/17/ | SAM/4/12C6/ TIMS/ 12C1/2/3/4/5/ glﬁ:i;:gggj Ssﬂﬂ'/i/sj’ spg:zélse./
HDP/SYS/RTC | LPTIMA/SYS/ | TIM3/4/512/ | LPTIM2/3/4/5/ | USARTA/
SPI4/5/6/12C1/ | 12C4/UART4/ | USARTA/2/3/6/
RTC HDP/SYS DFSDM1 | TIMA5/LPTIM2/
oo | THISLETN2 | spmmC13/ DFSDM1 UART7/
CEC SDMMC2
DFSDM1_ DFSDM1__ | SPI3_MOSI/
PD6 ] TIM16_CHIN |  SAI1_D1 vl e 255 Spo | SAIT_SDA | USARTZ_RX
DFSDM1_ DFSDM1_
PD7 | TRACEDG ] ; e 12C2_SCL ] o USART2_CK
DFSDM1_
PD8 ) ] ) oo ] ] SAI3_SCK_B | USART3_TX
DFSDM1_
PD9 ) ] ) N i ] SAI3 SD B | USART3 RX
Port D ] DFSDM1_ SPI3_MISO/
PD10| RTC_REFIN | TIM16_BKIN i 12C5_SMBA 253 Soi SAI3_FS B | USART3 CK
USART3_CTS/
PD11 ] ] ] LPTIM2_IN2 | 12C4 SMBA | 12C1_SMBA ) JoARTT NS
USART3_RTS/
PD12 ] LPTIM1_INT | TIM4 CH1 | LPTIM2_ IN1 12C4_SCL 12C1_SCL ] USARTS. DE
PD13 ; LPTIM1_OUT | TIM4_CH2 ] 12C4_SDA 12C1_SDA 12S3_MCK A
PD14 i ] TIM4_CH3 i a - SAI3_MCLK_B i
PD15 i - TIM4_CH4 ] - - SAI3_MCLK_A ]
PEO ] LPTIM1 ETR | TIM4 ETR ] LpTiM2 ETR | SPIBSCK | spi4 MeLK B ]
- - - 12S3_CK _MCLK_
Port E | PE1 - LPTIM1_IN2 - - - 12S2 MCK | SAI3 SD_B -
PE2 | TRACECLK - SAI1_CK1 - 12C4_SCL SPI4_SCK | SA1_MCLK_A -
PE3 | TRACEDO - i - TIM15_BKIN - SAI1_SD_B -
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Table 8. Alternate function AF0 to AF7(") (continued)

AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7
SPI/1251/ SPI2/1252/
SAI4/12C2/ SAl4/
Port TIM1/2/16/17/ | SAM/4/12C6/ TIMS/ 12C1/2/3/4/5/ gi:i;:gggj Ssﬂﬁ'/i/sj’ spg:zélse./
HDP/SYS/RTC | LPTIMA/SYS/ | TIM3/4/5112/ | LPTIM2/3/4/5/ | USARTA/
SPI4/5/6/12C1/ | 12C4/UART4/ | USARTA/2/3/6/
RTC HDP/SYS DFSDM1 | TIMA5/LPTIM2/
oo | THISLETN2 | spmmC13/ DFSDM1 UART7/
CEC SDMMC2
DFSDM1_ SDMMC2_
PE4 | TRACED1 ] SAI1_D2 N TIM15_ CHIN | SPI4 NSS | SAM FS A AN
DFSDM1_ SDMMC2_
PE5 | TRACED3 ; SAI_CK2 il TIMI5_CH1 | SPI4_MISO | SAI1_SCK A e
PE6 | TRACED2 | TIM1_BKIN2 SAI1_D1 - TIM15_CH2 | SPI4 MOSI | SANM SD A | SDMMC2 DO
DFSDM1_
PE7 ] TIM1_ETR TIM3_ETR e i ] i UART7 RX
DFSDM1_
PES ) TIM1_CHAN ; v i ] i UART7_TX
DFSDM1_ UART7_RTS/
PE9 . TIM1_CH?1 . CKOUT ) ) ) UART7_DE
PortE DFSDM1
PE10 ] TIM1_CH2N ; s ] ] ] UART7 CTS
DFSDM1_
PE11 ] TIM1_CH2 ] vl ] SPI4_NSS ] USART6_CK
DFSDM1_
PE12 ; TIM1_CH3N ) e ] SPI4_SCK ] ]
DFSDM1_
PE13 HDP2 TIM1_CH3 ] oo ] SPI4_MISO ] }
PE14 - TIM1_CH4 - - A SPI4_MOSI i -
USART2_CTS/
PE15 HDP3 TIM1_BKIN ; ] TIM15_BKIN ; ] JoARTZ NS
PFO - - - - 12C2_SDA - A -
Port F
PF1 - - - - 12C2_SCL - A -
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Table 8. Alternate function AF0 to AF7(") (continued)

AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7
SPI/1281/ SPI2/12S2/
Port TIM1/2/1617/ | SAM/4/12C6/ SATI?I%?” |2c1s/§;g;4/5/ gi:i;:gggj Ssﬂﬁ'/i/sj’ spg:zélse./
HDPISYSIRTC | LPTIN/SYS/ | TIM3/4/5M2/ | LPTIM2/3/4/5 | USARTY/ | (SESIESS | SEHSHY ) SEIS
RTC HDP/SYS /233.[’.\,."31 TD"l‘:";g’“:':/Té“é'é’ SDMMC1/3/ DFSDM1 UART7/
CEC SDMMC2
PF2 - - - - 12C2_SMBA - ] -
PF3 - - - - - - - -
PF4 - - - - - - - USART2_RX
PF5 - - - - - - - USART2_TX
PF6 - TIM16_CH1 - - - SPI5_ NSS | SAM_SD B | UART7 RX
PF7 - TIM17_CH1 - - ] SPI5_SCK | SA1_MCLK B | UART7_TX
PF8 | TRACED12 | TIM16_CHIN - ; ; SPI5_MISO | SAM_SCK_B USEFI%_RJS’
PortF | pFg | TRACED13 | TIM17_CHIN - - - SPI5_MOSI | SAM_FS_B | UART7 CTS
PF10 - TIM16_BKIN | SAI1_D3 SAl4_D4 - - SAI1_D4 -
PF11 - - - - - SPI5_MOSI - -
PF12| TRACED4 - - - ] - ] -
PF13| TRACEDS ; ; Dgiﬁ'\,\’j'g— 12C4_SMBA | 12C1_SMBA Dgiﬂ'\,\’j';— -
PF14| TRACED6 . - D';i?&’g— 12C4_SCL 12C1_SCL ] .
PF15| TRACED? - - - 12C4_SDA 12C1_SDA - -
PGO | TRACEDO ; - D;i%m_ ; - ; -
PortG "og1 | TRACED1 - - - - - - -
PG2 | TRACED2 MCO2 - TIM8_BKIN - - - -

a/veSLdINZENLS
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Table 8. Alternate function AF0 to AF7(") (continued)

AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7
SPI/I281/ SPI2/12S2/
SAI4/12C2/ SAI4/
Port TIM1/2/16/17/ | SAM/4/12C6/ TIMS/ 12C1/2/3/4/5/ gi:i;:gggj Ssﬂﬁ'/i/sj’ spg:zélse./
HDP/SYS/RTC | LPTIMA/SYS/ | TIM3/4/512/ | LPTIM2/3/4/5/ | USARTA/
SPI4/5/6/12C1/ | 12C4/UART4/ | USARTA/2/3/6/
RTC HDP/SYS DFSDM1 | TIMA5/LPTIM2/
oo | THISLETN2 | spmmC13/ DFSDM1 UART7/
CEC SDMMC2
DFSDM1_
PG3 | TRACED3 ] ; TIM8_BKIN2 o ] i ]
PG4 i TIM1_BKIN2 i - A - A -
PG5 i TIM1_ETR - i a - a -
PG6 | TRACED14 | TIM17_BKIN - i - - - -
PG7 | TRACEDS - A - - i SAI1_MCLK_A | USART6_CK
TIM2_CH1/ USART6_RTS/
PG8 | TRACED!S | p\2-PHY ETH_CLK TIM8_ETR ] SPI6_NSS SAl4_D2 USARTS. DE
oot | PG9 | DBTRGO - i - - - - USART6_RX
PG10| TRACED10 ] - ] A - A -
PG11| TRACED11 ] - ] USART1_TX - UART4_TX -
USART6_RTS/
PG12 ; LPTIM1_INA ; ] ] sPie_MISO | sau_ckz | | EEE
USART6_CTS/
PG13| TRACEDO | LPTIM1 OUT | SAI1_CK2 ] SAl4_CK1 SPI6_SCK | SAI_SCK_A | [2uRro-Ked
PG14| TRACED1 | LPTIM1_ETR - i ] SPI6_MOSI SAI4_D1 USART6_TX
USART6_CTS/
PG15| TRACED? ] SAI1_D2 ] 12C2_SDA ] SAH_FS A | earTa Noe
PHO - ] - ] i - i -
Port H | PH1 - i - - i - - -
PH2 i LPTIM1_IN2 i A A - A -
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Table 8. Alternate function AF0 to AF7(") (continued)

AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7
SPI/1281/ SPI2/12S2/
Port TIM1/2/1617/ | SAM/4/12C6/ SATI?I%?” |2c1s/§;g;4/5/ gi:i;:gggj Ssﬂﬁ'/i/sj’ spg:zélse./
HDP/SYS/RTC "PT'RMT1C’;SYS’ TL':"SF'»?Q'(LZ' "Pgl':“"s"gmlsl TIM‘ﬁf‘L'T,TTKM SPI4/5/6/12C1/ | 12C4/UART4/ | USART1/2/3/6/
oo | THISLETN2 | spmmC13/ DFSDM1 UART7/
CEC SDMMC2
PH3 - - - D'Z:SKEI)Ii\lT_ ) ) ) )
PH4 - - - - 12C2_SCL - - -
PH5 - - - - 12C2_SDA SPI5_NSS - -
PH6 - - TIM12_CH1 - 12C2_SMBA | SPI5_SCK - -
PH7 - i - i 12C3_SCL | SPI5_MISO - -
PH8 - - TIM5_ETR - 12C3_SDA - i -
PortH I"pg - - TIM12_CH2 - 12C3_SMBA - - -
PH10 - - TIM5_CH1 - 12C4_SMBA | 12C1_SMBA - -
PH11 - - TIM5_CH2 - 12C4_SCL 12C1_SCL - -
PH12|  HDP2 - TIM5_CH3 - 12C4_SDA 12C1_SDA - -
PH13 - - - TIM8_CH1N ] - ] -
PH14 - - - TIM8_CH2N - - - -
PH15 - - - TIM8_CH3N - - ] -
PIO - ] TIM5_CH4 ] ] S]ZEZQ—_NV??/ ] -
PI1 - - - TIM8_BKIN2 ; 3252—_385/ ] -
Port| SPI2_MISO/
PI2 ; ; ; TIM8_CH4 ; 253 S| ; -
PI3 - . - TIM8_ETR ] Slggz—_'\ggg‘” ] -
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Table 8. Alternate function AF0 to AF7(") (continued)

AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7
SPI/1251/ SPI2/1252/
SAI4/12C2/ SAl4/
Port TIM1/2/16/17/ | SAM/4/12C6/ TIMS/ 12C1/2/3/4/5/ gi:i;:gggj Ssﬂﬁ'/i/sj’ spg:zélse./
HDP/SYS/RTC | LPTIMA/SYS/ | TIM3/4/5112/ | LPTIM2/3/4/5/ | USARTA/
SPI4/5/6/12C1/ | 12C4/UART4/ | USARTA/2/3/6/
RTC HDP/SYS DFSDM1 | TIMA5/LPTIM2/
oover | DrasLeTRa | spMMC1r3) DFSDM1 UART7/
CEC SDMMC2
P4 ; - ; TIM8_BKIN - - _ -
PI5 - - - TIM8_CH1 - - - -
PI6 i - i TIM8_CH2 - - - -
PI7 - - - TIM8_CH3 A - A -
PIg - - ; - - - - -
PI9 HDP1 ] } ] : ) _ }
Port |
PI10 HDPO - ; ) ) : _ }
PI11 MCO1 A - A - 12S_CKIN ) )
P2 | TRACEDO A HDPO ] ] ) ) :
P13 | TRACED1 - HDP1 - ] ) ) }
P14 | TRACECLK ] ) ] ] : ) )
PI15 - - ; i i - - -
PJO | TRACEDS - ] ) ) ] ) }
PJ1 | TRACED9 - i _ ] : } }
PJ2 | TRACED10 - i _ ) ) ) ;
PJ3 | TRACED11 - ) ] ) : ) :
Port J
PJ4 | TRACED12 ] ) ] ] ) ) }
PJ5 | TRACED2 - HDP2 A } ) ) ;
PJ6 | TRACED3 - HDP3 TIM8_CH2 ] ; ) }
PJ7 | TRACED13 - - TIM8_CH2N _ ; ) }
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Table 8. Alternate function AF0 to AF7(") (continued)

AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7
SPI/1251/ SPI2/1252/
SAI4/12C2/ SAl4/
Port TIM1/2/16/17/ | SAM/4/12C6/ TIMS/ 12C1/2/3/4/5/ gi:i;:gggj Ssﬂﬁ'/i/sj’ spg:zélse./
HDP/SYS/RTC | LPTIMA/SYS/ | TIM3/4/5112/ | LPTIM2/3/4/5/ | USARTA/
SPI4/5/6/12C1/ | 12C4/UART4/ | USARTA/2/3/6/
RTC HDP/SYS DFSDM1 | TIMA5/LPTIM2/
oo | THISLETN2 | spmmC13/ DFSDM1 UART7/
CEC SDMMC2
PJ8 | TRACED14 | TIM1_CH3N ; TIM8_CH1 - - - -
PJ9 | TRACED15 | TIM1_CH3 - TIM8_CHA1N A - - -
PJ10 - TIM1_CH2N - TIM8_CH2 A SPI5_MOSI i -
PJ11 - TIM1_CH2 i TIM8_CH2N A SPI5_MISO - -
Port J
PJ12 - - - - A - A -
PJ13 - i - i i - i -
PJ14 i - i - A - A -
PJ15 - i - i ] - ] -
PKO i TIM1_CH1N - TIM8_CH3 - SPI5_SCK - -
PK1 | TRACED4 TIM1_CH1 HDP4 TIM8_CH3N - SPI5_NSS - -
PK2 | TRACED5 TIM1_BKIN HDP5 TIM8_BKIN A - A -
PK3 - ] - ] i - i -
Port K
PK4 i - i - A - A -
PK5 | TRACED6 - HDP6 A - - - -
PK6 | TRACED? - HDP7 - A - A -
PK7 i - i - - - - -
SPI1_SCK/
PZ0 ; ] 12C6_SCL 12C2_SCL ] 28T Ok ] USART1_CK
Port Z
PZ1 ] ] 12C6_SDA 12C2_SDA 12C5_SDA SlF;I;TMsl,glo/ 12C4 SDA | USART1 RX
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Table 8. Alternate function AF0 to AF7(") (continued)

AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7
SPI/I281/ SPI2/12S2/
SAI4/12C2/ SAI4/
Port TIM1/2/16/17/ | SAM/4/12C6/ TIMS/ 12C1/2/3/4/5/ glﬁ:i;:gggj Ssﬂﬂ'/i/sj’ spg:zélse./
HDP/SYS/RTC | LPTIMA/SYS/ | TIM3/4/512/ | LPTIM2/3/4/5/ | USARTA/
SPI4/5/6/12C1/ | 12C4/UART4/ | USARTA/2/3/6/
RTC HDP/SYS DFSDM1 | TIMA5/LPTIM2/
oo | THISLETN2 | spmmC13/ DFSDM1 UART7/
CEC SDMMC2
pZ2 ] ] 12C6_SCL 1262 scL | 12c5 smBa | SPHMMOSV 1 o0s smBa | USARTY TX
= = = 12S1_SDO - -
SPI1_NSS/ USART1_CTS/
PZ3 ; ] 12C6_SDA 12C2_SDA 12C5_SDA ST WS 264 SDA | JART T N
bort 7 | PZ4 - ] 12C6_SCL 12C2_SCL 12C5_SCL ] 12C4_SCL -
USART1_RTS/
PZ5 i ] 12C6_SDA 12C2_SDA 12C5_SDA ] 1264 SDA | (Erert e
PZ6 A - 12C6_SCL I2C2 SCL | USART1 CK | 12S1 MCK | 12C4 SMBA | USART1 RX
PZ7 A A 12C6_SDA 12C2_SDA A - A USART1_TX

1.

Refer to Table 9 for AF8 to AF15.
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Table 9. Alternate function AF8 to AF15(1)

AFS AF9 AF10 AF11 AF12 AF13 AF14 AF15
SAI2/4/
SPIG/SAI2l | FDCAN1/2/
Port USART3/ TIM13/14/ QUIQL:‘VIDCSIP” gﬁigg.’/ SAM/UARTS/ | oo
UART4/5/8/ | QUADSPI/ FMC/SDMMCA/ UART5/LCD SYs
SDMMC2/3/ | SDMMC1/ LCD/RNG
SDMMC1/2/ | SDMMC2/3/ el ol MDIOS
SPDIFRX | LCDISPDIFRX | o o-18
ETH1_GMIL_
PAO | UART4 TX |SDMMC2 CMD| SAI2 SD B CRS/ i ] i EVENTOUT
ETH1_MIl_CRS
ETH1_GMIl_RX
LK/
ETHT_MII_RX_
QUADSPI_ CLK/
PA1 | UART4 RX BK1 103 | SA2MCLK B | L PRt i ] LCD_R2 EVENTOUT
RX_CLK/
ETH1_RMII_
REF_CLK
PA2 | SAI2 SCK B ] s%nglglgz_ ETH1_MDIO | MDIOS_MDIO ] LCD_R1 EVENTOUT
Port A ETH1_GMIL_
PA3 ) LCD_B2 ; CcoL/ ] } LCD_B5 EVENTOUT
ETH1_MIl_COL
PA4 | SPI6_NSS - - - SAI4_FS_A | DCMI_HSYNC | LCD_VSYNC | EVENTOUT
PA5 | SPI6_SCK A i A SAI4_MCLK_A - LCD_R4 EVENTOUT
PA6 | SPIE_MISO | TIM13_CH1 - MDIOS_MDC | SAl4_SCK_A | DCMI_PIXCLK |  LCD_G2 EVENTOUT
ETH1_GMIl_RX
Y
ETH1_MIl_RX_
DV/
PA7 | SPIG_MOSI | TIM14_CH1 |QUADSPILCLK | p,.Proy | SAI4_SD_A ] ; EVENTOUT
RX_CTL/
ETHA_RMII_
CRS_ DV
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Table 9. Alternate function AF8 to AF15(") (continued)

AFS AF9 AF10 AF11 AF12 AF13 AF14 AF15
SAI2/4/
SPIG/SAI2/ | FDCANA1/2/
Port USART3/ TIM13/14/ QUIQ‘VIDép” ggigg;: | sAmuaRTs [
UART4/5/8/ | QUADSPI/ FMC/SDMMCA/ UARTS/LCD SsYs
SDMMC2/3/ | SDMMC1/ LCD/RNG
SDMMC1/2/ | SDMMC2/3/ el ol MDIOS
SPDIFRX | LCDISPDIFRX | o o-18
SDMMC2_ OTG_FS_SOF/
PAS AN soMmC2 D4 | gre ot ] SAI4 SD B | UART7 RX LCD_R6 EVENTOUT
PA9 SDC'\;"D'VI'?— ; SDMMC2_D5 } ) DCMI_DO LCD_R5 EVENTOUT
PA10 - - - MDIOS_MDIO | SAl4_FS B DCMI_D1 LCD_B1 EVENTOUT
Port A | PAT1 - FDCAN1_RX - - - - LCD_R4 EVENTOUT
PA12| SAI2 FS B | FDCANT TX i - - - LCD_RS5 EVENTOUT
PA13| UART4 TX - i - A - A EVENTOUT
PA14 i - i - A - - EVENTOUT
UART4_RTS/ SDMMC2_
PA1S | JiRri pe | SDMMC2.DS i SDMMC1 D5 | SAI4 FS.A | UART7 TX LCD_R1 EVENTOUT
ETH1_GMIL_
RXD2/
ETH1_MII
PBO | UART4 CTS LCD_R3 ] Fishl= | MDIOS_MDIO ] LCD_G1 EVENTOUT
ETH1_RGMII_
RXD2
ETH1_GMII_
Port B RXD3/
PB1 ] LCD_R6 ] ET:QBZ'/”— MDIOS_MDC ] LCD_GO EVENTOUT
ETH1_RGMII_
RXD3
PB2 | UART4 RX | QUADSPI CLK - - A - A EVENTOUT
PB3 | SPI6_SCK | SDMMC2 D2 i - SAI4_MCLK_A | UART7 RX - EVENTOUT
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Table 9. Alternate function AF8 to AF15(") (continued)

Port

AF8

AF9

AF10

AF11

AF12

AF13

AF14

AF15

SPI6/SAI2/
USART3/
UARTA4/5/8/
SDMMC1/2/
SPDIFRX

FDCAN1/2/
TIM13/14/
QUADSPI/
SDMMC2/3/
LCD/SPDIFRX

SAI2/4/
QUADSPI/
FMC/
SDMMC2/3/
OTG_FS/
OTG_HS

DFSDM1/
QUADSPI/
SDMMC1/

MDIOS/ETHA1

SAI4/UARTS/
FMC/SDMMC1/
MDIOS

UART7/DCMI/
LCD/RNG

UARTS5/LCD

SYS

PB4

SPI6_MISO

SDMMC2_D3

SAl4_SCK_A

UART7_TX

EVENTOUT

PB5

SPI6_MOSI

FDCAN2_RX

SAl4_SD_A

ETH1_PPS_
ouT

UART5_RX

DCMI_D10

LCD_G7

EVENTOUT

PB6

FDCAN2_TX

QUADSPI_BK1
_NCS

DFSDM1_
DATIN5

UARTS_TX

DCMI_D5

EVENTOUT

PB7

SDMMC2_D1

DFSDM1_
CKIN5

FMC_NL

DCMI_VSYNC

EVENTOUT

PB8

Port B

UART4_RX

FDCAN1_RX

SDMMC2_D4

ETH1_GMII_
TXD3/
ETH1_MIl_
TXD3/
ETH1_RGMII_
TXD3

SDMMC1_D4

DCMI_D6

LCD_B6

EVENTOUT

PB9

UART4_TX

FDCAN1_TX

SDMMC2_D5

SDMMC1_CDI
R

SDMMC1_D5

DCMI_D7

LCD_B7

EVENTOUT

PB10

QUADSPI_
BK1_NCS

ETH1_GMII_
RX_ER/
ETH1_MIl_
RX_ER

LCD_G4

EVENTOUT

PB11

ETH1_GMII_
TX_EN/
ETH1_MIl_
TX_EN/
ETH1_RGMII_
TX_CTL/
ETH1_RMII_
TX_EN

LCD_G5

EVENTOUT
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Table 9. Alternate function AF8 to AF15(") (continued)

Port

AF8

AF9

AF10

AF11

AF12

AF13

AF14

AF15

SPI6/SAI2/
USART3/
UARTA4/5/8/
SDMMC1/2/
SPDIFRX

FDCAN1/2/
TIM13/14/
QUADSPI/
SDMMC2/3/
LCD/SPDIFRX

SAI2/4/
QUADSPI/
FMC/
SDMMC2/3/
OTG_FS/
OTG_HS

DFSDM1/
QUADSPI/
SDMMC1/

MDIOS/ETHA1

SAI4/UARTS/

FMC/SDMMC1/

MDIOS

UART7/DCMI/
LCD/RNG

UARTS5/LCD

SYS

PB12

USART3_RX

FDCAN2_RX

ETH1_GMII_
TXDO/
ETH1_MIl_
TXDO/
ETH1_RGMII_
TXDO/
ETH1_RMII_
TXDO

UARTS5_RX

EVENTOUT

Port B

PB13

FDCAN2_TX

ETH1_GMII_
TXD1/
ETH1_MIl_
TXD1/
ETH1_RGMII_
TXD1/
ETH1_RMII_
TXD1

UART5_TX

EVENTOUT

PB14

SDMMC2_D0

EVENTOUT

PB15

SDMMC2_D1

EVENTOUT

PCO

SAI2_FS B

QUADSPI_BK2
_NCS

LCD_R5

EVENTOUT

PC1

SDMMC2_CK

ETH1_MDC

MDIOS_MDC

EVENTOUT

Port C

PC2

ETH1_GMII_
TXD2/
ETH1_MIl_
TXD2/
ETH1_RGMII_
TXD2

DCMI_PIXCLK

EVENTOUT
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Table 9. Alternate function AF8 to AF15(") (continued)

AFS AF9 AF10 AF11 AF12 AF13 AF14 AF15
SAI2/4/
SPIG/SAI2l | FDCAN1/2/
Port USART3/ TIM13/14/ QUIQL:‘VIDCSIP” gﬁigg.’/ SAM/UARTS/ | oo
UART4/5/8/ | QUADSPI/ FMC/SDMMCA/ UART5/LCD SYs
SDMMC2/3/ | SDMMC1/ LCD/RNG
SDMMC1/2/ | SDMMC2/3/ el ol MDIOS
SPDIFRX | LCDISPDIFRX | o o-18
ETH1_GMIL_
TX CLK/
PC3 ; ] ; EThn ML i ] i EVENTOUT
TX_CLK
ETH1_GMIL_
RXDO/
ETH1_MII_
RXDO/
PC4 ) SPDIFRX_IN3 i ETHY ROMIL i ] i EVENTOUT
RXDO/
ETH1_RMII_
RXDO
ETH1_GMIL_
RXD1/
Port C ETH1_MII_
PC5 ] SPDIFRX_IN4 ] RXD1/ SAl4 D3 ; ] EVENTOUT
- ETH1_RGMII_ -
RXD1/
ETH1_RMII_
RXD1
SDMMC1_ SDMMC2_
PC6 e e SDMMC2_D6 ] SDMMC1 D6 | DCMI.DO | LCD_HSYNC | EVENTOUT
SDMMC1_ SDMMC2_
per | SDUMSL DUMCZ- | sbmmc2_ b7 ] SDMMC1 D7 | DCMI_D1 LCD_G6 EVENTOUT
UART5_RTS/
PC8 | "1 D ] ] ] SDMMC1 DO | DCMI_D2 i EVENTOUT
PCY | UART5_CTS QUADlsg(')—Bm ; ] SDMMC1.D1 | DCMI_D3 LCD_B2 EVENTOUT
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Table 9. Alternate function AF8 to AF15(") (continued)

AFS AF9 AF10 AF11 AF12 AF13 AF14 AF15
SAI2/4/
SPIG/SAI2l | FDCAN1/2/
Port USART3/ TIM13/14/ QUIQL:‘VIDCSIP” ggigg;: | sAmuaRTs [
UART4/5/8/ | QUADSPI/ FMC/SDMMCA/ UART5/LCD SYs
SDMMC2/3/ | SDMMC1/ LCD/RNG
SDMMC1/2/ | SDMMC2/3/ el ol MDIOS
SPDIFRX | LCDISPDIFRX | o o-18
PC10| UART4 TX QBUQDIS‘OP:— SAI4_MCLK_B ] SDMMC1 D2 | DCMI_D8 LCD_R2 EVENTOUT
pc11| UART4 Rx | QUADSPL | ohi4 sck B ] SDMMC1.D3 | DCMI_D4 ] EVENTOUT
BK2_NCS
PortC [pc12| UARTS5_TX ] SAl4_SD_B ] SDMMC1_CK | DCMI_D9 i EVENTOUT
PC13 - - - - - - - EVENTOUT
PC14 i - i - A - A EVENTOUT
PC15 - - - - - - - EVENTOUT
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Table 9. Alternate function AF8 to AF15(") (continued)

AFS AF9 AF10 AF11 AF12 AF13 AF14 AF15
SAI2/4/
SPIG/SAI2l | FDCAN1/2/
Port USART3/ TIM13/14/ QUIQL:‘VIDCSIP” ggigg;: | sAmuaRTs [
UART4/5/8/ | QUADSPI/ FMC/SDMMCA/ UART5/LCD SYs
SDMMC2/3/ | SDMMC1/ LCD/RNG
SDMMC1/2/ | SDMMC2/3/ el ol MDIOS
SPDIFRX | LCDISPDIFRX | o o-18
DFSDM1_ FMC_AD2/
PDO | UART4_RX | FDCAN1_RX [SDMMC3_CMD| OfSDM] PG Do ] i EVENTOUT
DFSDM1_ FMC_AD3/
PD1 | UART4 TX | FDCAN1_TX | SDMMC3 DO oo PN Ds ] ] EVENTOUT
PD2 | UART5_RX ] i ] SDMMC1_CMD| DCMI_D11 - EVENTOUT
SDMMC1_ SDMMC2_
pos | SOMNMCL- | spmmcz o7 | SOMMEZ | spmmc1_p7 | FmMC_CLK DCMI_D5 LCD_G7 EVENTOUT
Port D | PD4 ] ] SDMMC3_D1 DEi?,E"J— FMC_NOE ] i EVENTOUT
PD5 i i SDMMC3_D2 i FMC_NWE ] - EVENTOUT
PD6 i ] i ] FMC_NWAIT | DCMI_D10 LCD_B2 EVENTOUT
PD7 i SPDIFRX_IN1 | SDMMC3_D3 - FMC_NET - - EVENTOUT
FMC_AD13/
PDS ; SPDIFRX_IN2 ) ] PG D15 ] LCD_B7 EVENTOUT
FMC_AD14/
PDY ; ] ; ] FMG D14 | DCMLHSYNC | LCD_BO EVENTOUT
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Table 9. Alternate function AF8 to AF15(") (continued)

AFS AF9 AF10 AF11 AF12 AF13 AF14 AF15
SAI2/4/
SPIG/SAI2l | FDCAN1/2/
Port USART3/ TIM13/14/ QUIQL:‘VIDCSIP” gﬁigg.’/ SAM/UARTS/ | oo
UART4/5/8/ | QUADSPI/ FMC/SDMMCA/ UART5/LCD SYs
SDMMC2/3/ | SDMMC1/ LCD/RNG
SDMMC1/2/ | SDMMC2/3/ el ol MDIOS
SPDIFRX | LCDISPDIFRX | o o-18
FMC_AD15/
PD10 ) ] ) ] PG D15 ] LCD B3 EVENTOUT
QUADSPI_ FMC_A16/
PD11 ; Bt 100 SAI2_SD_A ] MG OLE } ] EVENTOUT
QUADSPI_ FMC_A17/FMC
PD12 ) Bt 1o SAI2_ FS_A ] - ] ] EVENTOUT
PortD QUADSPI
PD13 ] BK1 103 | SAIZ_SCK.A ] FMC_A18 ] i EVENTOUT
FMC_ADO/
PD14| UARTS8_CTS ] ] ] PN DO ] ] EVENTOUT
FMC_AD1/
PD15| UART8_CTS ] ] ] Ly ; LCD_R1 EVENTOUT
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Table 9. Alternate function AF8 to AF15(") (continued)

AFS AF9 AF10 AF11 AF12 AF13 AF14 AF15
SAI2/4/
SPIG/SAI2/ | FDCANA1/2/
Port USART3/ TIM13/14/ QUIQL:‘VIDCSIP” gﬁigg.’/ SAM/UARTS/ | oo
UART4/5/8/ | QUADSPI/ FMC/SDMMCA/ UARTS/LCD SsYs
SDMMC2/3/ | SDMMCA/ LCD/RNG
SDMMC1/2/ | SDMMC2/3/ el ol MDIOS
SPDIFRX | LCDISPDIFRX | o o-18
PEO | UART8_RX - SAI2 MCLK_A - FMC_NBLO DCMI_D2 ; EVENTOUT
PE1 | UART8_TX - - - FMC_NBLA DCMI_D3 - EVENTOUT
ETH1_GMIL_
TXD3/
QUADSPI_ ETH1_MII_
PE2 ) BK1_ 102 ) LS FMC_A23 ] ] EVENTOUT
ETH1_RGMII_
Port E TXD3
PE3 - SDMMC2_CK A - FMC_A19 - - EVENTOUT
SDMMC1_
PE4 AN SDMMC2_D4 ; SDMMC1 D4 | FMC_A20 DCMI_D4 LCD_BO EVENTOUT
SDMMC1
PE5 WIVE— | spbmmc2_pe ; SDMMC1 D6 | FMC_A21 DCMI_D6 LCD_GO EVENTOUT
PE6 | SDMMC1_D2 - SAI2 MCLK_B - FMC_A22 DCMI_D7 LCD_G1 EVENTOUT
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Table 9. Alternate function AF8 to AF15(") (continued)

AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
SAI2/4/
SPI6/SAI2/ FDCAN1/2/
Port USART3/ TIM13/14/ QUIQL:‘VIDCSIP” ggigg;: | sAmuaRTs [
UART4/5/8/ QUADSPI/ FMC/SDMMC1/ UARTS5/LCD SYS
SDMMC2/3/ SDMMC1/ LCD/RNG
SDMMC1/2/ SDMMC2/3/ OTG ES/ MDIOS/ETHA MDIOS
SPDIFRX LCD/SPDIFRX OTG_HS
QUADSPI_ FMC_AD4/
PE7 ) ) BK2_100 ) FMC_D4 ) ) EVENTOUT
QUADSPI_ FMC_AD5/
PE8 ) ) BK2_101 ) FMC_D5 ) ) EVENTOUT
QUADSPI_ FMC_ADS6/
PE9 ) ) BK2_l02 ) FMC_D6 ) ) EVENTOUT
QUADSPI_ FMC_AD7/
PE10 - - BK2_103 - FMC. D7 - - EVENTOUT
Port E | PE11 - - SAI2_SD B - FMC_AD8/ DCMI_D4 LCD_G3 EVENTOUT
FMC_D8
SDMMC1_ FMC_ADY/
PE12 DODIR - SAI2_SCK_B - FMC. D9 - LCD_B4 EVENTOUT
FMC_AD10/
PE13 - - SAI2_FS_ B - FMC. D10 DCMI_D6 LCD_DE EVENTOUT
UART8 RTS/ SDMMC1_ FMC_AD11/
PE14| 7 ARTS. DE - SAI2_MCLK_B D123DIR FMC. D11 LCD_GO LCD CLK EVENTOUT
FMC_AD12/
PE15| UART8 CTS - FMC_NCE2 - FMC. D12 - LCD_R7 EVENTOUT
PFO - SDMMC3_DO0 SDg'&fﬁ?’— - FMC_AO - - EVENTOUT
Port F | PF1 - SDMMC3_CMD SDg"D'VI'?— - FMC_A1 - - EVENTOUT
SDMMC2_ SDMMC3_ SDMMC1_
PF2 - DODIR DODIR DODIR FMC_A2 - - EVENTOUT
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Table 9. Alternate function AF8 to AF15(") (continued)

AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
SAI2/4/
SPIG/SAI2/ | FDCANA1/2/
Port USART3/ TIM13/14/ QUIQ‘VIDép” ggigg;: | sAmuaRTs [
UART4/5/8/ | QUADSPI/ FMC/SDMMCA/ UARTS/LCD SsYs
SDMMC2/3/ | SDMMCA/ LCD/RNG
SDMMC1/2/ | SDMMC2/3/ el ol MDIOS
SPDIFRX | LCDISPDIFRX | o o-18
ETH1_GMIL_
PF3 ; ] ; CER FMC_A3 ; ] EVENTOUT
SDMMC3_
PF4 ) sommca D1 | SDUMES ; FMC_A4 ; ] EVENTOUT
PF5 - SDMMC3_D2 i - FMC_A5 - - EVENTOUT
QUADSPI_
PF6 ) 51 103 ) ] SAl4_SCK_B ; ] EVENTOUT
QUADSPI_
PF7 ) BK1_102 - - - - - EVENTOUT
QUADSPI_
e | P8 ; TIMA3_CH1 BK1_ 100 ] ] ] ] EVENTOUT
QUADSPI_
PE9 ] TIM14_CH1 51 11 ] i ] ] EVENTOUT
PF10 ; QUADSPI_CLK - A SAl4_D3 DCMI_D11 LCD_DE EVENTOUT
PF11 - - SAI2_SD_B - - DCMI_D12 LCD_G5 EVENTOUT
ETH1_GMIL_
PF12 ) ] ) o FMC_A6 ; ] EVENTOUT
ETH1_GMII_
PE13 ; ] ; ol FMC_A7 } ] EVENTOUT
ETH1_GMIL_
PE14 ) ] ) o FMC_A8 ] ] EVENTOUT
ETH1_GMIL_
Port F | PF15 ; ] ; e FMC_A9 ; ] EVENTOUT
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Table 9. Alternate function AF8 to AF15(") (continued)

AFS AF9 AF10 AF11 AF12 AF13 AF14 AF15
SAI2/4/
SPIG/SAI2l | FDCAN1/2/
Port USART3/ TIM13/14/ QUIQL:‘VIDCSIP” gﬁigg.’/ SAM/UARTS/ | oo
UART4/5/8/ | QUADSPI/ FMC/SDMMCA/ UART5/LCD SYs
SDMMC2/3/ | SDMMC1/ LCD/RNG
SDMMC1/2/ | SDMMC2/3/ el ol MDIOS
SPDIFRX | LCDISPDIFRX | o o-18
ETH1_GMIL_
PGO ) ] ) e FMC_A10 ] ] EVENTOUT
ETH1_GMIL_
PG1 ; ] ; e FMC_A11 ] ] EVENTOUT
ETH1_GMIL_
PG2 ) ] ) S FMC_A12 ] ] EVENTOUT
ETH1_GMIL_
PG3 ] ] ] e FMC_A13 ] ] EVENTOUT
ETH1_GMIL_
GTX_CLK/
PG4 ) ] ) ETin Romn | FMC_A14 ] ] EVENTOUT
Port G GTX_CLK
ETH1_GMIL_
CLK125/
PG5 ] ] ] eThi Rown | FMC_ATS ] ] EVENTOUT
CLK125
PG6 - ] SDMMC2_CMD ] i DCMI_D12 LCD_R7 EVENTOUT
UART8_RTS/ QUADSPI_
PG7 | arts bE | QUADSPLCLK ] 52 10 ] DCMI_D13 LCD_CLK EVENTOUT
USART3_RTS/ ETH1_PPS_
PGB | Jemrrs pe | SPPIFRXING | SAI4_FS_A oyt ] ] LCD_G7 EVENTOUT
QUADSPI_ FMC_NE2/FMC
PGS | SPDIFRX_IN4 | i SAI2 FS B ] oz DCMI_VSYNC |  LCD_R1 EVENTOUT
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Table 9. Alternate function AF8 to AF15(") (continued)

Port

AF8

AF9

AF10

AF11

AF12

AF13

AF14

AF15

SPI6/SAI2/
USART3/
UARTA4/5/8/
SDMMC1/2/
SPDIFRX

FDCAN1/2/
TIM13/14/
QUADSPI/
SDMMC2/3/
LCD/SPDIFRX

SAI2/4/
QUADSPI/
FMC/
SDMMC2/3/
OTG_FS/
OTG_HS

DFSDM1/
QUADSPI/
SDMMC1/

MDIOS/ETHA1

SAI4/UARTS/

FMC/SDMMC1/

MDIOS

UART7/DCMI/
LCD/RNG

UARTS5/LCD

SYS

PG10

UART8_CTS

LCD_G3

SAI2_SD_B

QUADSPI_
BK2_102

FMC_NE3

DCMI_D2

LCD_B2

EVENTOUT

PG11

SPDIFRX_IN1

ETH1_GMII_
TX_EN/
ETH1_MIl_
TX_EN/
ETH1_RGMII_
TX_CTL/
ETH1_RMII_
TX_EN

DCMI_D3

LCD_B3

EVENTOUT

PG12

SPDIFRX_IN2

LCD_B4

SAl4_SCK_A

ETH1_PHY_
INTN

FMC_NE4

LCD_B1

EVENTOUT

Port G

PG13

SAl4_MCLK_A

ETH1_GMII_
TXDO/
ETH1_MIl_
TXDO/
ETH1_RGMII_
TXDO/
ETH1_RMII_
TXDO

FMC_A24

LCD_RO

EVENTOUT

PG14

QUADSPI_
BK2_103

SAl4_SD_A

ETH1_GMII_
TXD1/
ETH1_MIl_
TXD1/
ETH1_RGMII_
TXD1/
ETH1_RMII_
TXD1

FMC_A25

LCD_BO

EVENTOUT

a/veSLdINZENLS
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Table 9. Alternate function AF8 to AF15(") (continued)

AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
SAI2/4/
SPIG/SAI2l | FDCAN1/2/
Port USART3/ TIM13/14/ QUIQ‘VIDép” gjigg;:/ SAM/UARTS/ | oo
UART4/5/8/ | QUADSPI/ FMC/SDMMCA/ UART5/LCD SYs
SDMMC2/3/ | SDMMCA/ LCD/RNG
SDMMC1/2/ | SDMMC2/3/ el ol MDIOS
SPDIFRX | LCDISPDIFRX | o o-18
Port G | PG15 - ; SDMMC3_CK ; - DCMI_D13 ; EVENTOUT
PHO - i - i ] - ] EVENTOUT
PHA - A - A A - A EVENTOUT
ETH1_GMIL_
PH2 ; Q;QDIS(;;— SAI2_SCK_B CRS/ ; ; LCD_RO EVENTOUT
_ ETH1_MIl_CRS
ETH1_GMIL_
PH3 ; QBUP?ZDISOP:— SAI2 MCLK_B CcoL/ ; ; LCD_R1 EVENTOUT
- ETH1_MIl_COL
PH4 - LCD_G5 - i A ] LCD_G4 EVENTOUT
PH5 - ] - ] SAl4_SD_B - - EVENTOUT
Port H ETH1_GMIL_
RXD2/
ETH1_MII_
PHB ; ] ; o MDIOS_MDIO | DCMI_D8 ] EVENTOUT
ETH1_RGMII_
RXD2
ETH1_GMIL_
RXD3/
ETH1_MII_
PH7 ] ] ; (S MDIOS_MDC | DCMI_D9 ] EVENTOUT
ETH1_RGMII_
RXD3
PH8 - i - i i DCMI_HSYNC |  LCD_R2 EVENTOUT
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Table 9. Alternate function AF8 to AF15(") (continued)

AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
SAIl2/4/
port | USARTS | Twasnal | QUADSPI | DFSOMI | gy |
UART4/5/8/ QUADSPI/ FMC/SDMMC1/ UARTS5/LCD SYS
SDMMC1/2/ SDMMC2/3/ Sg.I“.IIGM?:ZS/?I MSDIIDCI;IISI\IIIE.I:I'{” MDIOS LCD/RNG
SPDIFRX LCD/SPDIFRX OTG:HS

PH9 - - - - - DCMI_DO LCD_R3 EVENTOUT
PH10 - - - - - DCMI_D1 LCD_R4 EVENTOUT
PH11 - - - - - DCMI_D2 LCD_R5 EVENTOUT
PortH | PH12 - - - - - DCMI_D3 LCD_R6 EVENTOUT
PH13 UART4_TX FDCAN1_TX - - - - LCD_G2 EVENTOUT
PH14 UART4_RX FDCAN1_RX - - - DCMI_D4 LCD_G3 EVENTOUT
PH15 - - - - - DCMI_D1M11 LCD_G4 EVENTOUT
PIO - - - - - DCMI_D13 LCD_G5 EVENTOUT

PI1 - - - - - DCMI_D8 LCD_G6 EVENTOUT

PI2 - - - - - DCMI_D9 LCD_G7 EVENTOUT

PI3 - - - - - DCMI_D10 - EVENTOUT

P14 - - SAI2_MCLK_A - - DCMI_D5 LCD_B4 EVENTOUT

PI5 - - SAI2_SCK_A - - DCMI_VSYNC LCD_B5 EVENTOUT

Port | Pl6 - - SAI2_SD A - - DCMI_D6 LCD_B6 EVENTOUT
P17 - - SAI2_FS A - - DCMI_D7 LCD_B7 EVENTOUT

PI8 - - - - - - - EVENTOUT

PI9 UART4_RX FDCAN1_RX - - - - LCD_VSYNC EVENTOUT

ETH1_GMII_
PI10 Ldgﬁ';:rr%—_igss/ - - E'?Iii( 1—_E,\|;|{ I/I_ - - LCD_HSYNC EVENTOUT
RX_ER

a/veSLdINZENLS
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Table 9. Alternate function AF8 to AF15(") (continued)

AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
SAIl2/4/
port | USARTS | Twasnal | QUADSPI | DFSOMI | gy |
UARTA4/5/8/ QUADSPI/ FMC/SDMMC1/ UARTS5/LCD SYS
SDMMC1/2/ SDMMC2/3/ Sg.ll\_IIGMCi::ZS//?;I MSDIIDCI;’ISI\/II:.::” MDIOS LCD/RNG
SPDIFRX LCD/SPDIFRX OTG:HS

PI11 - LCD_G6 - - - - - EVENTOUT
Pl12 - - - - - - LCD_HSYNC EVENTOUT
Portl | PI13 - - - - - - LCD_VSYNC EVENTOUT
P14 - - - - - - LCD _CLK EVENTOUT
PI15 - LCD_G2 - - - - LCD_RO EVENTOUT
PJO - LCD_R7 - - - - LCD_R1 EVENTOUT

PJ1 - - - - - - LCD_R2 EVENTOUT

PJ2 - - - - - - LCD_R3 EVENTOUT

PJ3 - - - - - - LCD_R4 EVENTOUT

PJ4 - - - - - - LCD_R5 EVENTOUT

PJ5 - - - - - - LCD_R6 EVENTOUT

PJ6 - - - - - - LCD_R7 EVENTOUT
PortJ | PJ7 - - - - - - LCD_GO EVENTOUT
PJ8 UART8_TX - - - - - LCD_G1 EVENTOUT

PJ9 UART8_RX - - - - - LCD_G2 EVENTOUT
PJ10 - - - - - - LCD_G3 EVENTOUT
PJ11 - - - - - - LCD_G4 EVENTOUT
PJ12 - LCD_G3 - - - - LCD_BO EVENTOUT
PJ13 - LCD_G4 - - - - LCD_B1 EVENTOUT
PJ14 - - - - - - LCD_B2 EVENTOUT
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Table 9. Alternate function AF8 to AF15(") (continued)

AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
SAI2/4/
SPI6/SAI2/ FDCAN1/2/
Port USART3/ TIM13/14/ APl ggigg;: | sAmuaRTs [
UART4/5/8/ QUADSPI/ FMC/SDMMC1/ UARTS5/LCD SYS
SDMMC2/3/ SDMMC1/ LCD/RNG
SDMMC1/2/ | SDMMC2/3/ 0TG FS/ MDIOS/ETH MDIOS
SPDIFRX | LCDISPDIFRX | qre=pe
PortJ | PJ15 - - - - - - LCD_B3 EVENTOUT
PKO . - - - - - LCD_G5 EVENTOUT
PK1 - - - - - - LCD_G6 EVENTOUT
PK2 - - - - - - LCD_G7 EVENTOUT
PK3 - - - - - - LCD_B4 EVENTOUT
Port K
PK4 - - - - - - LCD_B5 EVENTOUT
PK5 . - R - - - LCD_B6 EVENTOUT
PK6 - - - - - - LCD_B7 EVENTOUT
PK7 - - - - - - LCD_DE EVENTOUT
PZO | SPI6_SCK - - - - - - EVENTOUT
PZ1 | SPI6_MISO - - - - - - EVENTOUT
PZ2 | SPI6_MOSI - - - - - - EVENTOUT
PZ3 | SPI6_NSS - - - - - - EVENTOUT
Port Z
PZ4 - - - - - - - EVENTOUT
P75 - - - - - - - EVENTOUT
PZ6 - - - - - - - EVENTOUT
Pz7 - - - - - - - EVENTOUT

1.

Refer to Table 8 for AFO to AF7.
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Memory mapping STM32MP153A/D

5 Memory mapping

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

3
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6

6.1

6.1.1

6.1.2

6.1.3

6.1.4

6.1.5

Electrical characteristics

Parameter conditions

Unless otherwise specified, all voltages are referenced to Vgg.

Minimum and maximum values

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

Typical values

Unless otherwise specified, typical data are based on T; = 25 °C, Vpp = 3.3V, VppcorE =
1.2 V. They are given only as design guidelines and are not tested.

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

Typical curves

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

Loading capacitor

The loading conditions used for pin parameter measurement are shown in Figure 9.

Pin input voltage

The input voltage measurement on a pin of the device is described in Figure 10.

C=50pF ——

Figure 9. Pin loading conditions Figure 10. Pin input voltage

4[] Device pin :| Device pin

MSv47493V* MSv47494V1

3
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STM32MP153A/D

6.1.6 Power supply scheme
Figure 11. Power supply scheme
©® Q ©® i
B3 2 2
o | g 2 [ 8
a Ay | o Q |
o 2 ® »n 2 g
d < & 2 < &
a | a
a a) a a » a a 2
o a a 7 a _a
> > > > = > > >
=
I—|—I ﬁf'—| USB FS
DDR V1 USB HS 1V8 I0s
PHY regulator PHY regulator
[ Vss [ Vss [ Vss Vss
VbbeoRe Core domain _ i
Vss . ; |
? - i
o (MPU, (MCU, |
£ peripherals, peripherals, !
15| 10 RAM) RAM) |
|Oports 10s ] logic i
° (System logic, Peripherals) i
Voo (Vop_ana) L "“H '''''''''''''''''''''''''''''''''''''' -
Voo Igny »| HSI, CSLHSE, | | ool .
LSLWKUP, |+ | | VSW domain i
VDD [ | IO IWDG | | . >re Retention domain !
- i | Retent 1
|Op0rtS {g 10s |OgiC Power switch i i — | r:gi:;;g? VRET > o i
V VSS _L | . VSW i Power switch Retention i
BAT > e | RAM :
VDD_PLL E ¢—»| Backup v —_:}._ Backup domain i
Vs pLL VDD domain ' regulator [—HE—
Backup RAM| !
! 10 LSE, RTC, AWU, E
IOports logi Tamper, backup ]
ogic ; i
registers, Reset )
T e e . v
DDA ; + Analog domain: ss
REF_BUF H ADC, DAC i
VREF+ o | VReF+ i
VREF- VREeF- i
Vssa [ |
MSv46560V3

Caution:

Each power supply pair (Vpp/Vss, Vbpcore/Vss, Vbpa/Vssa ---) must be decoupled with

filtering ceramic capacitors. 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.
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6.1.7

6.2

3

The number of needed capacitances and their values are provided in AN5031 “Getting
started with STM32MP1 Series hardware development” available from the ST website
www.st.com.

Current consumption measurement

Figure 12. Current consumption measurement scheme

Ipp_core Vv
O DDCORE H:l

Ipp_veat

( ) VBAT |:

Iop
i: |

|-

VDD

) Vbb_aNA

MSv50921V2

Absolute maximum ratings

Stresses above the absolute maximum ratings listed in Table 10: Voltage characteristics,
Table 11: Current characteristics, and Table 12: Thermal characteristics may cause
permanent damage to the device. These are stress ratings only and the functional operation
of the device at these conditions is not implied. Exposure to maximum rating conditions for
extended periods may affect device reliability. Device mission profile (application conditions)
is compliant with JEDEC JESDA47 qualification standard, extended mission profiles are
available on demand.

Table 10. Voltage characteristics U

Symbols Ratings Min Max Unit
External main supply voltage (including Vpp,
Vopx - Vssx | Vbb_anas Voo piL: Vopas Vobava_uss: VeaT: -0.3 3.9 \
VREF+)
xDDCORE " | External core supply voltage 0.3 15 Y,
ss
xDDA—DDR " | DDR IO supply voltage 0.3 1.98 v
ss
xDDAWS i 1.8 V supply (Vppa1vs REG) 0.3 3.9 v
SS -
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Table 10. Voltage characteristics (continued)“)

Symbols Ratings Min Max Unit
Min(Vpp, Vppa.
Input voltage on FT_xxx pins VbD3v3 USB: \
Vgar) +39
Input voltage on TT_xx pins 3.9 \%
vin® Input voltage on OTG_VBUS pin Vss-0.3 6.0 \Y;
Input voltage on USB/OTG_HS_DP/DM pins 5.25 \%
Input voltage on OTG_FS_DP/DM pins 5.5() Y,
Input voltage on any other pins 3.9 \Y,
IAVppxl %ﬂ'i:g%r;s;)c?;v;?sn different Vppx power pins of ) 50 my
|[Vssx-Vssl Variations between all the different ground pins - 50 mV
VRrer+ - Vppa | Allowed voltage difference for Vgreg+ > Vppa - 0.4 V

1.

All power (Vpp, Vppa. Vbopsva use: Voocore: Vear) and ground (Vss, Vssa, Vssx) pins must always be
connected to the externaI/Ei)nterﬁaI power supply, in the permitted range.

2. Vé,ij rensaximum must always be respected. Refer to Table 49 for the maximum allowed injected current
values.
3. ;I'rgis formula has to be applied on power supplies related to the 10 structure described by the pin definition
able.
To sustain a voltage higher than 3.9 V the internal pull-up/pull-down resistors must be disabled.
5. Voltage should be also below Min(Vpp, Vppavs users) + 3.9 V
Table 11. Current characteristics
Symbols Ratings Max Unit
ZIVpp Total current into sum of all Vpp power lines (source)() 440
ZlVgg Total current out of sum of all Vgg ground lines (sink)(") 440
IVpp Maximum current into each Vpp power pin (source)V) 100
IVsg Maximum current out of each Vgg ground pin (sink)(") 100
lio Output current sunk by any I/O and control pin 20
Total output current sunk by sum of all I/Os and control pins(® 140 mA
e Total output current sourced by sum of all I/Os and control pins(z) 140
™ (3)(4) Injected current on FT_xxx, TT_xx, NRST pins except PA4, PA5 -5/+0
(PIN) Injected current on PA4, PA5 -0/0
ZlingPIN) Total injected current (sum of all I/Os and control pins)(®) 25
1. All power (Vpp. Vbpa. Vopava use: Voocore) and ground (Vss, Vssa, Vssx) pins must always be
connected to the external/internal power supply, in the permitted range.
2. This current consumption must be correctly distributed over all I/Os and control pins. The total output
current must not be sunk/sourced between two consecutive power supply pins.
3. Positive injection is not possible on these I/Os and does not occur for input voltages lower than the
specified maximum value.
4. Anpositive injection is induced by Vy>Vpp while a negative injection is induced by V|\y<Vgs. liyypin) Must

never be exceeded. Refer also to Table 70: Voltage characteristics for the maximum allowed input voltage
values.
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5. When several inputs are submitted to a current injection, the maximum 3 Iy ey is the absolute sum of the
positive and negative injected currents (instantaneous values).

Table 12. Thermal characteristics

Symbol Ratings Value Unit
Tsta Storage temperature range -65 to +150
T Maximum junction temperature (suffix 1) 105 °C
! Maximum junction temperature (suffix 3) 125
6.3 Operating conditions
3. i iti
6.3.1 General operating conditions
Table 13. General operating conditions
Symbol Parameter Operating conditions Min. Typ Max. Unit
. c A7 sub STM32MP153A 0 - 650
ortex-A7 subsystem
mpuss._ck STM32MP153D 0 - 800
Internal AXI, AHBS5,
Faxiss ok Fhoks: | AHBG clock . 0 . 266
Fheike frequency
Internal MCU AHB
Fmcu_ok clock frequency ) 0 ) 209
Internal APB1 clock
Foikt frequency ) 0 ) 1045 | bz
Internal APB2 clock
Focikz frequency - 0 - 104.5
Internal APB3 clock
Focik3 frequency - 0 - 104.5
Internal APB4 clock
Fociks frequency ) 0 ) 133
Internal APB5 clock
Fociks frequency ) 0 ) 133
I/0Os and embedded |SYSCFG_IOCTRLSETR=0 [1.71(0@] 3.6
Vv regulators (REG1V1, Vv
Pp REG1V8)supply | SYSCFG_IOCTRLSETR # 0 1.71 - 27
voltage
Vv 3) System analog ) 171 ) 3.6 vV
DD_ANA supply voltage : :
V ;
Vgg_itt2(4) PLL supply voltage - 1.71 - 3.6 Y
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Table 13. General operating conditions (continued)
Symbol Parameter Operating conditions Min. Typ Max. Unit
Run mode
(Frpuss_ok above 650 MHz)® | 1-30 | 1:34 1 1.38
Run mode
Vv Digital core domain (Fmpuss_ck up to 650 MHz) 1.18 1.20 1.25 v
DDCORE supply voltage
Stop, LP-Stop mode 1.10 1.20 1.25
LPLV-Stop mode 085 | 090 | 1.25©)
Standby mode 0 0 0.75
ADC used with Vggg < 2 V 1.62 - 2
ADC used with Vggg > 2 V 2 - 3.6
DAC used 1.8 - 3.6
VREFBUF with Vggg = 1.5 V(") - 3.6
v Analog operating VREFBUF with Vggg = 1.5 V 1.8 ) ) v
DDA voltage and ADC used
VREFBUF with Vggr = 1.8 V@) | 2.1 - 3.6
VREFBUF with Vggg = 2.048 V 2.35 - 3.6
VREFBUF with Vgge = 2.5V 2.8 - 3.6
ADC, DAC, VRggr not used 0 - 3.6
v Backup operating 64 KB retention SRAM not used 1.2 36 v
BAT - :
voltage 64 KB retention SRAM used 1.4
Voars uears® | USE FS 1O supply USB OTG FS used 3 3.3 36 y
- voltage USB OTG FS not used 0 - 3.6
USB HS 1/0 | USBH or USB OTG HS used 3.07 3.3 3.6
9)(10 supply
Vopavs_ussrs ' voltage USBH and USB OTG HS not 0 ) 3.6 v
used '
Vobavs USB(Q) USB 1/0 supply USB used 3.07 3.3 3.6 v
- voltage USB not used 0 - 3.6
DDR3 memory 1.425 1.5 1.575
(1) DDR PHY supply
Vbba_DOR voltage DDR3L memory 1.283 | 1.35 1.45 %
LPDDR2 or LPDDR3 1.14 1.2 1.3
USB HS PHY voltage
supply with 1.8 V _
VDDA1VS_REG requiator in bypass | BYPASS_REG1VE = Vpp 1.65 1.8 1.95 Y
mode
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Table 13. General operating conditions (continued)

Symbol Parameter Operating conditions Min. Typ Max. Unit

TTxa l/O -0.3 - VDD+0'3
OTG_VBUS I/0 0.3 - 6(12)

VIN I/0 Input voltage DDR I/O -0.3 - Vobq por| V
USB HS I/O -1 - 5.25
All /O except TTxa -0.3 - See(13)

T Junction temperature | Suffix 1 version -20 i 105 oc

J . .
range Suffix 3 version -40 - 125

1. Once nRST is released functionality is guaranteed down to Vggg falling edge max.

2. Min Vpp is 2.25 V when REG1V8 is used BYPASS_REG1V8 = 0.

3. Should be connected to same power supply voltage as Vpp.

4. ltis recommended to connect VDD_pLL and VDD_pLL2 to same power supply as Vpp.

5. Only for STM32MP153Dxx1 devices

6. 1.25Vis the max allowed voltage, however LPLV-Stop mode is only relevant for Vppcore up to 0.95 V. In LPLV-Stop

1.
12.
13.

mode, if VDDQ_DDR is not shutdown, to avoid overconsumption on VDDQ_DDR, the DDR memory must be put in
SelfRefresh and DDR PHY must be set in retention mode (setting bit DDRRETEN: DDR retention enable of PWR control
register 3 (PWR_CR3)).

DAC cannot be used with Vggg below 1.8 V.
ADC cannot be used with Vrgg below 2 V and Vppp above 2 V.
Depending on package selected, either Vppay3 ysers and Vppava_usshs OF only Vppays ysg are available.

. For operation with voltage higher than Min (Vpp, Vppa, Vppavs_ussrs) + 0.3 V, the internal Pull-up and Pull-Down resistors

must be disabled.
Independent from any other supply, see details in Section 3.7.1: Power supply scheme.
Min(Vpp, Vppava ussrs) + 3.6V <6V.

Min(Vpp, Vppa, Vopavs users) + 3.6 V < 5.5 V. This formula has to be applied on power supplies related to the 10
structure described by the pin definition table.

6.3.2 Operating conditions at power-up / power-down

3

Subject to general operating conditions.
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Table 14. Operating conditions at power-up / power-down

Symbol Parameter Min Max Unit
Vpp rise time rate 0 °°
typp")
Vpp fall time rate 10 o0
Vppa rise time rate 0 e
tvbba
Vppa fall time rate 10 oo
2 . .
typpava uss'® | Vbpavs Usexx fise time rate 0 *
tvDD3V3_USBHS W
- VDD3V3_USBXX fall time rate 10 0 HS

tvpD3v3_UsBFs

VppcoRre rise time rate (from ) 2000
reset to RUN mode)

tvDDCORE Vbpcore rise time rate (from ) 10004
LPLV-Stop to RUN mode)
VDDCORE fall time rate 7.33 L

1. Vpp must be present before Vppcore -
VDDA1V8_REG must be present before VDD3V3_USBHS'

3. Incase Vppcore rise time is larger than 2 ms/V, user should control the NRST_CORE signal with a Power
Good (PG) control signal from the external regulator to avoid dysfunction of the device due to Vppcor
potentially not yet established when internal reset signal is de-activated after typpcoreTeEMPO (Cf. Table 14
and Figure 13).

4. Incase VppcoRe rise time at exit of LPLV-Stop is larger than 1 ms/V, there is a risk of unwanted reset due
to Vppcore potentially not yet established after tsg; vppcoreTempo (Cf- Table 14 and Figure 14). In such a
case, the Vppcore supply should not be decreased during LPLV-Stop mode.

Figure 13. Vppcore rise time from reset

average rise time rate should be less than
tvoocore Max (from reset to Run mode)

V should be above
VDDCORE DDCORE

Voocore Min when vddcore_ok is
/ enabled

<

Vbbcore Min

Vevbcore_o (rising edge) |————————-—

Y

tvDDCORETE

pvdcore_out

Run mode

vddcore_ok

Vbocore Min = Vpypcore o Min (rising edge) + tvppcoretempo Min / typpcore Max

MSv47497V2
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Figure 14. VppcoRre rise time from LPLV-Stop

average rise time rate should be less than

tvopcore Max (from LPLV-Stop to Run

mode)

Vbpcore should be above
VDDCORE Min at the end of
tSEL_VDDCORETEMPO

VDDCORE

Vbbcore Min

Vevocore 1 (falling edge)

Y

tSEL_vDDCORETEMPO

e

PWR_LP
LPLV-
Stop Wait Run mode
mode

Vbbcore Min = Vpypcore_1 Min (falling edge) + tvseL_vopbcoretempo Min / tvoocore Max

MSv47499V2

6.3.3 Embedded reset and power control block characteristics
The parameters given in Table 15 are derived from tests performed under ambient
temperature and Vpp supply voltage conditions summarized in Table 13: General operating
conditions.
Table 15. Embedded reset and power control block characteristics
Symbol Parameter Conditions Min Typ Max Unit
) Reset temporization. after ) )
[RSTTEMPO BORO released 317 550 HS
Rising edge 1.62 1.67 1.71
VBORO(” Brown-out reset threshold 0 \Y,
Falling edge 1.58 1.63 1.67
Rising edge 2.055 21 2.145
VBoR1 Brown-out reset threshold 1 \Y
Falling edge 1.955 2 2.045
Rising edge 2.355 2.4 2.445
VBoRr2 Brown-out reset threshold 2 \Y
Falling edge 2.255 2.3 2.345
Rising edge 2.655 2.7 2.745
VBoR3 Brown-out reset threshold 3 \Y
Falling edge 2.555 26 2.645
v Programmable Voltage Rising edge 1.905 1.95 1.995 v
PVDO Detector threshold 0 Falling edge 1.805 185 1895
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Table 15. Embedded reset and power control block characteristics (continued)

Symbol Parameter Conditions Min Typ Max Unit
y Programmable Voltage Rising edge 2.055 21 2.145 Vv
PVD1 Detector threshold 1 Falling edge 1.955 2 2.045
v Programmable Voltage Rising edge 2.205 2.25 2.295 v
PVb2 Detector threshold 2 Falling edge 2.105 2.15 2.195
v Programmable Voltage Rising edge 2.355 24 2.445 v
PVD3 Detector threshold 3 Falling edge 2.255 23 2.345
v Programmable Voltage Rising edge 2.505 2.55 2.595 v
VD4 Detector threshold 4 Falling edge 2.405 2.45 2.495
v Programmable Voltage Rising edge 2.655 2.7 2.745 v
PVDS Detector threshold 5 Falling edge 2555 26 2.645
Rising edge 2.805 2.85 2.895
Vv Programmable Voltage . . v
PVD6 Detector threshold 6 Falling edge in 2705 275 2795
RUN mode
Vhyst BORO Hysteresis voltage of BORO gﬁ,}jerr:;sem - 40 - mV
Vhyst BOR Hysteresis voltage of BOR Unless BORO - 100 - mV
Vv Hysteresis voltage of BOR Hysteresis in ) 100 ) mv
hyst BOR_ PVD | (ynless BORO) and PVD®?) RUN mode
(1)3) | BOR (unless BORO) and PVD ) )
Iop_gor_PvD consumption from Vpp 0.246 0.626 bA
Vv Analog voltage (VDDA) detector RISIng edge 1.655 1.7 1.745 v
AM_O threshold 0 Falling edge 1.555 16 1.645
Vv Analog Voltage (VDDA) detector Rising edge 2.055 2.1 2.145 Vv
AVM_1 threshold 1 Falling edge 1.955 2 2.045
Vv Analog voltage (VDDA) detector Rising edge 2.455 2.5 2.545 v
AVM_2 threshold 2 Falling edge 2.355 24 2.445
Vv Analog voltage (VDDA) detector RISIng edge 2.755 2.8 2.845 v
A3 threshold 3 Falling edge 2.655 27 2745
Hysteresis of analog voltage
Vhyst VDDA (Vppp) detector i i 100 i mv
™) Analog Voltage Monitoring _ ) )
vop_avm (Vppa) consumption on Vpp 0.248 HA
™) Analog Voltage Monitoring . . ) )
lvboa_avMm (Vppa) consumption on Vppa Resistor bridge 212 A
Digital core domain supply Rising edge 0.95 0.995 1.04
Vpvocore o'¥) | voltage (Vppcore) detector v
- threshold 0 (Run) Falling edge 0.91 0.955 1
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Table 15. Embedded reset and power control block characteristics (continued)

Symbol

Parameter

Conditions

Min

Typ Max Unit

5
Vpvbcore 1

Digital core domain supply
voltage (Vppcore) detector
threshold 1 (LPLV_Stop)

Falling edge

0.71

0.755 0.8 \Y

Vhyst VDDCORE

Hysteresis of Digital core
domain supply voltage
(VDDCORE) detector

40 - mV

tyDDCORETEMPO

Tempo on VPVDCORE_O at
rising edge of VDDCORE to
ensure that Vppcoge is fully
established

200

340 550 us

tsEL_vDDCORETE
MPO

Tempo on Vpypcore 1 at rising
edge of Vppcore to ensure that
Vppcore is fully established on
exit of LPLV-Stop mode

234

380 606 us

lypD_VDDCOREVM
(P°-

Vppcore Voltage Monitoring
consumption on Vpp

1.7

2.6 4.2 LA

USB_VTH

USB Threshold voltage

1.21 - \Y

Guaranteed by design.

No hysteresis when using PVD_IN pin.

1
2
3. BORO is enabled in all modes and its consumption is therefore included in the supply current characteristics tables.
4

During the first rising edge of Vppcore, the slope should be less than 2 ms/V to ensure Vppcoge is fully established before
the end of the tVDDCORETEMPO'

5. When exiting from LPLV-Stop mode to RUN mode the rising slope for Vppcore should be less than 1 ms/V to ensure
VDDCORE is fU”y established before the end of the tVDDCORETEMPO'

6.3.4 Embedded reference voltage
The parameters given in Table 16, Table 17 are derived from tests performed under ambient
temperature and Vpp supply voltage conditions summarized in Table 13: General operating
conditions.
Table 16. Embedded reference voltage
Symbol Parameter Conditions Min Typ Max Unit
VREFINT Internal reference voltages -40°C<TJ<125°C 1.175 1.210 1.241 \
ADC sampling time when
ts_vreﬁm(”(z) reading the internal reference - 43 - -
voltage
VpgaT sampling time when s
ts voat' ") reading the internal Vgar - 9.8 - - H
reference voltage
¢ _ Start time of reference voltage _ 08 ) 46
start_vrefint buffer when ADC is enable ' '
Reference Buffer consumption
lrefour®) for ADC P Vppa=3.3V 9.1 13.6 27.7 HA
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Table 16. Embedded reference voltage (continued)

Symbol Parameter Conditions Min Typ Max Unit
Internal reference voltage
AVRE|=|NT(2) spread over the temperature |-40 °C <T;<125°C - 4.3 15 mV
range
Average temperature Average temperature o
Tooeff_VREFINT coeffic%ent coeffitgent i 19 67 ppm/°C
VDDcoeff Average Voltage coefficient 3.0V<Vpp<36V - 10 1370 ppm/V

1. The shortest sampling time for the application can be determined by multiple iterations.

2. Guaranteed by design.

Table 17. Embedded reference voltage calibration value

Symbol Parameter Memory address

VReFIN_cAL | Raw data acquired at temperature of 30 °C, Vppa = Vrgrs = 3.3V [0x5C00 5250[31:16]()(2)

1. Mandatory to read in 32-bits word and do relevant mask and shift to isolate required bits.
2. These address is inside BSEC which should be enabled in RCC to allow access.

6.3.5 Embedded regulators characteristics

The parameters given in Table 18, Table 19 are derived from tests performed under ambient
temperature and Vpp supply voltage conditions summarized in Table 13: General operating
conditions.

REG1V1 embedded regulator (USB_PHY)

Table 18. REG1V1 embedded regulator (USB_PHY) characteristics(?)

Symbol Parameter Condition Min Typ Max Unit
VDAtv1_ Regulated output voltage - 1.045 | 11 | 1155 | V
REG
CL Load Capacitor - 11 | 22@ | 3.3 uF
esr Equivalent Serial Resistor of Cload - 0.1 25 600 mQ
load Static load current(®) - 0 - 30 mA

Start-up time. from C_=2.2uF - 93 -
tsTART PWR_CR3.REG11EN =1 to us
PWR_CR3.REG11RDY = 1 C_=3.3uF - - 180

Vpp Inrush Current to load external
nRuSH capacitor at start ) ) 50 60 mA

Regulator Enabled and ljg5q =

0 mA - 150 205
| Regulator Current consumption on m uA
VDD
Vop Regulator Enabled and |,g5q = ) 176 | 242
30 mA

1. Guaranteed by design.
2. For better dynamic performances a 2.2 pF typical value external capacitor is recommended.

3. Load is for internal STM32MP153A/D analog blocks, no additional external load is accepted unless mentioned.

3
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REG1V8 embedded regulator (USB)

Table 19. REG1V8 embedded regulator (USB) characteristics(!

Symbol Parameter Condition Min Typ Max Unit
Vpp Regulator input voltage - 2.25 3.3 3.6 V
VbDA1ve_ Regulated output voltage after trimming 1.7 1.8 1.9 \Y;
REG
CL Load Capacitor - 05 | 220 | 33 uF
esr Equivalent Serial Resistor of Cload - 0.1 25 600 mQ
load Static load current(®) - - - 70 mA

Start-up time. from C_ =2.2uF - 81 -
tsTART PWR_CR3.REG1MEN =1 to us
PWR_CR3.REG11RDY = 1 C_=3.3uF - - 150
Vpp Inrush Current to load external
NRuSH capacitor at start ) ) 80 100 mA
Regulator Enabled and ljg5q = ) 130 181
| Regulator Current consumption on 0mA uA
VDD
Vop Regulator Enabled and ljg5q =
- 170 231
70 mA

1. Guaranteed by design.

2. For better dynamic performances a 2.2 yF typical value external capacitor is recommended.

3. Load is for internal STM32MP153A/D analog blocks, no additional external load is accepted unless mentioned.

6.3.6

3

Supply current characteristics

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

The current consumption is measured as described in Figure 12: Current consumption
measurement scheme.

All the Run mode current consumption measurements given in this section are performed
with a CoreMark code unless otherwise specified.

Typical and maximum current consumption

The device is placed under the following conditions:
e Al l/O pins are in analog input mode except when explicitly mentioned.
e All peripherals are disabled except when explicitly mentioned.

e  The maximum values are obtained for Vpp/Vgar = 3.6 V and Vppcore = 1.25V, and
the typical values for Vpp/Vgar = 3.3 V and Vppcore = 1.2 V unless otherwise
specified.

The parameters given in Table 21 to Table 25 are derived from tests performed under
supply voltage conditions summarized in Table 13: General operating conditions.
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g Table 20. Current consumption (Ippcorg) in Run mode()
§ Conditions Typ Max
Symbol | Parameter MPU SS MCU MPU MCU Tj= Tj= Tj= Tj= Tj= Unit
- SS Oscillator clk clk o o o o o
mode | °° (MH2) | (MHz) 25°C | 25°C | 85°C [105°C | 125°C
8000 575 620 865 | 1050
B)
Supply T 744 560 605 850 | 1035
Ibbcore | current in enapbleg(z) (PORun, |CRun |HSE+HSI+LSI+PLL 648 209 | 400 485 675 815 | 1000 | mA
Run mode P1Run) 600 385 | 475 | 660 | 805 | 1000
400 340 420 610 750 945
80003 560 610 850 | 1040
B)
Supply Moo | CRUD 744 545 590 835 | 1025
O | current in pernpty (PORun, |CStop |HSE+HSI+LSI+PLL 648 209 385 | 475 660 805 | 1000 | mA
? DDCORE R q enabled® PR
N un mode un) 600 375 | 460 | 650 | 795 | 990
o
; 400 325 | 405 595 740 935
]
S 8000 415 | 460 | 710 | 895
6)
Supply Al ooror e | CRUN 744 400 445 695 880
Ibbcore | current in disgble% (PORun, |CStop |HSE+HSI+LSI+PLL 648 209 275 345 535 680 880 | mA
Run mode P1Run) 600 270 | 335 | 525 | 665 | 865
400 235 295 | 470 615 810

soljsLIa)orIRYI |BOLI}O3|T
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Table 20. Current consumption (Ippcorg) in Run mode(") (continued)

Conditions Typ Max
Symbol | Parameter ] MPU SS MSCSU oscillator IV(I:I;-‘kU N(I:(I:kU Tj= Tj= Tj= Tj= Tj= Unit
mode | (MHz) | (MHz) | 25°C | 25°C | 85°C | 105°C | 125°C
HSE+HSI+PLL 80003 - 275 320 575 760 -
HSE+HSI+PLL 744() - 265 310 565 750 -
HSE+HSI+PLL 648 - 180 | 240 | 425 | 570 | 770
HSE+HSI+PLL 600 - 175 | 230 | 420 | 565 | 765
HSE+HSI+PLL 300 - 135 190 | 380 | 520 | 725
oncone fﬁrﬁg:w};in §|| peripherals E;F({)l;{nun’ Cstop HSE+HSI+PLL 150 - 92 135 | 330 | 470 | 675 |
Run mode | disabled P1Stop) HSE+HSI+PLL 64 - 65 105 | 295 | 440 | 645
HSE+HSI+PLL 24 - 51 90 280 | 425 | 630
HSE+HSI 24 - 35.5 70 265 | 410 | 615
HSI+PLL 64 - 65 85 275 | 420 | 625
HSI+PLL 24 - 51 75 270 | 415 | 620
HSI 64 - 49 75 270 | 410 | 615

a/veSLdINZENLS
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Table 20. Current consumption (Ippcorg) in Run mode(") (continued)

Conditions Typ Max
Symbol | Parameter ] MPU SS MSCSU oscillator IV(I:I;-‘kU N(I:(I:kU Tj= Tj= Tj= Tj= Tj= Unit
mode | (MHz) | (MHz) | 25 C | 25°C | 85°C | 105°C | 125°C
HSE+HSI+PLL 80003 - 165 210 465 650 -
HSE+HSI+PLL 744() - 160 205 465 650 -
HSE+HSI+PLL 648 - 110 160 350 495 695
HSE+HSI+PLL 600 - 110 155 350 490 695
MPU in HSE+HSI+PLL 300 - 100 150 340 485 685
CSleep with
Supply WFI (CLK CSleep HSE+HSI+PLL 150 - 74 | 115 | 310 | 450 | 655
Ipbcore | current in FEY. All (POStop, |CStop mA
Run mode | OFF) P1Stop) HSE+HSI+PLL 64 - 57 95 290 | 430 | 635
peripherals
disabled HSE+HSI+PLL 24 - 48.5 85 280 420 625
HSE+HSI 24 - 32,5 70 265 405 610
HSI+PLL 64 - 57 80 275 415 620
HSI+PLL 24 - 48 75 270 410 615
HSI 64 - 41 70 265 405 610

soljsuv)oRIRYD [BI14}93]T
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Table 20. Current consumption (Ippcorg) in Run mode(") (continued)

Conditions Typ Max
Symbol | Parameter ] MPU SS MSCSU oscillator IV(I:I;-‘kU N(I:(I:kU Tj= Tj= Tj= Tj= Tj= Unit
mode mode (MHz) | (MHz2) 25°C | 25°C | 85°C | 105°C | 125°C
HSE+HSI+PLL - 209 71 115 305 450 650
HSE+HSI+PLL - 100 53 95 285 430 635
HSE+HSI+PLL - 64 59.5 100 295 435 640
HSE+HSI+PLL - 24 53 95 285 430 635
HSE+HSI+PLL - 10 38.5 75 270 410 615
HSE+HSI+PLL - 4 37.5 75 270 410 615
loocome fl:‘rfg:]yt o Qil gslr;%herals g%tgfop’ Ry |TISEFHS - 24 | 275 | 65 | 260 | 400 | 605 |
Run mode P1Stop) HSI+PLL - 64 59 85 280 | 420 | 625
HSI+PLL - 24 53 80 275 415 620
HSI - 64 33.5 65 260 400 605
CSI+HSI+PLL - 64 59.5 85 280 420 625
CSI+HSI+PLL - 24 53 80 275 415 620
CSI+HSI+PLL - 4 37 70 265 405 610
CSI+HSI - 4 24 60 255 395 600

a/veSLdINZENLS
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Table 20. Current consumption (Ippcorg) in Run mode(") (continued)

Conditions Typ Max
Symbol | Parameter ] MPU SS MSCSU oscillator IV(I:I;-‘kU N(I:(I:kU Tj= Tj= Tj= Tj= Tj= Unit

mode | (MHz) | (MHz) | 25 C | 25°C | 85°C | 105°C [ 125°C

HSE+HSI+PLL - 209 | 59.5 | 100 | 295 | 435 | 640

HSE+HSI+PLL - 100 | 475 90 280 | 420 | 625

HSE+HSI+PLL - 64 56 95 290 | 430 | 635

HSE+HSI+PLL - 24 52 90 285 | 425 | 630

HSE+HSI+PLL - 10 38 75 270 | 410 | 615

MCU in HSE+HSI+PLL - 4 37 75 270 410 615
CSleep with

Supply WFI (CLK CStop HSE+HSI - 24 26 65 | 260 | 400 | 605

Ibpcore | current in (POStop, |CSleep mA

Run mode | OFF)-All P1Stop) HSI+PLL - 64 | 555 | 80 275 | 415 | 620
peripherals

disabled HSI+PLL - 24 51.5 80 275 410 620

HSI - 64 30 65 260 | 400 | 605

CSI+HSI+PLL - 64 56 85 275 | 420 | 625

CSI+HSI+PLL - 24 51.5 80 275 | 415 | 620

CSI+HSI+PLL - 4 37 70 265 | 405 | 610

CSI+HSI - 4 23.5 60 255 395 | 600

1.

initialized peripherals and their activity.

HSE = 24 MHz, AXI clk (Faxiss_ck) = Max(Fmpuss_ck» 264)-
Activity on peripherals and bus masters other than processors, could lead to additional power consumption above these values, largely dependent on the amount of

Typical value given with Vppcore = 1.34 V, maximum values given with Vppcore = 1.38 V.

soljsLIa)orIRYI |BOLI}O3|T
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Table 21. Current consumption (Ipp) in Run mode(")

Conditions Typ Max
Symbol Parameter MCU . . . . . Unit
. Tj= Tj= Tj= Tj= Tj=
MPU SS mode SS Oscillator 25°C | 25°C | 85°C | 105 °C | 125 °C
mode
Ibb Supply current in Run mode ?F’F({)l;{nun P1Run) CRun HSE+HSI+LSI+PLL1,2,3,4 3.95 6.14 6.40 6.50 6.60 mA
HSI+PLL1,2 3.00 4.67 4.90 5.00 5.10
Iob Supply current in Run mode E;%‘;“un P1Stop) CStop |HSE+HSI 175 | 345 | 348 | 349 | 350 | mA
HSI 1.25 2.46 2.48 2.49 2.50
1. HSE =24 MHz.
Table 22. Current consumption in Stop mode(!)
Conditions Typ Max
Symbol | Parameter ] MPUSS |McUSS| Tj= | Tj= | Tj= | Ti= | Ti= | Ti= | Tj= | 1= |U
mode mode 25°C 85°C | 105°C | 125°C | 25°C | 85°C | 105°C | 125°C
All peripherals CStop
" Perip (POStop,  |CStop 980 985 985 995 1500 | 1560 | 1580 | 1600
disabled P1Stop)
I
> All peripherals CStandby
disgblerc)i (POStop, CStop 980 985 985 995 1500 1560 1580 1600
Supply P1Stop)
current in s MA
Stop mode ; top
All peripherals (POStop,  |CStop | 19000 | 90500 | 150000 | 230000 | 55000 | 261000 | 425000 | 585000
disabled P1Stop)
I
Peere All peripherals CStandby
. perip (POStop, CStop 19000 | 90000 | 150000 | 225000 | 54500 | 261000 | 425000 | 585000
disabled P1Stop)

1. HSE =24 MHz.

a/veSLdINZENLS
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g Table 23. Current consumption in LPLV-Stop mode(?)
§ Conditions Typ@ Max(®
Symbol | Parameter ] MPUSS (MCUSS| Ti= | Ti= | Tj= | Tj= | Ti= | Ti= | Ti= | T= | Ut
mode | mode | 25°C | 85°C | 105°C | 125°C | 25°C | 85°C | 105°C | 125°C
. CStop
All Peripheral (POStop,  [CStop 980 985 985 995 | 1500 | 1560 | 1580 | 1600
disabled P1Stop)
|
> All Peripheral CStandby
Supply A (POStop,  |CStop 980 985 985 995 | 1500 | 1560 | 1580 | 1600
disabled P1
current in Stop) A
LPLV-Stop . CStop H
mode All Peripheral (POStop,  |CStop | 7150 | 39000 | 67500 | 105000 | 25000 | 122000 | 190000 | 290000
disabled P1Stop)
|
PR All Peripheral CStandby
o " renp (POStop,  |CStop 7150 | 39000 | 67500 | 105000 | 25000 | 122000 | 190000 | 290000
? disabled P1St
N op)
S 1. HSE =24 MHz.
cipu 2. Vppcore = 0.9 V.
o 3. Vppcore =0.95 V.

soljsLIa)orIRYI |BOLI}O3|T
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Table 24. Current consumption in Standby mode(?)

Conditions Typ Max
Symbol | Parameter MPU SS MCcuU Tj= Tj= Tj= Tj= Tj= Tj= Tj= Tj= Unit
) mode SS 25°C 85°C | 105°C | 125°C | 25°C 85°C | 105°C | 125°C
mode
Backup
SRAM
OFF, CStandby
RTC (POStop, CStop 1.95 4.00 7.60 13.5 4 12 18 32
OFF, Retention |P1Stop)
LSE RAM OFF
Supply OFF
| current in Backup CStandby A
DD Standb H
Yy SRAM (POStop, CStop 9.6 38.5 64.5 105 17.5 70 110 180
mode ON, P1Stop)

RTC
ON, LSE cs
ON, . tandby
medium F?:ﬁ'g‘ﬁ” (POStop, |CStop | 74 460 | 800 | 1300 | 130 | 850 | 1500 | 2300
_high P1Stop)
drive

1. IWDG OFF, LSI OFF, Vppcore =0 V.

a/veSLdINZENLS
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Table 25. Current consumption in Vgar mode

Conditions Typ Max
Symbol | Parameter ] v ) Tj = Tj = Tj = Tj= Tj= Tj = Tj = Tj = Unit
BAT 25°C | 85°C | 105°C | 125°C | 25°C | 85°C | 105°C | 125°C
1.6 0.007 0.13 0.39 1.1 - - - -
2.4 0.008 0.14 0.415 1.15 - - - -
Backup SRAM OFF,
RTC OFF. LSE OFF 3 0.012 | 0.175 | 0.495 1.35 - - - -
3.3 0.041 0.52 1.45 3.9 - - - -
3.6 0.073 0.62 1.65 4.25 0.11 1 2.2 6
1.6 0.84 1.05 1.35 2.1 - - - -
Backup SRAM OFF, 2.4 1.05 1.3 1.6 2.45 - - - -
RTC ON, LSE ON, 3 1.25 15 1.9 2.8 - - - -
medium_high drive 33 14 5 305 57 _ i i i
| S&Jrriglnyt . Retention | 36 155 | 225 | 335 | 6.25 2 3.5 5.5 9 A
PPYRAT Vg i mode RAMOFF [ 45 [ 775 | 31 54 | 875 - - - -
Backup SRAM ON, 2.4 8.25 315 55 88.5 - - - -
RTC ON,. LSE ON, 3 8.45 33 57 91,5 - - - -
medium_high drive 33 95 34 59 955 i i i i
3.6 9.55 35 60.5 98 15 62 93 151
1.6 7.9 315 55 89 - - - -
Backup SRAM ON, 2.4 8.4 325 56 90 - - - -
RTC ON,. LSE ON, 3 8.6 335 58 93 - - - -
high drive 33 9.2 35 605 | 97.5 - - - -
3.6 9.85 36 62.5 100 15 63 93 151

soljsLIa)orIRYI |BOLI}O3|T
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Table 25. Current consumption in Vgar mode (continued)

Conditions Typ Max
Symbol | Parameter ] v ) Tj = Tj = Tj = Tj= Tj= Tj = Tj = Tj = Unit
BAT 25°C | 85°C | 105°C | 125°C | 25°C | 85°C | 105°C | 125°C
1.6 74 405 760 1250 - - - -
Backup SRAM ON, 24 76 410 765 1250 - - - -
RTC ON,. LSE ON, 3 81 420 785 1300 - - - -
medium_high drive 33 79 430 795 | 1300 ] - - -
| S&Jﬁg% . Retention 3.6 84.5 435 815 1350 180 850 1350 | 2000 A
DDVBAT
Vgar mode RAM ON 1.6 755 | 405 770 | 1250 - - - -
Backup SRAM ON, 24 75.5 410 770 1250 - - - -
RTC ON, LSE ON, 3 76 425 790 1300 - - - -
high drive 3.3 78 435 805 | 1300 - - - -
3.6 84.5 440 820 1350 180 870 1350 | 2000

a/veSLdINZENLS
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Caution:

6.3.7

142/255

1/0 system current consumption

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

1/0 static current consumption

All the 1/0s used as inputs with pull-up generate a current consumption when the pin is
externally held low. The value of this current consumption can be simply computed by using
the pull-up/pull-down resistors values given in Table 50: I/O static characteristics.

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

An additional I/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 a current consumption related to
floating pins, they must either be configured in analog mode, or forced internally to a definite
digital value. This can be done either by using pull-up/down resistors or by configuring the
pins in output mode.

1/0 dynamic current consumption

The 1/Os used by an application contribute to the current consumption. When an 1/O pin
switches, it uses the current from the MCU supply voltage to supply the 1/O pin circuitry and
to charge/discharge the capacitive load (internal or external) connected to the pin.

The theoretical formula is provided below:
lsw = Vppx X fsw < C

where
Isw is the current sunk by a switching 1/O to charge/discharge the capacitive load
Vppy is the MCU supply voltage
fsw is the 1/0 switching frequency
C, is the total capacitance seen by the I/O pin: C = CINT+ CEXT

Wakeup time from low-power modes
The wakeup times given in Table 26 are measured starting from the wakeup event trigger up
to the first instruction executed by the MPU or MCU:
e  For CSleep modes:

—  the MPU or MCU goes in low-power mode after WFE (Wait For Event) instruction.
e  For CStop modes:

— MCU goes in low-power mode after WFE (Wait For Event) instruction.

—  MPU goes in low-power mode after WFI (Wait For Interrupt) instruction.
e  WKUPX pin is used to wakeup from low-power modes.

3
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All timings are derived from tests performed under ambient temperature and Vpp = 3.3 V.

Table 26. Low-power mode wakeup timings

(
Symbol Parameter Srs:]it;:‘ Conditions (after wakeup) Typ“) M;a)x Unit
MPU wakeup
mpuss_
twucsieep_m | MPU wakeup from Run |HSE 24 MHz, SYSRAM 31 32 | ckclock
PU CSleep, MCU in CSleep cycles
MPU wakeup from HSI 64 MHz, SYSRAM 5.7 9
. Stop
fwucsTop up | oo MCU in CStop HSE + PLL 648 MHz, SYSRAM 12 | 220
u MPU wakeup from Run HSI 64 MHz, SYSRAM 0.54 1
CStop, MCU in CRun HSE + PLL 648 MHz, SYSRAM | 0.083 |0.17 | ps
MPU wakeup from
twuLPLV- CStop with system in LPLV-
Sto MPU LPLV-Stop (LVDS=1), Stop HSI 64 MHz, SYSRAM 410 640
MCU in CStop
MCU wakeup
mcu_ck
fWuCSLEEP_M E";U wakeup from Run | HSE 24 MHz, SRAM 6 7 | clock
cu eep, MPU in CSleep cycles
HSI 64 MHz, SRAM,
MU wakeup from Lory. [MCTMPSKP = 1 53 | 8 | s
twuLPLV- top with system in -
Stop_MCU LPLV-Stop (LVDS=1), Stop | HSI64 MHz, SRAM,
- MPU in CStop MCTMPSKP = 0, PWR_LP 1.4 22 ms
delay =1 ms
twucstor_ MCU wakeup from
e CStop, MPU in CStop Stop |HSI 64 MHz, SRAM 5.3 8
MCU wakeup from Stop
tWUCSTOP CStop, HSI active
e - (HSIKERON=1), MPU in ag:ii) HSI 64 MHz, SRAM 0.33 0.5
CStop us
twucstop_ MCU wakeup from
CUS CStop, MPU in CRun Run HSI 64 MHz, SRAM 0.12 0.18
tWUSTANDBY MCU Wakeup from
\eU - | STANDBY Standby | HSI 64 MHz, RETRAM 2550 |3000
1. Guaranteed by characterization results unless otherwise specified.
Table 27. Wakeup time using USART(")
Symbol Parameter Conditions Typ Max Unit
Wakeup time needed to calculate the
t maximum USART baud rate allowing the Sto ) 6.7 s
WUUSART wakeup from Stop mode when USART P : H
clock source is HSI.
1. Guaranteed by design.
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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.
Digital and analog bypass modes are available.

The external clock signal has to respect the Table 50: I/O static characteristics. However,
the recommended clock input waveform is shown in Figure 15 for digital bypass mode and
in Figure 16 for analog bypass mode. In analog bypass mode the clock can be a sinusoidal
waveform.

Table 28. High-speed external user clock characteristics
(digital bypass)("

Symbol Parameter Min Typ Max Unit
fHSE ext User external clock source frequency 8 24 48 MHz
Vsw (VhseH -VhseL) | OSC_IN amplitude 0.7xVpp - Vop v
Vpe OSC_IN input voltage Vss - 0.3xVgg
tw(HsE) OSC_IN high or low time 7 - - ns

1. Guaranteed by design.

Figure 15. High-speed external clock source AC timing diagram (digital bypass)

VHSEH  |L--_____
WW--=---f------ N\ f - X
0% === -4 : : |
VHSEL _____ Ll 1 N 1 | | =
T [ 1 1 ] ] v
tr(HSE)>+-e- >t HSE) Eu—»tW(HSE) —» tW(HSE) t
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clock source C_IN
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Table 29. High-speed external user clock characteristics
(analog bypass)!)
Symbol Parameter Min Typ Max Unit
User external clock source frequency 8 24 48 MHz
fHse ext | duty cycle (Square wave) 45 50 55 %
duty cycle deterioration 0 +10(2) +20() %
VHhse Absolute input range 0 - Vpp -
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Table 29. High-speed external user clock characteristics
(analog bypass)m (continued)

Symbol Parameter Min Typ Max Unit

Vpp OSC_IN peak-to-peak amplitude 0.2 - 0.67xVpp Y,

tgy® Time to start - 1 10(®) us
Rise and Fall time

tr/tfise) | (10% to 90% threshold levels of the 0.05 xTyse - 0.3 xThge | ns
input peak-to-peak amplitude)

l(HsE) Power consumption - 150(7) 500(®) MA

1. Guaranteed by design.

2. Guaranteed by design with a square wave signal (@25 °C, Vpp=3.3 V /Vpp =400 mV / Vpc=1 V) where
Vpc is the DC component of the input signal.

3. Guaranteed by design with a square wave signal (@25 °C, Vpp=1.71 V /Vpp = 200 mV / Vpc=0.8 V) where
Vpc is the DC component of the input signal.

4. minimum peak-to-peak amplitude (@25 °C, 0.1<Vpc<Vpp-0.1 V) where Vp¢ is the DC component of the
input signal.

5. tsy(Hsk) is the startup time measured from the moment it is enabled (by software) to a stabilized analog
bypass clock interface is reached. This value is measured with 200 mV peak-to-peak amplitude.

Maximum start-up time is obtained with 200 mV peak-to-peak amplitude.
with a sine wave signal (Vpp =400 mV / Vpc=0.4 V) where Vp is the DC component of the input signal.

with a sine wave signal (Vpp = 3.6 V/ Vpp =800 mV / Vp¢c = 1.8 V) where Vp is the DC component of the
input signal.

Figure 16. High-speed external clock source AC timing diagram (analog bypass)
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Table 30. Low-speed external user clock characteristics
(analog bypass)("

Symbol Parameter Min Typ Max Unit

fise ext |User external clock source frequency - 32.768 - kHz

Vi se Absolute input range 0 - VSW(z) -
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Table 30. Low-speed external user clock characteristics
(analog bypass)m (continued)

Symbol Parameter Min Typ Max Unit
Vpp 0SC32_IN peak-to-peak amplitude 0.20 1 - Y,
liLsE) Power consumption - 120 - nA

Guaranteed by design.
2. Vg is equal to Vpp when present or Vgar otherwise

. Minimum peak-to-peak amplitude (@25 °C, 0.1 < Vpg < Vg - 0.1 V) where Vp is the DC component of
the input signal.

Figure 17. Low-speed external clock source AC timing diagram (analog bypass)
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Low-speed external user clock generated from an external source

In bypass mode the LSE oscillator is switched off and the input pin is a standard 1/0. The
external clock signal has to respect the Table 50: I/O static characteristics. However, the
recommended clock input waveform is shown in Figure 18 for digital bypass and Figure 17
for analog bypass.

Table 31. Low-speed external user clock characteristics (digital bypass)m

Symbol Parameter Min Typ Max Unit
flse ext | User external clock source frequency - 32.768 1000 kHz
V| seH OSC32_IN input pin high level voltage 0.7 x Vpp - Vpp v
ViseL OSC32_IN input pin low level voltage Vss - 0.3 Vpp
fw(LSEH) 0OSC32_IN high or low time 250 - - ns
tw(LSEL)

1. Guaranteed by design.

Note: For information on selecting the crystal, refer to the application note AN2867 “Oscillator
design guide for ST microcontrollers” available from the ST website www.st.com.
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Figure 18. 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 8 to 48 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 32. 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 32. 8-48 MHz HSE oscillator characteristics!"

Symbol Parameter Operating conditions® | Min Typ Max Unit
F Oscillator frequency - 8 24 48 MHz
Re Feedback resistor - - 200 - kQ
During startup(s) - - 4
Vpp=3V,Rm=150 Q
pp =3V, Rm =150 - 0.35 -
C_=12pF at4 MHz
Vpp=3V,Rm=120Q
pp =3V, Rm =120 - 0.40 -
C_=12 pF at 16 MHz
Ipp(HSE) HSE current consumption Vpp=3V,Rm =100 Q mA
- 0.45 -
C_=10 pF at 24 MHz
Vpp=3V,Rm=80Q
pp =3 V. Rm =80 - 0.65 -
C_=8pF at32 MHz
Vpp=3V,Rm=80Q
pp =3 V. Rm =80 - 0.95 -
C_=8pF at48 MHz
GMeritmax Maximum critical crystal gm | Startup - - 1.5 mA/N
tgy® Start-up time Vpp is stabilized - 2 - ms
1. Guaranteed by design.
2. Resonator characteristics given by the crystal/ceramic resonator manufacturer.
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3. This consumption level occurs during the first 2/3 of the tgyysg,) startup time.

4. tsynsg) is the startup time measured from the moment it is enabled (by software) to a stabilized 8 MHz oscillation is
reached. This value is measured for a standard crystal resonator and it can vary significantly with the crystal manufacturer.

Note:

148/255

For C_ 4 and C|», it is recommended to use high-quality external ceramic capacitors in the
5 pF to 25 pF range (typical), designed for high-frequency applications, and selected to
match the requirements of the crystal or resonator (see Figure 19). C| 1 and C| , are usually
the same size. The crystal manufacturer typically specifies a load capacitance which is the
series combination of C| 1 and C| . The PCB and MCU pin capacitance must be included
(10 pF can be used as a rough estimate of the combined pin and board capacitance) when
sizing C 1 and C».

For information on selecting the crystal, refer to the application note AN2867 “Oscillator
design guide for ST microcontrollers” available from the ST website www.st.com.

Figure 19. Typical application with a 24 MHz crystal
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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 33. 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).

3
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Table 33. Low-speed external user clock characteristics!!)

Symbol Parameter Operating conditions(? Min Typ Max Unit

F Oscillator frequency - - 32.768 - kHz

LSEDRVI[1:0] = 00,
Low drive capability

LSEDRVI[1:0] = 01,
LSE current Medium Low drive capability

consumption LSEDRV[1:0] = 10,
Medium high drive capability

LSEDRV[1:0] = 11,
High drive capability

LSEDRVI[1:0] = 00,
Low drive capability
LSEDRVI[1:0] = 01,
Maximum critical crystal | Medium Low drive capability
gm LSEDRVI[1:0] = 10,
Medium high drive capability

LSEDRV[1:0] = 11,
High drive capability

- 290 -

- 390 -

- 550 -

- 900 -

- - 0.75

GMeritmax MANV

tsu(3) Startup time Vpp is stabilized - 2 - s

Guaranteed by design.

2. Refer to the note and caution paragraphs below the table, and to the application note AN2867 “Oscillator design guide for
ST microcontrollers.

3. tgyis the startup time measured from the moment it is enabled (by software) to a stabilized 32.768 k Hz 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 “Oscillator
design guide for ST microcontrollers” available from the ST website www.st.com.

Figure 20. Typical application with a 32.768 kHz crystal
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1. Adding an external resistor between OSC32_IN and OSC32_OUT is forbidden.
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6.3.9 External clock source security characteristics
Table 34. High-speed external user clock security system (HSE CSS)“)
Symbol Parameter Min Typ Max Unit
tocm(Hse _css) | Time to detect clock missing - 2 - Ms
tocpHse css) | Time to detect clock presence - - 250 ns
IVDD(HSE_CSS) Power consumption (fHSE =48 MHZ) - - 50 l.lA
1. Guaranteed by design.
6.3.10 Internal clock source characteristics
The parameters given in Table 35, Table 36 and Table 37 are derived from tests performed
under ambient temperature and Vpp supply voltage conditions summarized in Table 13:
General operating conditions.
64 MHz high-speed internal RC oscillator (HSI)
Table 35. HSI oscillator characteristics(")
Symbol Parameter Conditions Min | Typ | Max | Unit
fug® HSI frequency Vpp=3.3V, T;=30°C 63.7 | 64 | 64.3 | MHz
Trimming is not a multiple ) 024 | 033
of 32
Trimming is 128, 256 and
384 - -2.43 -
TRIM HSI user trimming step Trimming is 64, 192, 320 - o7 - %
and 448 ’
Other trimming are a
multiple of 32 (not ) -0.30 )
including multiple of 64 ’
and 128)
DuCy(HSI) Duty Cycle - 45 - 55 %
HSI oscillator frequency drift over Vpp _ o
Aypp (HsI) (reference is 3.3 V) Vpp=1.71t03.6V -0.12 - 0.03 %
(3) | HSI oscillator frequency drift over Ty=-20t0 110 °C 1251 - 1075
Atemp Hsi) temperature after factory calibration o o
T,=-40t0 125°C -1.75 - 0.95
HSI oscillator start-up time (Time
tsu(HSI) between Enable rising and First output - - 1.47 2 us
clock edge.)
tstap(HSI) HSI oscillator stabilization time at 1% of target frequency - 3 - us
Ipp(HSI) HSI oscillator power consumption - - 300 | 400 MA

1. Guaranteed
2. Guaranteed

3. Guaranteed
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by design unless otherwise specified.
by test in production.

by characterization results.
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4 MHz low-power internal RC oscillator (CSI)

Table 36. CSl oscillator characteristics(")

Symbol Parameter Conditions Min | Typ | Max | Unit
fog® CSl frequency Vpp=3.3V,T;=30°C 398 | 4 |4.02|MHz
Trimming code is not a o
multiple of 16 - |08 1 o
TRIM Trimming step
Trimming code is a multiple of ) 165 ) )
16 '
DuCy(CSlI) Duty Cycle - 45 - 55 %
Aypp (CSI) + CSil oscillator frequency drift over |Vpp=1.71t03.6 V - ls143]| - o
Aremp (CSH®) Vpp & drift over temperature T,=0to85°C - °
tsu(csiy CSI oscillator startup time - - 1.5 | 24 ps
CSl oscillator stabilization time _ o
tstab(CSI) (tO reach +5% of fCS|) TJ =0to85°C - 5 - cycle
Ipp(csiy CSl oscillator power consumption - - 30 - MA
1. Guaranteed by design.
2. Guaranteed by test in production.
3. Guaranteed by characterization results.
32 kHz low-speed internal (LSI) RC oscillator
Table 37. LSl oscillator characteristics(?)
Symbol Parameter Conditions Min Typ Max Unit
=30°C.@
Ty f’o C, 314 32 326
Vpp =3.3V
fLsi LSI frequency T 2010125 °C kHz
J=- to 5° y
Vpp=1.71t03.6V 29 32 33.6
LSI oscillator startup time (Time
tsu(Lsl) between Enable rising and First - - 64 125
output clock edge.) us
LS| oscillator stabilization time
lstab(LS) | (5% of final value) - - 1o 170
LSI oscillator power
loos) consumption ) ) 120 230 nA

1. Guaranteed by design.

2. Guaranteed by test in production.

6.3.11

3

PLL characteristics

The parameters given in Table 38, Table 39, Table 40 are derived from tests performed
under temperature and Vpp supply voltage conditions summarized in Table 13: General

operating conditions.
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PLL1_1600, PLL2_1600 characteristics

Table 38. PLL1_1600, PLL2_1600 characteristics(!)

Symbol Parameter Conditions Min Typ Max | Unit
PLL input clock Normal mode and Sigma delta mode 8 - 16 MHz
fpLL N i
| PLL input clock ) 10 ) 90 %
duty cycle
PLL P,Q,R
multiplier output - 3.125 - | 800@ | MHz
clock
Division by 1 45 50 55
f Even divisions
;LIIIT-_P_Q_R_ (l\\l/ multli\sleI of 2) 45 50 55
ayoydle oo, |
Odd divisions ([,\119% / ([,\1]2% | (Nt
(N not multiple of 2) ON]-5| 2N] 2N] +
5
fVCO_OUT PLL VCO output - 800 - 1600 | MHz
Normal mode - 50 150
tLock PLL lock time us
Sigma-delta mode (CKIN = 8 MHz) - 65 170
Lock Accuracy
(Ratio VCO
ALock frequency versus - R . +2 %
target frequency at
lock)

3
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Table 38. PLL1_1600, PLL2_1600 characteristics(! (continued)

Symbol Parameter Conditions Min Typ Max | Unit
= - ®3) -
foLL_p_q_R_our division = 1 VCO = 800 MHz 18
to 16 VCO = 1066 MHz - 143) -
RMS cycle-to- Without Fractional mode VCO = 1600 MHz i 120) _
N tps
cycle jitter — 3
foLL p q R out division=1 |VCO = 1066 MHz | - 200 -
to 16
- 3
With Fractional mode VCO = 1600 MHz - 18 -
¢ division = 1 | YCO =800 MHz - 160 -
pLL_P_q_R_our division = 1
to 16 VCO = 1066 MHz | - 126) | -
Without Fractional mode _ 3
. RMS period jitter VCO = 1600 MHz 3 10 - +ps
Jitter foLL p_q R our division=1[VCO=1066 MHz | - [ 16@) | -
to 16
- 3
With Fractional mode VCO = 1600 MHz - 15 -
foLL_p @ R our division =1 |VCO = 800 MHz - 2250
to 16 VCO=1066 MHz | - | 2004 | -
feLL_in =8 MHz
Without Fractional mode ~ |VCO =1600MHz | - | 1004) | -
Long term jitter ps
foLL_p q R our division = 1 | VCO = 800 MHz - 350 | -
to 16 VCO=1066 MHz | - |2504) | -
feLL_in =8 MHz
With Fractional mode VCO = 1600 MHz - 150(4) -
PLL power VCO freq = 1600 MHz - 930 -
oD pLL(2) consumption on MA
- Vbb_PLL (Analog) VCO freq = 800 MHz - 560 -
PLL power VCO freq = 1600 MHz - 4200 -
IVDDCORE(Z) consumption on MA
VDDCORE (Digital) VCO freq = 800 MHz - 2100 -
1. Guaranteed by design unless otherwise specified.
2. Guaranteed by characterization results.
3. Measured on DDR high speed IO.
4. Measured on DDR high speed IO for 10000 output clock cycles.
PLL3_800, PLL4_800 characteristics
Table 39. PLL3_800, PLL4_800 characteristics(!
Symbol Parameter Conditions Min Typ Max | Unit
PLL input clock Normal mode 4 - 16
MHz
- Sigma delta mode 8 - 16
feLL N '
PLL input clock ) 10 ) 90 %
duty cycle
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Table 39. PLL3_800, PLL4_800 characteristics(!) (continued)

Symbol Parameter Conditions Min Typ Max | Unit
PLL PQ,R
multiplier output - 3.125 - | 800@ | MHz
clock
Even divisions
f 4
OPG;—P—Q—R— (N multiple of 2) ° 50 %
PLL P,Q,R clock
[100, %
duty cycle Odd divisions ([,\]f%/ ([,\1,2%, (N+1)/
(N not multiple of 2) ON]-5| 2N] 2NS] +
fVCO_OUT PLL VCO OUtpUt - 400 - 800 MHz
Normal mode 15 50 150
tLock PLL lock time us
Sigma-delta mode (CKIN = 8 MHz) 25 65 170
Lock accuracy
(Ratio VCO
ALock frequency versus - - . +2 %
target frequency at
lock)
= - ®3) -
foul_p o R our division = | VCO =400 MHz 80
25 to 100 VCO =600 MHz - 5003) -
RMS cycle-to- Without Fractional mode VCO = 800 MHz i 450) i s0s
cycle jitter 3 =P
foLL P Q R out division = | VCO =600 MHz - 65() -
25t0 100 ~ .
With Fractional mode VCO =800 MHz - 60 -
‘ givision = | VCO =400 MHz - 750) -
PLL_P_Q_R_our division =
25 to 100 VCO = 600 MHz - 38® | -
Without Fractional mode _ 3
. RMS period jitter VCO =800 MHz - 30¢%) - +ps
Jitter foLL p q R ouT division= | VCO =600 MHz - | 55®) |-
25t0 100 o
With Fractional mode VCO =800 MHz - 50 -
foLL_p q R out division = | VCO =400 MHz - 225 -
2510100 VCO=600MHz | - |1504) [ -
fpL_ N =8 MHz
Without Fractional mode VCO = 800 MHz - 125(4) -
Long term jitter ps
foLL_p q R out division = | VCO =400 MHz - | 3004 | -
2510100 VCO=600MHz | - |200® | -
fpL_ N =8 MHz
With Fractional mode VCO =800 MHz - 1504) -
PLL power VCO freq = 800 MHz - 600 610
lvop_pLL consumption on MA
VbD_PLL (Analog) VCO freq = 400 MHz - 320 350
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Table 39. PLL3_800, PLL4_800 characteristics(!) (continued)

Symbol Parameter Conditions Min Typ Max | Unit
PLL power VCO freq = 800 MHz - 2200 | 5250
lvbbcore | consumption on [VIaN
VDDCORE (Digital) VCO freq = 400 MHz - 1130 | 4550
1. Guaranteed by design unless otherwise specified.
2. Guaranteed by characterization results.
3. Measured on GPIO.
4. Measured on GPIO for 10000 output clock cycles.
PLL_USB (2880 MHz) characteristics
Table 40. USB_PLL characteristics(!)

Symbol |Parameter Condition Min Typ | Max | Unit
feLL IN PLL input clock 19.2 24 38.4 | MHz
fPLL_|NF|N PFD input clock 19.2 24 384 MHz
fpLL_out | PLL multiplier output clock - 480 - MHz
fVCO_OUT PLL VCO OUtpUt - 2880 - MHz
tLock PLL lock time - - 100 us
tPDN PLL power down time 10 - - us
lppatvi R | PLL power consumption on PLL in power down i ° 425 | HA
EG(PLL) Vppa1v1_Reg (internal connection) fyco_out = 2880 MHz - 4.4 5.6 mA
Ippatvs R | PLL power consumption on PLL in power down - - 2 HA
Ec(PLL) | VDDA1vs_ReG (internal connection) fyco_out = 2880 MHz - 2 25 | mA

1.

Guaranteed by design unless otherwise specified.

6.3.12 PLL spread spectrum clock generation (SSCG) characteristics

The spread spectrum clock generation (SSCG) feature allows the reduction of

electromagnetic interferences (see Table 46: EMI characteristics). It is available only on the

PLL1_1600 and PLL2_1600.

Table 41. SSCG parameters constraint
Symbol Parameter Min Typ Max(! Unit

fMod Modulation frequency 20 - 60 kHz
md Peak modulation depth 0.25 - 2 %
MODEPER * INCSTEP - - - 2151 -
1. Guaranteed by design.

Equation 1
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The frequency modulation period (MODEPER) is given by the equation below:
MODEPER = round[fPLL_lN/(4><fMod)]

fpLL_in @nd fMod must be expressed in Hz.
As an example:

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

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

Equation 2

Equation 2 allows the increment step (INCSTEP) calculation:

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

Mdqantized% = (MODEPER x INCSTEP x 100 x 5)/((2"° - 1) x PLLN)

As a result:

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

0
quantized %

Figure 21 and Figure 22 show the main PLL output clock waveforms in center spread and
down spread modes, where:

FOis fPLL_OUT nominal.
Trmode I8 the modulation period.
md is the modulation depth.
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Figure 21. PLL output clock waveforms in center spread mode
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Figure 22. PLL output clock waveforms in down spread mode
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6.3.13 Memory characteristics
OTP characteristics
The characteristics are given at T; = -40 to 125 °C unless otherwise specified.
Table 42. OTP characteristics
Symbol Parameter Conditions Min Max Unit
Programming - 450 MA
lVDDCORE OTP consumption on Vppcore Reading - 490 MA
PowerDown - 4.2 MA
Programming - 10000 MA
I\voD OTP consumption on Vpp Reading - 2200 MA
PowerDown - 1 MA
Fotp U OTP operating Frequency - - 67 MHz
NB_CYCLE @ Maximum number of reading cycles |- - 500 Million
1. Guaranteed by design.
2. Guaranteed by characterization results.
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DDR3, DDR3L I/O DC specifications

The following table provides input and output DC threshold values and on-die-termination
(ODT) recommended values. The conditions for the output threshold values are un-
terminated outputs loaded with 1 pF capacitor load. The ODT values are measured after

impedance calibration.

Table 43. DC specifications — DDR3 or DDR3L mode("

Symbol Parameter Min Typ Max Unit
ViHDe) DC input voltage high VRer + 0.09 - Vbba \Y
ViLipe) DC input voltage low Vgsq-0.3 - VRep-0.09| V
Von DC output logic high 0.8 x Vppq - - \
VoL DC output logic low - - 02xVppg| V
100 120 140

Ryt Input termination resistance (ODT) to Vppqg/2 54 60 66 Q
36 40 44

ILs Input leakage current, SSTL mode, unterminated - 0.01 4.8 MA

1. Guaranteed by design.

LPDDR2, L PDDR3 1/0 DC specifications

The following table provides input and output DC threshold values. The conditions for the
output threshold values are un-terminated outputs loaded with 1 pF capacitor load.

Table 44. DC specifications — LPDDR2 or LPDDR3 mode(?)

Symbol Parameter Min Typ Max Unit
ViHpc) DC input voltage high Vgrer *+ 0.13 - Vbba \
ViLpe) DC input voltage low Vssa - Vgep-0.13| V
VoH DC output logic high 0.9 x Vppq - - \Y
VoL DC output logic low - - 0.1xVppg| V
ILEAK Input leakage current - 0.01 4.51 pA

1. Guaranteed by design.

6.3.14 EMC characteristics

Susceptibility tests are performed on a sample basis during device characterization.
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Functional EMS (electromagnetic susceptibility)

While a simple application is executed on the device (toggling 2 LEDs through 1/O ports).
the device is stressed by two electromagnetic events until a failure occurs. The failure is
indicated by the LEDs:

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

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

A device reset allows normal operations to be resumed.

The test results are given in Table 45. They are based on the EMS levels and classes
defined in application note AN1709 available from the ST website www.st.com.

Table 45. EMS characteristics

Symbol Parameter Conditions I&T;Izlsl
Vv Voltage limits to be applied on any I/O pin to induce a Vpp = 3.3V, Ta = +25 °C, LFBGA448, 2B
FESD functional disturbance Frmpuss_ck = 650 or 800 MHz,
Fast transient voltage burst limits to be applied Fmeu_ck = 209 MHZ’
VETe through 100 pF on Vpp and Vgg pins to induce a M4 core not running, 5A

functional disturbance conforms to IEC 61000-4-2

3

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

Designing hardened software to avoid noise problems

EMC characterization and optimization are performed at component level with a typical
application environment and simplified MCU software. 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
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to prevent unrecoverable errors occurring (see application note AN1015 available from the
ST website www.st.com.).

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 46. EMI characteristics

: Max vs. [fHSE/Fmpuss ckl
Symbol | Parameter Conditions § Monltorid d = Unit
requency band | 54/650 MHz | 24/800 MHz
0.1 to 30 MHz 5 5
VDD =3.6 V, TA= 25 oC, _ _
LFBGA448 package, 301t 130 MHz 2 ! BV
Semi | Peak level Fmcu ok = 209 MHz, 130 MHz to 1 GHz 19 22
M4 core not running,
conforming to IEC61967-2 1GHzto 2 GHz 9 10
EMI Level 3.5 3.5 -
6.3.15 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.
Electrostatic discharge (ESD)
Electrostatic discharges (a positive then a negative pulse) are applied to the pins of each
sample according to each pin combination. This test conforms to the ANSI/ESDA/JEDEC
JS-001 and ANSI/ESDA/JEDEC JS-002 standards.
Table 47. ESD absolute maximum ratings
Symbol Ratings Conditions Packages Class Maxma;n Unit
value
Electrostatic discharge Ta = +25 °C conforming
VEspHewm) | voltage (human body to ANSI/ESDA/JEDEC All 2 2000
model) JS-001 v
Electrostatic discharge Ta=+25 °C conforming
VEesp(cpwm) | voltage (charge device to ANSI/ESDA/JEDEC All C1 250
model) JS-002

1. Guaranteed by characterization results.
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Static latchup

Two complementary static tests are required on three 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 JESD78 IC latchup standard.
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Table 48. Electrical sensitivities

Symbol

Parameter Conditions Class

LU

Static latchup class Ta=+25 °C conforming to JESD78 Il level A

6.3.16

I/0 current injection characteristics

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

Functional susceptibility to I/O current injection

While a simple application is executed on the device, the device is stressed by injecting
current into the I/O pins programmed in floating input mode. While current is injected into
the 1/O 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 (higher
than 5 LSB TUE), out of conventional limits of induced leakage current on adjacent pins (out
of =5 yA/+0 pA range), or other functional failure (for example reset, oscillator frequency
deviation).

The following tables are the compilation of the SIC1/SIC2 and functional ESD results.
Negative induced A negative induced leakage current is caused by negative injection and
positive induced leakage current by positive injection.

Table 49. I/O current injection susceptibilitym

Symbol

Negative Positive

Description L L Unit
injection injection

Iy

ANAO, ANA1, PA4, PAS 0 0

PG2, PG3, PG4, PH2 0 N/A mA

All other FTxx I/Os 5 N/A

1. Guaranteed by characterization.

6.3.17

3

I/0 port characteristics

General input/output characteristics

Unless otherwise specified, the parameters given in Table 50: I/O static characteristics are
derived from tests performed under the conditions summarized in Table 13: General
operating conditions. All I/Os are CMOS and TTL compliant.
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Table 50. I/O static characteristics

Symbol Parameter Condition Min Typ Max Unit
1.71V <Vpp<27V - - 10.35x%Vpp
v, M /0 input low level voltage 2.7V <Vpp<36V . "~ | 03*Voo |
0.45 x V,
1.71V <Vpp< 3.6V - - . 0_35DD
Vi | 170 input high level voltage 1.71V <Vpp< 3.6V 0.7 x Vpp - - %
¢y | TT_xx, FT_xxx and NRST I/O ) 0.1 x )
Vhvs input hysteresis 171V <Vpp<36V Vbb mv
0 < Vj\ < Max(Vpp)©) - - 250
FT_xx input leakage current(!) Max(Vpp) < VN < 5.5V
= DD INS -
(6)(2)(3) - - 3500
leak 0 < V| £ Max(Vpp)® - - 500 nA
FT_u, 10 Max(Vpp) < ViN< 5.5 V
- DD IN= 9 4
©)3) - - 50004
TT_xx input leakage current 0 < VN = Max(Vpp) ®) - - 100
Weak pull-up equivalent _
Rpu resistor®) ViN=Vss 25 40 55
Weak pull-d ival <
eak pull-down equivalent _ 6
Rpp rosistor® Vin=Vpp® 25 40 55
Co 1/0O pin capacitance - - 5 - pF

1. Guaranteed by design.

2. AlFT_xx 10 except FT_uf, FT_u.

3. V)N must be less than Max(Vpp) + 3.6 V.
4

To sustain a voltage higher than MIN(Vpp, Vppa, Vopava usexxx) 10-3 V, the internal pull-up and pull-down resistors must
be disabled. -

5. The pull-up and pull-down resistors are designed with a true resistance in series with a switchable PMOS/NMOS. This

PMOS/NMOS contribution to the series resistance is minimal (~10% order).

6. Max(Vpp) is the maximum value of all the I/O supplies.
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All I/Os are CMOS and TTL compliant (no software configuration required). Their
characteristics cover more than the strict CMOS-technology or TTL parameters. The

coverage of these requirements for FT 1/Os is shown in Figure 23.
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Figure 23. VIL/VIH for FT 1/Os
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Output driving current

The GPIOs (general purpose input/outputs) can sink or source up to 8 mA, and sink or
source up to #20 mA (with a relaxed Vg, /Von).

In the user application, the number of 1/0O 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 mode
consumption of the MCU sourced on Vpp, cannot exceed the absolute maximum rating
ZIVDD (see Table 11)

e  The sum of the currents sunk by all the 1/0Os on Vgg plus the maximum Run mode
consumption of the MCU sunk on Vgg cannot exceed the absolute maximum rating
Ylyss (see Table 11).

Output voltage levels

Unless otherwise specified, the parameters given in Table 51 are derived from tests
performed under ambient temperature and Vpp supply voltage conditions summarized in
Table 13: General operating conditions. All I/Os are CMOS and TTL compliant.
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Table 51. Output voltage characteristics for all I/0s except PC13, PC14, PC15 and Pis("

Symbol

Parameter

Conditions®

Min

Max Unit

VoL

Output low level voltage

CMOS port?
lio=8mA
20V<Vpp<36V

0.4

Output high level voltage

CMOS port?
||o =-8 mA
20V<Vpp<36V

Vpp-0.4

Output low level voltage

TTL port@
||o =8 mA
20V<Vpp<36V

0.4

Output high level voltage

TTL port@
I|O =-8 mA
20V<Vpp<36V

24

Output low level voltage

llO =20 mA
2.7V<Vpp<36V

1.3

Output high level voltage

llO =-20 mA
2.7V<Vpp<36V

Vpp-1.3

Output low level voltage

I|O=4mA
1.71V<Vpp <36V

0.45

Output high level voltage

||O= -4 mA
1.71V<Vpp <36V

Vpp-0.45

VoLrm+

®)

Output low level voltage for an FT_f

10 pin in FM+ mode

llO =20 mA
2.7V<Vpp<36V

0.4

||O= 10 mA
1.71V<Vpp <36V

0.4

1. The llO current sourced or sunk by the device must always respect the absolute maximum rating specified in Table 10:
Voltage characteristics, and the sum of the currents sourced or sunk by all the 1/0Os (I/O ports and control pins) must always

respect the absolute maximum ratings > 110.
TTL and CMOS outputs are compatible with JEDEC standards JESD36 and JESD52.

Guaranteed by design.
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Table 52. Output voltage characteristics for PC13, PC14, PC15 and P18(1)

Symbol

Parameter

Conditions®

Min

Max

Unit

Output low level voltage

CMOS port®
lio=3mA
27V<Vpp<36V

0.4

Output high level voltage

CMOS port®
||o =-3mA
27V<Vpp<36V

Vpp - 0.4

Output low level voltage

TTL port@
||o =3 mA
27V<Vpp<36V

0.4

Output high level voltage

TTL port@
I|O =-3mA
27V<Vpps36V

24

Output low level voltage

I|O= 1.5 mA
162V <Vpp<3.6V

0.4

Output high level voltage

IlO =-1.5mA
162V <Vpp<3.6V

Vpp - 0.4

1. The |,p current sourced or sunk by the device must always respect the absolute maximum rating specified in Table 10:
Voltage characteristics, and the sum of the currents sourced or sunk by all the 1/Os (/O ports and control pins) must always

respect the absolute maximum ratings ZIlO.
TTL and CMOS outputs are compatible with JEDEC standards JESD36 and JESD52.

Guaranteed by design.

3
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Output buffer timing characteristics (HSLV option disabled)

Table 53. Output timing characteristics (HSLV OFF)(1)(2)

Speed | Symbol Parameter conditions Min Max Unit
C=50pF,27V<sVpps36V - 20
C=30pF,27V<Vpps36V - 24
C=20pF, 27V<Vpp<s36V - 26
Frax>) | Maximum frequency C=10pR27V=Vpp=36V - % MHz
C=50pF, 1.71V<sVpp<s27V - 10
C=30pF, 1.71V<sVpp<s27V - 1
C=20pF, 1.71V<Vpp<27V - 12
C=10pF, 1.71V<Vpp<27V - 13
% C=50pF, 27V<Vpps36V - 13.3
C=30pF,27V<Vpps36V - 1.4
C=20pF,27V<sVpp=s36V - 10.2
Output high to low level | ¢ =10pF,2.7V<Vpp<3.6V - 8.8
t/t{*)  |fall time and output low ns
to high level rise time C=50pF, 1.71V<=Vpp =27V - 23
C=30pF, 1.71V<Vpp<27V - 20
C=20pF, 1.71V<Vpp<27V - 18.3
C=10pF, 1.71V<Vpp<27V - 16
C=50pF,27V<sVpps36V - 68
C=30pF,27V<sVpp=s36V - 83
C=20pF,27V<sVpps36V - 88
Fmax(3) Maximum frequency €= 10pR27V=Vpp =36V - 19 MHz
C=50pF, 1.71V<sVpp<27V - 25
C=30pF,1.71V<Vpp<27V - 28
C=20pF, 1.71V<sVpps27V - 30
C=10pF, 1.71V<Vpp<s2.7V - 36
o1 C=50pF,27V<sVpps36V - 4.9
C=30pF,27V<sVpps36V - 3.9
C=20pF, 27V<Vpp<s36V - 3.3
Output high to low level | ¢ =10pF, 27V <Vpp<36V - 2.7
t/t{4) | fall time and output low ns
to high level rise time C=50pF 1.71V<Vpp<27V - 8.1
C=30pF, 1.71V<sVpp<s27V - 6.5
C=20pF, 1.71V<Vpp<27V - 5.7
C=10pF, 1.71V<Vpp<27V - 4.6

3
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Table 53. Output timing characteristics (HSLV OFF)(1)(2) (continued)

Speed | Symbol Parameter conditions Min Max Unit
C =50 pF, 2.7V £ Vpp < 3.6 VO _ 04
C=30pF, 2.7V <Vpp<3.6V0O _ 124
C=20pF,27V<Vpp<3.6V® ; 144
o | Maximum frequency |0 P27 V= Vop 235 Ve 16 | 1
C=50pF,1.71V £ Vpp 2.7 VO _ 53
C=30pF, 1.71V < Vpp 2.7 VO - 66
C=20pF,1.71V s Vpp 2.7 VO . 72
C=10pF, 1.71V <Vpp 27 VO _ 81
° C=50pF, 27V<Vpp<3.6VO - 3.5
C=30pF, 2.7V <Vpp 3.6 VO ; 57
C=20pF,27V<Vpp<36V® ] 29
Output high to low level C=10pF,27V<Vpp <36 v(5) _ 17
t/t{*) | fall time and output low ns
to high level rise time C=50pF, 1.71V<Vpp 2.7 VO - 6.3
C=30pF,1.71V < Vpp 2.7 VO . 48
C=20pF, 1.71V < Vpp < 2.7 V® ] 4
C=10pF, 1.71V £ Vpp 2.7 VO - 3.2
C =50 pF, 2.7V £ Vpp < 3.6 V®) _ 110
C=30pF,2.7V<Vpp<3.6VO _ 150
C=20pF,2.7V<Vpp<3.6V® - 185
C=10pF, 2.7V <Vpp<3.6 VO . 210
Frax>) | Maximum frequency MHz
C=50pF, 1.71 V< Vpp 2.7 VO ] 62
C=30pF, 1.71V<Vpp <27 VO - 70
C=20pF,1.71V <Vpp <27 VO _ 79
C=10pF, 1.71V < Vpp 2.7 VO - 04
" C=50pF, 2.7V<Vpp<3.6VO R 3
C=30pF, 2.7V <Vpp<3.6 VO _ 29
C=20pF,27V<Vpp<3.6V® ; 18
Output high to low level C=10pF, 2.7V <Vpp < 3.6 NG) _ 13
t/t*)  |fall time and output low ns
to high level rise time C=50pF, 1.71V <Vpp 2.7 VO - 53
C=30pF, 1.71 V< Vpp 2.7 VO - 4
C=20pF, 1.71V < Vpp 2.7 VO - 3.3
C=10pF, 1.71V < Vpp 2.7 VO . 25

1. Guaranteed by design.

2. GPIO under VSW domain (PC13, PC14, PC15, PI8) are frequency limited. The maximum frequency is 2 MHz with a
maximum load of 30 pF. Only one /O at a time can be used as GPIO output and these I/Os must not be used as a current
source (e.g to drive a LED). For theses |0s, the speed value must be kept to (default) 00.
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The maximum frequency is defined with the following conditions: (t+t;) < 2/3, skew < 1/20 T and 45% < duty cycle < 55%.

4. The fall and rise times are defined between 90% and 10% and between 10% and 90% of the output waveform,
respectively.

5. Compensation system enabled.

Output buffer timing characteristics (10 structure with _h, HSLV option
enabled)

The HSLVEN_xx bits of SYSCFG_IOCTRLSETR register (together with OTP bit
PRODUCT_BELOW_2V5) can be used to optimize the 1/0 speed when the product voltage
is below 2.5 V typ. (2.7 V max.).

Table 54. Output timing characteristics (HSLV ON, _h IO structure)“)

Speed | Symbol Parameter conditions Min Max Unit
C=50pF, 1.71V<Vpp<s27V - 20
C=30pF, 1.71V<sVpp<27V - 22
Fmax(z) Maximum frequency MHz
C=20pF, 1.71V<Vpp<27V - 24
00 C=10pF, 1.71V<Vpp<27V - 28
C=50pF, 1.71V<Vpp<27V - 9.9
Output high to low level | ¢ =30 pF, 1.71V<Vpp <27V - 8.1
tr/tf(3) fall time and output low ns
to high level rise time C=20pF, 1.71V=Vpp =27V - 7.1
C=10pF, 1.71V<Vpp<27V - 5.8
C=50pF, 1.71V<Vpp<27V - 58
C=30pF, 1.71V<Vpp<27V - 79
Frax?) | Maximum frequency MHz
C=20pF, 1.71V<Vpp<27V - 90
o1 C=10pF, 1.71V<sVpp=27V - 100
C=50pF, 1.71V<sVpp<s27V - 5.7
Output high to low level C=30pF, 1.71V<Vpp<27V - 4.2
t/t{3 | fall time and output low ns
to high level rise time C=20pF 1.71V<Vpp<27V - 3.5
C=10pF, 1.71V<Vpp<2.7V - 2.7
C=50pF, 1.71V < Vpp 2.7 V& - 71
C=30pF, 1.71V < Vpp 2.7 V& - 101
Fmax(z) Maximum frequency MHz
C=20pF, 1.71V<Vpp <27 V& - 126
C=10pF, 1.71V <Vpp 2.7 V¥ - 162
10
C=50pF,1.71V < Vpp 2.7 V& - 4.7
Output high to low level | ¢ =30 pF, 1.71 V < Vpp £ 2.7 V#) - 3.3
t/t{3) | fall time and output low @ ns
to high level rise time C=20pF 1.71V<Vpp<27V - 2.7
C=10pF, 1.71V £ Vpp 2.7 V& - 1.9

3
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Table 54. Output timing characteristics (HSLV ON, _h 10 structure)“) (continued)

Speed | Symbol Parameter conditions Min Max Unit
C=50pF, 1.71V < Vpp 2.7 V4 - 77
C=30pF, 1.71V <Vpp 27 VA - 111
Fmax(z) Maximum frequency MHz
C=20pF, 1.71V <Vpp 2.7 VA - 145
1 C=10pF, 1.71V < Vpp 2.7 V& - 172
C=50pF, 1.71V < Vpp 2.7 V& - 43
Output high to low level | ¢ =30 pF, 1.71V < Vpp 2.7 V¥ - 3
tr/tf(3) fall time and output low @ ns
to high level rise time C=20pF, 1.71V<Vpp<27V - 2.3
C=10pF, 1.71V < Vpp 2.7 VA4 - 1.6

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

3. The fall and rise times are defined between 90% and 10% and between 10% and 90% of the output waveform,
respectively.

4. Compensation system enabled.

Output buffer timing characteristics (10 structure with _vh, HSLV option
enabled)

The HSLVEN_xx bits of SYSCFG_IOCTRLSETR register (together with OTP bit
PRODUCT_BELOW_2V5) can be used to optimize the 1/0 speed when the product voltage
is below 2.5V typ. (2.7 V max.).

Table 55. Output timing characteristics (HSLV ON, _vh 10 structure)m

Speed | Symbol Parameter conditions Min Max Unit
C=50pF, 1.71V<Vpp<27V - 36
C=30pF 1.71V=<Vpp<27V - 41

Fmax(z) Maximum frequency MHz
C=20pF, 1.71V<Vpp<27V - 46
00 C=10pF, 1.71V<Vpp<s27V - 55
C=50pF, 1.71V<Vpp<27V - 9.2
Output high to low level | ¢ =30 pF, 1.71V<Vpp <27V - 7.4

tr/tf(3) fall time and output low ns
to high level rise time C=20pF, 1.71V=Vpp =27V - 6.5
C=10pF 1.71V<Vpp<27V - 5.2

3
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Table 55. Output timing characteristics (HSLV ON, _vh 10 structure)‘” (continued)

Speed | Symbol Parameter conditions Min Max Unit
C=50pF, 1.71V<Vpp 2.7V - 55
C=30pF, 1.71V<Vpp<2.7V - 71
Fmax(z) Maximum frequency MHz
C=20pF,1.71V<Vpp<2.7V - 85
o1 C=10pF, 1.71V<Vpp<2.7V - 100
C=50pF, 1.71V<Vpp<2.7V - 6.1
Output high to low level | ¢ =30 pF, 1.71V<Vpp <27V - 4.7
tr/tf(3) fall time and output low ns
to high level rise time C=20pF, 1.71V=Vpp =27V - 3.9
C=10pF, 1.71V<Vpp 2.7V - 3
C=50pF, 1.71V £ Vpp 2.7 V& - 68
C=30pF, 1.71V < Vpp <27 V& - 95
Frax? | Maximum frequency MHz
C=20pF, 1.71V<Vpp <27 V& - 118
0 C=10pF, 1.71V £ Vpp 2.7 V& - 162
C=50pF, 1.71V < Vpp 2.7 V& - 4.9
Output high to low level | ¢ =30 pF, 1.71 V < Vpp < 2.7 V) - 3.5
t/t{3 | fall time and output low @ ns
to high level rise time C=20pF 1.71V<Vpp<27V - 2.8
C=10pF, 1.71V < Vpp 2.7 V® - 2.1
C=50pF, 1.71V < Vpp 2.7 V& - 80
C=30pF, 1.71V<Vpp 2.7 V& - 121
Fmax(z) Maximum frequency MHz
C=20pF, 1.71V<Vpp <27 V& - 162
C=10pF, 1.71V <Vpp 2.7 VA - 245
11
C=50pF, 1.71V < Vpp 2.7 V& - 4.2
Output high to low level | ¢ =30 pF, 1.71 V < Vpp £ 2.7 V#) - 28
t/t{3)  |fall time and output low @ ns
to high level rise time C=20pF 1.71V<sVpp=s27V - 21
C=10pF, 1.71V<Vpp <27 VA - 1.4

Guaranteed by design.
The maximum frequency is defined with the following conditions: (tr+tf) < 2/3, skew < 1/20 T and 45% < Duty cycle < 55%.

The fall and rise times are defined between 90% and 10% and between 10% and 90% of the output waveform,
respectively.

4. Compensation system enabled.

6.3.18 NRST and NRST_CORE pin characteristics

The NRST and NRST_CORE pins input driver uses CMOS technology. It is connected to a
permanent pull-up resistor, Rp (see Table 50: I/O static characteristics).

Unless otherwise specified, the parameters given in Table 56 are derived from tests
performed under the ambient temperature and Vpp supply voltage conditions summarized
in Table 13: General operating conditions.
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Table 56. NRST and NRST_CORE pin characteristics
Symbol Parameter Conditions Min Typ Max | Unit
Rpy@ :’Z:‘fs"t‘orr’(‘#')"“p equivalent Vi = Vss 30 | 40 50 | kQ
VenrsT) @ HE‘T’;’\F‘)FJEZ—CORE NPUt 14 71 v < Vpp < 3.6 V - - 50
Vnrrs? ?3‘?’.1@';8;&35 REInPUL |y 74v<vpp <36V | 350 | - T

6.3.19

3

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 24. Recommended NRST and NRST_CORE pin protection

V

External =

reset circuit (1)
T IR NRST(2) RPU Internal Reset

I [ Fiter |——

J_IO 1 uF
\- = ) STM32
ai14132d

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

2. The user must ensure that the level on the NRST/NRST_CORE pin can go below the V| (yrsT) Max level
specified in Table 56. Otherwise the reset is not taken into account by the device.

FMC characteristics

Unless otherwise specified, the parameters given in Table 57 to Table 70 for the FMC
interface are derived from tests performed under the ambient temperature, F¢ neik (Fhciks)
frequency and Vpp supply voltage conditions summarized in Table 13: General operating
conditions, with the following configuration:

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

e  Measurement points are done at CMOS levels: 0.5xVpp

Refer to Section 6.3.17: I/O port characteristics for more details on the input/output
characteristics.
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Asynchronous waveforms and timings

Figure 25 through Figure 28 represent asynchronous waveforms and Table 57 through
Table 64 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  DataHoldTime = 0x1 (1xTfyc ker ck for read operations and 2xTey¢ ker ck for write
operations)

e ByteLaneSetup = 0x1
e  BusTurnAroundDuration = 0x0
e Capacitive load C| = 30 pF

In all the timing tables, the Ty ker ck IS the fmc_ker_ck clock period.

Figure 25. Asynchronous non-multiplexed SRAM/PSRAM/NOR read waveforms
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1. Mode 2/B, C and D only. In Mode 1, FMC_NADV is not used.

3
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Table 57. Asynchronous non-multiplexed SRAM/PSRAM/NOR read timings'")

Symbol Parameter Min Max Unit
tw(NE) FMC_NE low time 3Time_ker_ck~1 3Timc_ker_ck*t0.5
ty(NOE_NE) FMC_NEXx low to FMC_NOE low 0 1
tw(NOE) FMC_NOE low time 2Tfme_ker ok~ 2Tfme_ker_ck*1
th(NE_NOE) FMC_NOE high to FMC_NE high hold time Time_ker_ck1 -
tyA_NE) FMC_NEx low to FMC_A valid - 1
th(A_NOE) Address hold time after FMC_NOE high 2Ttme_ker_ck~1 - -
tsu(Data_NE) Data to FMC_NEXx high setup time Time_ker_ckt19 -
tsu(Data_NOE) Data to FMC_NOEXx high setup time 16 -
th(Data_NOE) Data hold time after FMC_NOE high 0 -
th(Data_NE) Data hold time after FMC_NEXx high 0 -
ty(NADV_NE) FMC_NEx low to FMC_NADV low - 0
tw(NADV) FMC_NADV low time - Ttme_ker_ck*t1
1. Guaranteed by characterization results.

Table 58. Asynchronous non-multiplexed SRAM/PSRAM/NOR read - NWAIT timings(1()

Symbol Parameter Min Max Unit
tw(NE) FMC_NE low time TTime_ker ck"0-5 | 7Ttme_ker ck*1
tw(NOE) FMC_NWE low time 6Tsmc ker ck"0-5 | 6Tfmc_ker ck*1
tw(NwAIT) FMC_NWAIT low time Tme_ker_ck - ns
tsu(NWAIT_NE) FMC_NWAIT valid before FMC_NEXx high 7Time_ker_ck*2 -
th(NE_NWAIT) FMC_NEXx hold time after FMC_NWAIT invalid STfmc_ker_ck -

1. Guaranteed by characterization results.

2. Nwaj pulse width is equal to 1 AHB cycle.

3
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Figure 26. 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 59. Asynchronous non-multiplexed SRAM/PSRAM/NOR write timings(?)

Symbol Parameter Min Max Unit
tw(NE) FMC_NE low time 4Time_ker ck0-5 | 4Tsme ker ck*1
ty(NWE_NE) FMC_NEXx low to FMC_NWE low Time_ker k05 | Time_ker ck*1
tw(NWE) FMC_NWE low time Time_ker k05 | Trme_ker ck*0-5
th(NE_NWE) FMC_NWE high to FMC_NE high hold time 2Tfme_ker_ck-0-5 -
tya_NE) FMC_NEXx low to FMC_A valid - 0
tha_NWE) Address hold time after FMC_NWE high 3Ttme_ker_ck~1 - o
ty(BL_NE) FMC_NEXx low to FMC_BL valid - 0.5
th(BL_NWE) FMC_BL hold time after FMC_NWE high 3Tme_ker ck-0-5 -
ty(Data_NE) Data to FMC_NEXx low to Data valid - 25
th(Data_NWE) Data hold time after FMC_NWE high 3Time_ker k™1 -
ty(NADV_NE) FMC_NEXx low to FMC_NADV low - 0.5
tw(NADV) FMC_NADV low time - Timc_ker_ck*0.5

1. Guaranteed by characterization results.
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Table 60. Asynchronous non-multiplexed SRAM/PSRAM/NOR write - NWAIT timings("(?)

Symbol Parameter Min Max Unit
tW(NE) FMC_NE low time 8Tfmc_ker_ck'0-5 8Tfmc_ker_ck+0-5
tW(NWE) FMC_NWE low time 5Tfmc_ker_ck'0-5 5Tfmc_ker_ck+1 ns

tsuNWAIT_NE)

FMC_NWAIT valid before FMC_NEx high

8Tfmc_ker_ck"'4

th(NE_NWAIT)

FMC_NEXx hold time after FMC_NWAIT invalid

6-I-fmc_ker_ck

1. Guaranteed by characterization results.

2. Nwajt pulse width is equal to 1 AHB cycle.

3

Figure 27. Asynchronous multiplexed PSRAM/NOR read waveforms
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Table 61. Asynchronous multiplexed PSRAM/NOR read timings(")

Symbol Parameter Min Max Unit
tw(NE) FMC_NE low time ATtmc ker ck0-5 | 4Time ker ckt1
ty(NOE_NE) FMC_NEXx low to FMC_NOE low 2Tfme_ker ck0-5 | 2Tfme ker ckt1
tow(NOE) FMC_NOE low time Time_ker ck0-9 | Timc_ker ck*0.5
th(NE_NOE) FMC_NOE high to FMC_NE high hold time Time_ker_ck~1 -
tyA_NE) FMC_NEx low to FMC_A valid - 3
ty(NADV_NE) FMC_NEXx low to FMC_NADV low 0.5 1.5
tw(NADV) FMC_NADYV low time Time_ker ck Ttmc_ker_ck*1
th(AD_NADY) Emg_ﬁgggirieis) valid hold time after Timo_ker o3 i ns

_ g
Address held
tha_NOE) Address hold time after FMC_NOE high until next read -
operation
tsu(Data_NE) Data to FMC_NEX high setup time Time_ker_ckt19 -
tsu(Data_NOE) Data to FMC_NOE high setup time 16 -
th(Data_NE) Data hold time after FMC_NEXx high 0 -
th(Data_NOE) Data hold time after FMC_NOE high 0 -
1. Guaranteed by characterization results.
Table 62. Asynchronous multiplexed PSRAM/NOR read-NWAIT timings'")

Symbol Parameter Min Max Unit
tw(NE) FMC_NE low time 7Time_ker_ck0-5 8Time_ker_ckt?
tw(NOE) FMC_NWE low time 5Tfmc_ker ck-0-5 6Time_ker_ckt?

ns

tsu(NWAIT_NE)

FMC_NWAIT valid before FMC_NEXx high

7Tfmc_ker_ck"'2

th(NE_NWAIT)

FMC_NEXx hold time after FMC_NWAIT
invalid

5Tfmc_ker_ck

1. Guaranteed by characterization results.
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Figure 28. Asynchronous multiplexed PSRAM/NOR write waveforms
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Table 63. Asynchronous multiplexed PSRAM/NOR write timings(")

Symbol Parameter Min Max Unit
tw(NE) FMC_NE low time 5Tfmc_ker ck"0-5 | 5Tme ker ck*1
tynwe Ney | FMC_NEX low to FMC_NWE low Time_ker_ck"0-5 Time_ker_ck*1
tw(NWE) FMC_NWE low time 2Ttme_ker k™1 | 2Tfme_ker_ck*0-5
thve_Nwe) | FMC_NWE high to FMC_NE high hold time 2Tfme_ker_ck0-5 -
tya_NE) FMC_NEx low to FMC_A valid - 0.5
tynabv NEy | FMC_NEx low to FMC_NADV low 0 1
tw(NADV) FMC_NADYV low time Time_ker ck*0-5 | Time_ker_ck*1
tnaD_NADY) | FMC_AD(address) valid hold time after FMC_NADV high | Time ker 0.5 - ns

Address held
th(A_NWE) Address hold time after FMC_NWE high until next write -
operation

theL_nwe) | FMC_BL hold time after FMC_NWE high 3Tfme_ker ck*0-5 -
tv(BL_NE) FMC_NEx low to FMC_BL valid - 0.5
ty(Data_NADV) | FMC_NADV high to Data valid - Timc_ker ckt4
th(pata_nwe) | Data hold time after FMC_NWE high 3Tfme_ker ckt0.5 -
1. Guaranteed by characterization results.

Table 64. Asynchronous multiplexed PSRAM/NOR write-NWAIT timings(?)

Symbol Parameter Min Max Unit
tw(NE) FMC_NE low time 9Tsme ker ck"0-5 | 9Timc_ker ck*0-5
tw(NWE) FMC_NWE low time 6T¢mc ker ck-0-5 6Tfmc_ker ck*1 ns
tsu(NWAIT_NE) FMC_NWAIT valid before FMC_NEX high 8Tfmc_ker ck*4 -
th(NE_NWAIT) FMC_NEXx hold time after FMC_NWAIT invalid 6Timc_ker ck -

1. Guaranteed by characterization results.
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Synchronous waveforms and timings

Figure 29 through Figure 32 represent synchronous waveforms and Table 65 through

Table 68 provide the corresponding timings. The results shown in these tables are obtained

with the following FMC configuration:

e  BurstAccessMode = FMC_BurstAccessMode Enable

e MemoryType = FMC_MemoryType CRAM

e  WriteBurst = FMC_WriteBurst_Enable
e CLKDivision =1

e DatalLatency = 1 for NOR Flash; DatalLatency = 0 for PSRAM

DS12502 Rev 5
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In all the timing tables, the T ker ok iS the fmc_ker_ck clock period, with the following
FMC_CLK maximum values:

e For27V<Vpp<3.6V,FMC_CLK =130 MHz at 20 pF
e For1.71V <Vpp <19V, FMC_CLK = 95 MHz at 20 pF

Figure 29. Synchronous multiplexed NOR/PSRAM read timings
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Table 65. Synchronous multiplexed NOR/PSRAM read timings("

Symbol Parameter Min Max Unit
tw(cLK) FMC_CLK period RxTimne_ker k1% -
tycikinexy) | FMC_CLK low to FMC_NEXx low (x=0..2) - 1
tacLkH_NexH) | FMC_CLK high to FMC_NEX high (x=0...2) RfomC_ker_Ck/2+0.5(2) -
tycLke-NabvL) | FMC_CLK low to FMC_NADV low - 1.5
tycLkL-NaDVH) | FMC_CLK low to FMC_NADV high 1 -
tycLkr-av) | FMC_CLK low to FMC_Ax valid (x=16...25) - 1
tayckH-Alv) | FMC_CLK high to FMC_Ax invalid (x=16...25) RxTtme_ker ck/2+1 5@ -
tycLknoeL) | FMC_CLK low to FMC_NOE low - 2 ns
ta(cLkH-NoEH) | FMC_CLK high to FMC_NOE high RfomC_ker_Ck/2+0.5(2) -
tycLkL-apy) | FMC_CLK low to FMC_AD[15:0] valid - 1.5
tycLkr-aprvy | FMC_CLK low to FMC_AD[15:0] invalid 1 -
tsuiapv-cLkH) | FMC_A/D[15:0] valid data before FMC_CLK high 3 -
thcLkH-apv) | FMC_A/D[15:0] valid data after FMC_CLK high 1 -
tsunwaT-cLkH) | FMC_NWAIT valid before FMC_CLK high 3 -
thicLkH-nwaiT) | FMC_NWAIT valid after FMC_CLK high 1.5 -
Guaranteed by characterization results.
2. Clock ratio R = (FMC_CLK period / fmc_ker_ck period).
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Figure 30. Synchronous multiplexed PSRAM write timings
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Table 66. Synchronous multiplexed PSRAM write timings("

Symbol Parameter Min Max Unit
tw(cLK) FMC_CLK period, Vpp range = 2.7 to 3.6 V RxTime_ker ck-1? -
tad(CLKL-NEXL) FMC_CLK low to FMC_NEXx low (x=0..2) - 1
tacLkH-NExH) | FMC_CLK high to FMC_NEX high (x=0...2) RXTfmc_ker_ck/2+0.5(2) -
tacLkL-naDvL) | FMC_CLK low to FMC_NADV low - 1.5
tacLk-NaDVH) | FMC_CLK low to FMC_NADV high 1 -
ty(cLkL-AV) FMC_CLK low to FMC_Ax valid (x=16...25) - 1
tycLkH-aly) | FMC_CLK high to FMC_Ax invalid (x=16...25) RxTfme_ker ok/2+1.5@ -
tacLkenwer) | FMC_CLK low to FMC_NWE low - 1
tcLkH-Nwer) | FMC_CLK high to FMC_NWE high RxTfne_ker ck/2+0.5?) - "
ty(cLKL-ADV) FMC_CLK low to FMC_AD[15:0] valid - 1.5
tacLkL-aplv) | FMC_CLK low to FMC_AD[15:0] invalid 1 -
ta(cLKL-DATA) FMC_A/D[15:0] valid data after FMC_CLK low - 3
td(CLKL-NBLL) FMC_CLK low to FMC_NBL low 1 -
tycLkH-NBLH) | FMC_CLK high to FMC_NBL high RxTfme_ker ok/2+0.5@ -
tsunwAIT-cLkH) | FMC_NWAIT valid before FMC_CLK high 3 -
thcLkH-NnwaiT) | FMC_NWAIT valid after FMC_CLK high 1.5 -
1. Guaranteed by characterization results.
2. Clock ratio R = (FMC_CLK period / fmc_ker_ck period).
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Figure 31. Synchronous non-multiplexed NOR/PSRAM read timings
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Table 67. Synchronous non-multiplexed NOR/PSRAM read timings(?)

Symbol Parameter Min Max Unit
tw(cLK) FMC_CLK period RxThne_ker ck-1? -
tcLKL-NExL) FMC_CLK low to FMC_NEXx low (x=0..2) - 1
tycLkHNExH) | FMC_CLK high to FMC_NEXx high (x=0...2) RXTfmc_ker_ck/2+0.5(2) -
tycLkinapvy) | FMC_CLK low to FMC_NADV low - 1.5
tycLkL-naDvH) | FMC_CLK low to FMC_NADV high 1 -
tacLKL-AV) FMC_CLK low to FMC_Ax valid (x=16...25) - 1
t4(CLKH-AIV) FMC_CLK high to FMC_Ax invalid (x=16...25) RxTfmne_ker ck/2+1.5@) - ns
td(CLKL-NOEL) FMC_CLK low to FMC_NOE low - 2
tycLkH-NoEH) | FMC_CLK high to FMC_NOE high RxTtme ker ok/2+1.5%) -
tsu(DV-CLKH) FMC_D[15:0] valid data before FMC_CLK high 3 -
th(CLKH-DV) FMC_D[15:0] valid data after FMC_CLK high 1 -
tnwair-clkHy | FMC_NWAIT valid before FMC_CLK high 3 -
thicLkH-NwaIT) | FMC_NWAIT valid after FMC_CLK high 1.5 -

1. Guaranteed by characterization results.
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2. Clock ratio R = (FMC_CLK period / fmc_ker_ck period).
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Figure 32. Synchronous non-multiplexed PSRAM write timings
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Table 68. Synchronous non-multiplexed PSRAM write timings("

Symbol Parameter Min Max Unit
tcLk) FMC_CLK period RxTfne_ker ck -1 -
td(CLKL-NExL) FMC_CLK low to FMC_NEXx low (x=0..2) - 1
t(CLKH-NEXH) FMC_CLK high to FMC_NEx high (x=0...2) RxTime ker ok/2+0.5%) -
tycLkL-naDVL) | FMC_CLK low to FMC_NADV low - 1.5
tycLkL-NADVH) | FMC_CLK low to FMC_NADV high 1 -
ta(cLkL-AV) FMC_CLK low to FMC_Ax valid (x=16...25) - 1
t4(CLKH-AIV) FMC_CLK high to FMC_Ax invalid (x=16...25) RxTfmne_ ker ck/2+1.5@) - ,
ta(CLKL-NWEL) FMC_CLK low to FMC_NWE low - 1
tycLkH-NweH) | FMC_CLK high to FMC_NWE high RxTime ker ok/2+0.5%?) -
td(CLKL-Data) FMC_DI[15:0] valid data after FMC_CLK low - 3
tycikingLl) | FMC_CLK low to FMC_NBL low 1 -
tycLkr-ngLH) | FMC_CLK high to FMC_NBL high RxTimne_ ker ck/2+0.5@) -
tsuNWAIT-cLkH) | FMC_NWAIT valid before FMC_CLK high 3 -
thcLkH-NwAIT) | FMC_NWAIT valid after FMC_CLK high 1.5 -

1. Guaranteed by characterization results.
2. Clock ratio R = (FMC_CLK period / fmc_ker_ck period).

NAND controller waveforms and timings

Figure 33 through Figure 36 represent synchronous waveforms, and Table 69 and Table 70
provide the corresponding timings. The results shown in this table are obtained with the
following FMC configuration:

FMC_SetupTime = 0x01

FMC_WaitSetupTime = 0x03
FMC_HoldSetupTime = 0x02
FMC_HiZSetupTime = 0x01

Bank = FMC_Bank_NAND

MemoryDataWidth = FMC_MemoryDataWidth_16b
ECC = FMC_ECC_Enable

ECCPageSize = FMC_ECCPageSize_512Bytes
TCLRSetupTime =0

TARSetupTime = 0

C_=30pF

In all timing tables, the T ker ck is the fmc_ker_ck clock period.

3
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Figure 33. NAND controller waveforms for read access
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Figure 34. NAND controller waveforms for write access
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Figure 35. NAND controller waveforms for common memory read access
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Figure 36. NAND controller waveforms for common memory write access
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Table 69. Switching characteristics for NAND Flash read cycles“)

Symbol Parameter Min Max Unit
tw(NOE) FMC_NOE low width 4Time_ker ck-1 4Tmc ker_ckt1
tsu(D-NOE) FMC_D[15-0] valid data before FMC_NOE high 1 -
th(NOE-D) FMC_DI[15-0] valid data after FMC_NOE high 0 - ns
t4(ALE-NOE) FMC_ALE valid before FMC_NOE low - 2Time_ker_ck*1
th(NOE-ALE) FMC_NWE high to FMC_ALE invalid 3Tfmc_ker_ck*0-5 -

1. Guaranteed by characterization results.

S74
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Table 70. Switching characteristics for NAND Flash write cycles(!)

Symbol Parameter Min Max Unit
tw(NWE) FMC_NWE low width ATfme_ker_ck~1 4Time_ker ck*1
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 3Tfme_ker_ck - -
tyD-NwE) FMC_DI[15-0] valid before FMC_NWE high 4Time_ker_ck™3 -
ta(ALE-NWE) FMC_ALE valid before FMC_NWE low - 2Tfme_ker_ck*1
th(NWE-ALE) FMC_NWE high to FMC_ALE invalid 3Tfme_ker ck*0-5 -

1. Guaranteed by characterization results.

6.3.20 QUADSPI interface characteristics
Unless otherwise specified, the parameters given in Table 71 and Table 72 for QUADSPI
are derived from tests performed under the ambient temperature, F,yiss ck frequency and
Vpp supply voltage conditions summarized in Table 13: General operating conditions, with
the following configuration:
e  Output speed is set to OSPEEDRYy[1:0] = 11
¢  Measurement points are done at CMOS levels: 0.5xVpp
e |/O compensation cell enabled
e  HSLV activated when Vpp 2.7V
Refer to Section 6.3.17: /O port characteristics for more details on the input/output alternate
function characteristics.
Table 71. QUADSPI characteristics in SDR mode
Symbol Parameter Conditions Min Typ Max Unit
27V<Vpp<3.6V
CL =20 pF i i 166
FekinecrLky | QUADSPI clock frequency MHz
1.71V < Vpp <3.6 V %
C_=15pF
tw(cLkH) | QUADSPI clock high and low ) telky2-05| - | teiky2+0.5
tsny Data input setup time - 1.25 - -
ns
thany Data input hold time - 2.75 - -
tyout) Data output valid time - - 1 1.5
thiouT) Data output hold time - 0 - -
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Table 72. QUADSPI characteristics in DDR mode

Symbol Parameter Conditions Min Typ Max Unit
2.7V <Vpp<3.6V %0
E QUADSPI clock CL=20 pF Mz
SINCLO | frequency 171V <Vpp <36V
- - 90
CL=15 pF
twcLkH) | QUADSPI clock high and - tcky2 - 0.5 - tciky2 + 0.5
tSF(lN)i tSf(IN) Data input setup time - 0.5 - -
thr(IN)’ thf(lN) Data input hold time - 2.75 - -
DHHC =0 - 1.5 ns
turiouT), -
Data output valid time DHHC =1
tviou) Pros = 1.2 - toky4+1 | tcLky4+1.5
DHHC =0 0 -
:hr(OUT)’ Data output hold time DHHC = 1 p
hf(OUT t .
( ) Pres =1, 2... (CLK)

3

Figure 37. QUADSPI timing diagram - SDR mode
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Figure 38. QUADSPI timing diagram - DDR mode

trcwx)

Clock

Data output

Data input

ek tw(cLkH) twcLkL) ticLk)
%tvf(OUT) thiour) t:vr(OUT) thiouT)
“— “— “— “«—
100 101 X 102 103 104 X 105 )—n—
tstany thiany tsrany thrany
[
{ 100 Y 101 f 102 f 103 ) 104 f 105 b=
MSv36879V3

DS12502 Rev 5

189/255




Electrical characteristics

STM32MP153A/D

6.3.21 Delay block (DLYB) characteristics
Unless otherwise specified, the parameters given in Table 73 for the delay block are derived
from tests performed under the ambient temperature, fi.c ¢ c« frequency and Vpp supply
voltage summarized in Table 13: General operating conditions.
Table 73. Dynamics characteristics: Delay block characteristics
Symbol Parameter Conditions Min Typ Max Unit
tinit Initial delay - 900 1200 1500
ps
tA Unit Delay - 42 46 50
6.3.22 16-bit ADC characteristics
Unless otherwise specified, the parameters given in Table 74 are derived from tests
performed under the ambient temperature, f > frequency and Vppa supply voltage
conditions summarized in Table 13: General operating conditions.
Table 74. ADC characteristics(!)(2)
Symbol Parameter Conditions Min Typ Max Unit
Vppa Analog power supply - 1.62 - 3.6
V 22V 2 - V
VREF+ Positive reference voltage DDA DDA Vv
Vopa<2V Vbpa
VREE- Negative reference voltage - Vssa
‘ c ; BOOST =1 0.12 - 36
ADC clock frequency 2V <YV, <3.3V MHz
ABC PPA BOOST=0| 0.12 - 20
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Table 74. ADC characteristics(!2) (continued)

Symbol Parameter Conditions Min Typ Max Unit
16-bit resolution - - 3.60
Sampling rate for Fast 14-bit resolution - - 4.00
channels, BOOST =1, . .
fapc = 36 MHz, 12-bit resolution - - 450
sampling time = 1.5 cycles | 10-bit resolution - - 5.00
8-bit resolution - - 6.00
16-bit resolution - - 2.00
Sampling rate for Fast 14-bit resolution - - 2.20
channels, BOOST =0, - .
fapc = 20 MHz, 12-bit resolution - - 2.50
sampling time = 1.5 cycles | 10-bit resolution - - 2.80
8-bit resolution - - 3.30
fg MSPS
16-bit resolution - - 2.55
Sampling rate for Slow 14-bit resolution - - 2.80
channels, BOOST =1, B .
fapc = 28 MHz, 12-bit resolution - - 3.1
sampling time = 2.5 cycles | 10-bit resolution - - 3.50
8-bit resolution - - 4.00
16-bit resolution - - 1.82
Sampling rate for Slow 14-bit resolution - - 2.00
channels, BOOST =0, ; :
fapc = 20 MHz, 12-bit resolution - - 2.22
sampling time = 2.5 cycles | 10-bit resolution - - 2.50
8-bit resolution - - 2.86
fapc = 36 MHz - - 3.6 MHz
frrig External trigger frequency
16-bit resolution - - 10 1fapc
VA|N(3) Conversion voltage range - 0 - VREF+
Vv Common mode input ) VRep/2- Vere/2 VRep/2+ v
CMIV lvoltage 10% REF 10%
Internal sample and hold
Canc capacitor ) ) 4 ) PF
tADCREG_ | ADC LDO startup time - - 5 10 us
STUP
tsTAB ADC power-up time LDO already started 1 1fapc
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Table 74. ADC characteristics(!2) (continued)

Symbol Parameter Conditions Min Typ Max Unit
Offset and linearity
fea calibration time ) 16384
torr_caL | Offset calibration time - 1280
CKMODE = 00 1.5 2 25
Trigger conversion latency
¢ for regular and injected CKMODE = 01 - - 2.5
LATR channels without aborting | cKMODE = 10 _ _ 25
the conversion
CKMODE = 11 - - 2.25 p
1fap
CKMODE = 00 25 3 3.5 c
Trigger conversion latency
¢ for regular and injected CKMODE = 01 B B 3.5
LATRINJ | channels when a regular | cKMODE = 10 . - 35
conversion is aborted
CKMODE = 11 - - 3.25
ts Sampling time - 15 - 810.5
Total conversion time i . @)
tconv (including sampling time) N-bit resolution tg + N/2
| ADC consumption from Fs =3.6 Msps, BOOST = 1 - 1900 -
PPARDC) | Vppa supply (differential) g = 1 Msps, BOOST = 0 - 460 -
| ADC consumption from Fs = 3.6 Msps, BOOST = 1 - 260 -
DDA(REF i i
(REF) | Vrer+ (differential) Fs = 1 Msps, BOOST = 0 i 120 | -
- - HA
| ADC consumption from Fs = 3.6 Msps, BOOST =1 - 1700 -
DDAADC) | \v/ha supply (single-ended) Fg =1 Msps, BOOST =0 R 445 R
ADC consumption from Fg = 3.6 Msps, BOOST =1 - 160 -
IbpA(REF) | VREF+ Supply (single-
RE | ehded) Fg = 1 Msps, BOOST = 0 - 75 -
1. Guaranteed by design.
2. Voltage BOOSTER on ADC switches must be used for Vppp < 2.4 V (switches inside 10).
3. Depending on the package, Vrgp. can be internally connected to Vgga.
4. 9to 818 cycles @ 14-bit mode.
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Table 75. Minimum sampling time versus RAIN with 47 pF PCB capacitor
up to 125 °C and Vppp = 1.6 V(!

Resolution® RAIN (Q) channFeaI:(t3) (ns) chanr?e!losv(‘a) (ns)

16 bits 470) 107 166
47 90.8 144

68 967 151

14 bits 100 108 157
150 128 171

2200 161 192

47 76.7 125

68 81.5 127

100 89.8 134

150 107 146

12 bits 220 132 169
330 177 205

470 2.36 264

680 329 345

1000(®) 462 488

47 62.5 103

68 66.2 106

100 72.7 112

150 85.4 121

220 106 137

330 140 168

10 bits 470 187 209
680 258 279

1000 367 381

1500 537 552

2200 776 786

3300 1130 1140
47000) 1600 1600
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Table 75. Minimum sampling time versus RAIN with 47 pF PCB capacitor
up to 125 °C and Vppp = 1.6 V() (continued)

Resolution® RAIN (Q) channFeT:(t:’) (ns) chan:;f)sﬁ) (ns)

47 48.7 82.4

68 51.4 84.6

100 56.4 88.7

150 65.8 95.7

220 80.4 108

330 106 130

470 139 160

680 189 208

8 bits 1000 269 284
1500 390 405

2200 562 572

3300 827 840

4700 1170 1170

6800 1670 1670

10000 2440 2430
15000 3660 3630
22000 5360 5310

1. Guaranteed by design.
The tolerance is 8 LSB for 16-bit, 4 LSB for 14-bit, 2 LSB for 12-bit, 10-bit and 8-bit conversions.

3. OnADCH1, fast channels are PA6, PA7, PBO, PB1, PC4, PC5, PF11, PF12.
On ADC2, fast channels are PA6, PA7, PBO, PB1, PC4, PC5, PF13, PF14.

Slow channels are all ADC inputs except the fast channels.

Maximum external input impedance value authorized for the given resolution.

3
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Table 76. ADC accuracy(V(2@)(4)5)(6)(7)

Symbol Parameter Conditions(® Min Typ(g) Max Unit
BOOST =1 - 15 -
Single ended
Total BOOST =0 - +7 -
ET(10) unadjusted BOOST = 1 5
= - + -
error Differential
BOOST =0 - 15 -
BOOST =1 - 3 -
Single ended B0OST=0 ;
ED plﬁergntlal B +LSB
linearity error BOOST =1 - 8 -
Differential
BOOST =0 - 2 -
BOOST =1 - 16 -
Single ended
EL Integral BOOST =0 - 14 -
linearity error BOOST =1 - +6 -
Differential
BOOST =0 - 4 -
. BOOST =1 - 12.5 -
Effective Single ended 00s 1
ber of B T=0 - 2.75 -
ENOB(™ [T ° bits
BOOST =1 - 13.3 -
(2 MSPS) Differential
BOOST =0 - 13.7 -
i to- BOOST =1 - 77.5 -
Slgnal tod Single ended
noise an BOOST =0 - 78.75 -
SINAD(") | distortion
ratio Differential BOOST =1 - 82 -
ifferentia
(2 MSPS) BOOST=0 - 84.2 -
BOOST =1 - 77.6 -
. Single ended
Signal-to- BOOST =0 - 79 -
SNR(1) noise ratio dB
BOOST =1 - 82.4 -
(2 MSPS) Differential
BOOST =0 - 84.3 -
BOOST =1 - -85 -
Single ended
Total BOOST =0 - -88 -
THD() harmonic 00S ] 0
: ; B T= - -9 -
distortion Differential
BOOST =0 - -93 -

1. Guaranteed by characterization.

2. ADC DC accuracy values are measured after internal calibration.

w

ADC accuracy versus negative injection current: injecting 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 current.

N o o &

S74

Dual Simultaneous mode is limited to 12-bit.

The above table gives the ADC performance in 16-bit mode.

DS12502 Rev 5

Dual mode consisting in an injected conversion (reset) occurring during another (regular) conversion is forbidden.
Dual Interleaved 16-bit/14-bit/12-bit modes can work if the delay between the 2 ADCs is as specified in Table 77.
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8. ADC clock frequency <36 MHz, 2 V < Vppa < 3.3 V, 1.6 VV < Vreps < Vppa, BOOSTEN (for 1/0) = 1.
9. VDDA = VREF+ =3.3 V, 25 °C.
10. ET, ED, EL are specified for [2 V < Vppa < 3.3 V with 2 V < Vreps < Vppal and [1.6V < Vppa < 2 V with 1.6V < Vrgps <

Vopal-

11. ENOB, SINAD, SNR and THD are specified for Vppa = Vrgp+ = 3.3 V.

Table 77. Minimum delay for interleaved conversion versus resolution

16-bit Mode 14-bit mode 12-bit Mode
Boost | Fclk (MHz) ADCD'TII:)ISCZ D(;':g;;t)e ADCD‘(I%II:)IIDCZ D(::g;;t)e ADCD‘TIIX)I,DCZ D(;';g;;t)e
(clock cycles) (clock cycles) (clock cycles)
0 1 1.5 1.0 15 1.0 15 1.0
0 2 1.5 2.0 1.5 2.0 1.5 2.0
0 3 1.5 1.5 1.5 1.5 1.5 15
0 4 1.5 2.0 1.5 20 1.5 2.0
0 5 1.5 1.7 1.5 1.7 1.5 2.5
0 6 1.5 20 15 20 1.5 2.0
0 7 25 1.8 15 2.3 1.5 2.3
0 8 25 2.0 25 2.0 15 2.7
0 9 3.5 1.8 25 2.3 25 2.3
0 10 3.5 2.0 3.5 2.0 25 25
0 11 4.5 1.8 3.5 2.2 25 2.8
0 12 4.5 20 4.5 20 3.5 24
0 13 4.5 2.2 4.5 2.2 3.5 2.6
0 14 45 2.3 45 2.3 3.5 2.8
0 15 55 21 4.5 25 3.5 3.0
0 16 5.5 2.3 4.5 2.7 3.5 3.2
0 17 5.5 2.4 4.5 2.8 3.5 3.4
0 18 5.5 2.6 4.5 3.0 3.5 3.6
0 19 5.5 2.7 4.5 3.2 3.5 3.8
0 20 5.5 29 4.5 3.3 3.5 4.0
1 21 4.5 3.5 3.5 4.2 3.5 4.2
1 22 4.5 3.7 3.5 44 3.5 4.4
1 23 4.5 3.8 3.5 4.6 3.5 4.6
1 24 4.5 4.0 4.5 4.0 3.5 4.8
1 25 4.5 4.2 4.5 4.2 3.5 5.0
1 26 45 4.3 45 4.3 3.5 5.2
1 27 5.5 3.9 4.5 4.5 3.5 54
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Table 77. Minimum delay for interleaved conversion versus resolution (continued)

16-bit Mode 14-bit mode 12-bit Mode
Boost | Fclk (MHz) AD([:)‘TII:)I/)CZ D("“';g;";t)e AD([:)‘TII:)I/)CZ D("“';g;";t)e ADg‘(IelI:)I;CZ D(;fg;;t)e
(clock cycles) (clock cycles) (clock cycles)
1 28 5.5 4.0 4.5 4.7 3.5 5.6
1 29 55 41 45 4.8 3.5 5.8
1 30 55 4.3 4.5 5.0 3.5 6.0
1 31 5.5 4.4 4.5 5.2 3.5 6.2
1 32 5.5 4.6 4.5 5.3 3.5 6.4
1 33 5.5 4.7 4.5 5.5 3.5 6.6
1 34 5.5 4.9 4.5 5.7 3.5 6.8
1 35 55 5.0 45 5.8 3.5 7.0
1 36 55 5.1 45 6.0 3.5 7.2
Note: ADC accuracy vs. negative injection current: injecting a negative current on any analog

3

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 Ijnypiny @and 3 lingpiny in
Section 6.2 does not affect the ADC accuracy.

DS12502 Rev 5
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Figure 39. ADC accuracy characteristics
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MDD =

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.

Figure 40. Typical connection diagram using the ADC
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Refer to Table 74 for the values of RAIN, RADC and CADC.

Cparasitic represents the capacitance of the PCB (dependent on soldering and PCB layout quality) plus the
pad capacitance (roughly 5 pF). A high Cpaasitic Value downgrades conversion accuracy. To remedy this,
fapc should be reduced.
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General PCB design guidelines

PCB design guidelines are provided in AN5031 “Getting started with STM32MP1 Series
hardware development.” available from the ST website www.st.com.

6.3.23 DAC electrical characteristics
Table 78. DAC characteristics("(2)
Symbol Parameter Conditions Min Typ Max | Unit
Vppa Analog supply voltage - 1.8 3.3 3.6
VREF+ Positive reference voltage - 1.80 - Vbpa Vv
Vv Negative reference ) ) vV )
REF- voltage SsA
DAC output connected to 5 ) )
. buffer ON, Not | VssaA
Rp Resistive Load L
valid in Sample | connected to 25 kQ
& Hold mode |y,
Ro Output Impedance DAC output buffer OFF 10.3 13 16
Output impedance sample DAC output Vpp =27V - - 1.6
Reon and hold mode, output buffer ON kQ
buffer ON Vbp=2.0V - - 26
Output impedance sample Vpp=2.7V - - 17.8
Reorr and hold mode, output Elﬁfirogtﬁ;t kQ
buffer OFF Vpp =2.0V - - 18.7
CL DAC output buffer OFF - - 50 pF
Capacitive Load
CsH Sample and Hold mode - 0.1 1 uF
Vbpa
DAC output buffer ON 0.2 - -
Vv Voltage on DAC_OUT 0.2® Vv
DAC_OUT | qutput
DAC output buffer OFF 0 - VReF
+
Settling time (full scale: for | Normal mode,
a 12-bit code transition DAC output +1LSB - 2 -
¢ between the lowest and | buffer ON s
SETTLING | the highest input codes | Normal mode, H
when DAC_OUT reaches | paC output buffer OFF, - - 2
the final value of +1LSB) +/-1LSB, Cload < 10 pF
Wakeup time from off Normal mode, . 5 75
¢ (4) | state (setting the Enx bit in DAC output buffer ON s
WAKEUP™ " | the DAC Control register) | Normal mode, H
until the +1LSB final value | pAC output buffer OFF - 2 5
I .| Normal mode
PSRR Vppa supply rejection ratio DAC output buffer ON - -80 -28 dB
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Table 78. DAC characteristics(!2) (continued)

Symbol Parameter Conditions Min Typ Max | Unit
Sampling time in Sample | DACMCR.MODEX[2:0] =
and Hold mode 100/101 - 0.7 -
Csy=100nF (BUFFER ON)
tsamP (Code transition between | DACMCR.MODEX[2:0] = 110 ms
the lowest input code and | gUFFER OFF) - 1.5 -
the highest input code
when DAC_OUT reaches | DACMCR.MODEx[2:0] = 111 i 0.3 i
final value + 1LSB) (INTERNAL BUFFER OFF) '
Internal sample and hold
Clint capacitor i ) ) 22 ) PF
v Middle code offset for 1 VRrer+ =36V - 450 - v
offset trim code step VReps = 1.8V - 213 - g
No load, middle ) 360 )
DAC output code (0x800)
buffer ON No load, worst i 490 i
code (0xF1C)
DAC quiescent
| . No load,
PDABAC) | consumption from Vppa Eﬂfifgﬁgt middle/worst - 20 .
code (0x800)
360xTON/
Sample and Hold mode
’ - TON+TOFF -
CSH =100 nF ( (5) )
No load, middle ) 170 )
DAC output code (0x800) MA
buffer ON No load, worst i 170 i
code (0xF1C)
No load,
. DAC output middle/worst - 160 -
DAC consumption from buffer OFF
Ibbv(DAC) VREF+ code (0x800)
Sample and Hold mode, Buffer ) ('Ij(;l(\)l:-'ll—'(())ll\:l{:) )
ON, Cgy = 100 nF (worst code) (5)
Sample and Hold mode, Buffer ) (;g,?lf_ll-_g',\__l{:) )
OFF, Cgy = 100 nF (worst code) (5)

Guaranteed by design.

2. Unless otherwise noted, C| < 50 pF with R_ 2 5 kQ when DAC output buffer is ON, or C| < 10 pF with no R when DAC
output buffer is OFF.

Since Vrgr+ must always be < VDDA, maximum Vpac oyt = minimum value between Max(Vger+) and Max(Vppa-0.2)

4. In buffered mode, the output can overshoot above the final value for low input code (starting from the minimum value).

TON is the refresh phase duration, while TOFF is the hold phase duration. Refer to the product reference manual for more

details.
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Table 79. DAC accuracy(!

Symbol Parameter Conditions Min Typ(z) Max Unit
Differential
DNL non - - +2 - LSB
linearity®)
INL Integral flon - - +4 - LSB
linearity
v : :
Offset error | DAC output | =
Offset at code buffer ON | ypce, = i +7 i LSB
0x800 4 1.8V -
DAC output buffer OFF - 18 -
Offset error
Offset1 at code DAC output buffer OFF - 5 - LSB
0x001®)
Gain Gain error(®) - - 11 - %
Total VREF+=3'6 V - +10 -
TUECal  |unadjusted Eﬁfir"gﬁ“t LSB
error VRrer+=1.8 V - +8 -
SNR signalto- 14 47 BW = 500 kHz - 67.8 - dB
noise ratio
Total
THD harmonic 1kHz - -78.6 - dB
distorsion(”)
Signal-to-
SINAD noise and gy, - 67.5 - dB
distortion
ratio”)
Effective
ENOB number of 1 kHz - 10.9 - bits
bits

N

output buffer is OFF.

o DN

last Code 4095.

o o

Guaranteed by characterization.

Difference between two consecutive codes minus 1 LSB.

Difference between the value measured at Code (0x001) and the ideal value.

when the buffer is OFF, and from code giving 0.2 V and (Vggg+ - 0.2 V) when the buffer is ON.
7. Signal is -0.5dBFS with Fgampling=1 MHz.

3
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Unless otherwise noted, C| < 50 pF with R = 5 kQ when DAC output buffer is ON, or C| < 10 pF with no R_. when DAC

Difference between measured the value at Code i and the value measured at Code i on a line drawn between Code 0 and

Difference between the ideal slope of the transfer function and the measured slope computed from code 0x000 and OxFFF
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Figure 41. 12-bit buffered /non-buffered DAC

Buffered/Non-buffered DAC

Buffer(1)
R — RL
12-bit | DAC_OUTx AR A A
digital o I
analog I I I *
converter | —
I _ 1 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.

6.3.24 Voltage reference buffer characteristics

Table 80. VREFBUF characteristics(!

Symbol Parameter Conditions Min Typ Max Unit

VSCALE =000 2.8 3.3 3.6

VSCALE = 001 24 - 3.6
Normal mode
VSCALE =010 21 - 3.6
VSCALE =011 1.8 - 3.6
Vppa Analog supply voltage
VSCALE = 000 1.62 - 2.80
VSCALE = 001 1.62 - 2.40
Degraded mode®
VSCALE =010 1.62 - 2.10
VSCALE =011 1.62 - 1.80
VSCALE = 000 2498 | 2.500 | 2.502
Normal mode v
@30 °C VSCALE = 001 2.047 | 2.049 | 2.051
@lioad = 10 UA VSCALE =010 | 1.800 | 1.804 | 1.807
VDDA =33V
VSCALE =011 1.500 | 1.504 1.507
VA=
VRrersur | Voltage Reference VSCALE =000 | 0% | - Voba
_ouT Buffer Output v
- DDA" .
VSCALE = 001 220 mV Vpbpa
Degraded mode® v
- DDA" .
VSCALE =010 220 mV Vopa
VSCALE =011 | /DDA - V,
220 mV DDA
TRIM Trim step resolution - - - +0.05 - %
C, Load capacitor - - 0.5 1 1.50 uF

3
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Table 80. VREFBUF characteristics(!) (continued)

Symbol Parameter Conditions Min Typ Max Unit
Equivalent Serial
esr Resistor of C| i i i i 2 Q
lioad Static load current - - - - 4 mA
lioad = 500 pA - 200 -
line_reg | Line regulation 28V<sVppas36V ppm/V
lioad = 4 MA - 100 -
. 500 UA < lLOAD < ppm/
load_reg |L0ad regulation 4 mA Normal Mode - 50 - mA
Tcoeff_
Temperature AN o o ) ) VREF . ppm/
Teoeff | coefficient 40°C < Ty <+125°C INT °C
+75
DC - - 60 -
PSRR Power supply rejection dB
100 kHz - - 40 -
C_=05pF - - 300 350
tSTART Start—up tlme(3) CL =1 HF - - 500 650 us
C .=15pF - - 650 800
Control of maximum
DC current drive on
I : - - 8 13.5 mA
INRUSH | Veersur_out during
startup phase(
| VREFBUF lLoap = 0 kA - - 15 16
DDA(VRE | consumption from lLoaD = 500 A - - 16 21 HA
FBUF) Vppa
lLOAD =4 mA - - 32 41
RVREF | pyll-down resistor i ) 100 ) a
BUF_PUID | when ENVR = HIZ =0
own

1. Guaranteed by design.

2. In degraded mode, the voltage reference buffer cannot accurately maintain the output voltage (Vppa-drop voltage).

if VREF+ pin has residual voltage when VREFBUF is enabled (VREFBUF_CSR.ENVR=1), this might create an overshoot
on VREFBUF output longer than tgarT-
To avoid this, it is necessary that VREF+ pin is correctly discharged before being enabled (below VREFBUF_OUT minus
1V, for example below 1.5 V for VSCALE = 000)
This could be achieved by ensuring VREFBUF is in OFF mode (VREFBUF_CSR.ENVR=0 and VREFBUF_CSR.HIZ=0) for
sufficient time to discharge C, through VREFBUF pull-down.

4. To properly control VREFBUF | yrush current during the startup phase and the change of scaling, Vppp voltage should be
in the range of 1.8 V-3.6 V, 2.1 V-3.6 V, 2.4 V-3.6 V and 2.8 V-3.6 V for VSCALE = 011, 010, 001 and 000, respectively.

3
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6.3.25 Temperature sensor characteristics

Table 81. Temperature sensor characteristics

Symbol Parameter Min | Typ | Max | Unit

VSENSE linearity with temperature (from Vsensor ) ) 3

TL(1) voltage) °c
VSENSE linearity with temperature (from ADC counter) - - 3

Avg_SIope(z) Average slope (from Vsensor voltage) - 2 - Ve
Average slope (from ADC counter) - 2 -

V3o Voltage at 30 °C + 5 °C - |o62| - Y%

tstan_run(” Startup time in Run mode (buffer startup) 5.3 - 405

tS_temp(1) ADC sampling time when reading the temperature 9.8 - - He

Isens“) Sensor consumption 0.11 1 0.18 | 0.31

Isensbuf(” Sensor buffer consumption 23| 38 | 6.1 HA

1. Guaranteed by design.
2. Guaranteed by characterization.
3. Measured at Vppa = 3.3 V £ 10 mV. The V37 ADC conversion result is stored in the TS_CAL1 byte.

Table 82. Temperature sensor calibration values

Symbol Parameter Memory address

TS ADC raw data acquired at temperature of
TS_CAL1 30°C5°C 0x5C00 525C[15:0](12)
VDDA = VREF+ =33Vx10mV

TS ADC raw data acquired at temperature of
TS_CAL2 130°C 2 °C 0x5C00 525C[31:16](N ()
VDDA = VREF+ =3.3Vxi0mV

1. Itis mandatory to read a 32-bit word and to do relevant masking and shifting to isolate the required bits.

2. This address is located inside the BSEC and the access is allowed after being enabled in the RCC.

6.3.26 DTS characteristics

Table 83. DTS characteristics(!

Symbol Parameter Conditions Min | Typ | Max | Unit
Output Clock frequency (PTAT

fors CIOC"I’() quency ( - - |500| - | kHz

TsLoPE Average slope - - 1600 - Hz/°C
Linearity with temperature (from _ ) ) R

L Output clock frequency). Vbocore =12V 3.8 c

T Vbbcore = 1.2V

TOTAL_ Temperature measurement error | Temperature: -5 - +5 °C
ERROR -40 t0 125 °C
204/255 DS12502 Rev 5 1S7]
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Table 83. DTS characteristics() (continued)

Symbol Parameter Conditions Min | Typ | Max | Unit
Tvbp Adc.im.onal error due to Vppcore ) ) 10 ) GV
CORE variation

trrim Calibration time - 2 - - ms
i Wake-up time from off state until ) ) 50 ) s
WAKE_UP DTS ready signal = 1 H
lDDCORE_DTS DTS consumption on VDDCORE - - 20 - UA

1. Guaranteed by design.

6.3.27  Vpgat ADC monitoring characteristics and charging characteristics

Table 84. Vgat ADC monitoring characteristics

Symbol Parameter Min Typ Max Unit
R Resistor bridge for Vgat - 26 - kQ
Q Ratio on Vgar measurement - 4 - -
Er(") Error on Q -10 - +10 %
tS_vbat(1) ADC sampling time when reading Vgar input 9.8 - - us
1. Guaranteed by design.
Table 85. Vgt charging characteristics
Symbol Parameter Condition Min Typ Max | Unit
VBRS in PWR_CR3=0 - 5 -
Rgc Battery charging resistor kQ
VBRS in PWR_CR3= 1 - 1.5 -

6.3.28 Temperature and Vgar monitoring characteristics for
tamper detection

Table 86. Temperature and Vga1 monitoring characteristics for temper detection

Symbol Parameter Min Typ Max Unit
TEMPygn | High temperature monitoring 105 116 126 oc
TEMP),,, |Low temperature monitoring -42 -31 -20
Veathign' " | High supply monitoring 347 | 350 | 373 |
Veatiow'” | Low supply monitoring 1.3 134 | 1.43
1. Monitored supply is Vg (i.e. Vpp if Vpp is present, Vgat otherwise)
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6.3.29 Vbpcore Mmonitoring characteristics

Table 87. Vppcore monitoring characteristics

Symbol Parameter Min Typ Max Unit

) ADC sampling time when reading Vppcore

1
ts_vddcore input 100 - - ns

1. Guaranteed by design.

6.3.30 Voltage booster for analog switch

Table 88. Voltage booster for analog switch characteristics

Symbol Parameter Condition Min | Typ | Max | Unit
Vpp Supply voltage - 171 - 36| V
tsusoosT) | Booster startup time - - - 50 | s

) 1.71V<sVpp<s27V - - 125
IppOOST) | Booster consumption 27V <Vpy <36V - " T250 MA

6.3.31 Compensation cell

Table 89. Compensation cell characteristics

Symbol Parameter Condition Min | Typ | Max | Unit
| Vpp current consumption 1.71VsVpp 2.7V } - |35 mA
COMPCELL | during code calculation 2.7V <Vpp <36V RN
- Time needed for code 1.71VsVpp=27V - - | 300 .

READY" | calculation 27V <Vpp <36V S - T2s0] "

6.3.32 Digital filter for sigma-delta modulators (DFSDM) characteristics

Unless otherwise specified, the parameters given in Table 90 for DFSDM are derived from
tests performed under the ambient temperature, f,¢ frequency and Vpp supply voltage
summarized in Table 13: General operating conditions, with the following configuration:

e  Output speed is set to OSPEEDRy[1:0] = 10

e  Capacitive load C = 30 pF

¢  Measurement points are done at CMOS levels: 0.5xVpp

Refer to Section 6.3.17: /O port characteristics for more details on the input/output alternate

function characteristics (DFSDMx_CKINx, DFSDMx_DATINx, DFSDMx_CKOUT for
DFSDMx).

3
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Table 90. DFSDM measured timing

Symbol Parameter Conditions Min Typ Max Unit
fDFSDMCLK DFSDM clock 1.71V < VDD <36V - - fSYSCLK
SPI mode (SITP[1:0]=0,1),
External clock mode ) ) 20
(SPICKSEL[1:0]=0), (forspmeLk/4)
1.71V<Vpp<3.6V
SPI mode (SITP[1:0]=0,1),
External clock mode ) ) 20
(SPICKSEL[1:0]=0), (forspmcLk/4)
fokin Input clock 27<Vpp<36V
(1Mckin) | frequency SPI mode (SITP[1:0]=0,1), MHz
Internal clock mode ) ) 20
(SPICKSEL[1:0]0), (‘orspmeLk/4)
1.71<Vpp<3.6V
SPI mode (SITP[1:0]=0,1),
Internal clock mode ) ) 20
(SPICKSEL[1:0]20), (forspmcLk/4)
27<Vpp<36V
Output clock
fCKOUT frequency 1.71< VDD <36V - - 20
Output clock
DuCyckouT | frequency duty 1.71<Vpp<3.6V 45 50 55 %
cycle
SPI mode (SITP[1:0]=0,1),
twh(CKIN) Input clock high | External clock mode ) )
tuckiny | and low time (SPICKSEL[1:0]=0), Tekin/2-0.5 | Toxin/2
1.71<Vpp<3.6V
SPI mode (SITP[1:0]=0,1),
¢ Data input setup | External clock mode 1 ) )
su time (SPICKSEL[1:0]=0),
1.71< VDD <36V
SPI mode (SITP[1:0]=0,1), ns
t Data input hold External clock mode 05 ) )
h time (SPICKSEL[1:0]=0), ’
1.71<Vpp<3.6V
Manchester mode
Mapchester data |(SITP[1:0]=2,3), (CKOUTDIV+1) (2xCKOUTDIV)
TManchester | P€riod (recovered | Internal clock mode T 1) - xT “
clock period) (SPICKSEL[1:0]'0), DFSDMCLK DFSDMCLK
1.71<Vpp<3.6V
1. See DFSDM section in RM0442 reference manual for definition of CKOUTDIV.
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Figure 42. Channel transceiver timing diagrams
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6.3.33

3

Camera interface (DCMI) characteristics

Unless otherwise specified, the parameters given in Table 91 for DCMI are derived from
tests performed under the ambient temperature, F,,o, o« frequency and Vpp supply voltage
summarized in Table 13: General operating conditions, with the following configuration:

e DCMI_PIXCLK polarity: falling

e DCMI_VSYNC and DCMI_HSYNC polarity: high

e Data formats: 14 bits

e Capacitive load C = 30 pF

e  Measurement points are done at CMOS levels: 0.5xVpp

Table 91. DCMI characteristics(!

Symbol Parameter Min Max Unit
- Frequency ratio DCMI_PIXCLK/F ey ok - 0.4 -
DCMI_PIXCLK | Pixel clock input - 80 MHz
Dpixel Pixel clock input duty cycle 30 70 %
tsuipaTA) Data input setup time 2 -
th(DATA) Data input hold time 0.5 -
t
su(HSYNC) DCMI_HSYNC/DCMI_VSYNC input setup time 2 - ns
tsuvsyne)
{
h(HSYNC) DCMI_HSYNC/DCMI_VSYNC input hold time 1 -
thvsyne)
1. Guaranteed by characterization results.
Figure 43. DCMI timing diagram
1/DCM|_P|XCLK
>
oo ppen [N/ NS
—H— tsu(HSYNC) thHsyne) —hi—id—
DCMI_HSYNC _\___/—\_ ______________ /N
—H— teu Vsch) th(HSYNC)—Pi—H—
DCMI_VSYNC \ ‘ / ?:
. tsu(pATAz i thDATA) o
DATA(0:13] X X X X X X
‘ MS32414V2
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6.3.34 LCD-TFT controller (LTDC) characteristics
Unless otherwise specified, the parameters given in Table 92 for LCD-TFT are derived from
tests performed under the ambient temperature, Fq 4 frequency and Vpp supply voltage
summarized in Table 13: General operating conditions, 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
e  Output speed is set to OSPEEDRY[1:0] = 11
e Capacitive load C = 30 pF
e  Measurement points are done at CMOS levels: 0.5xVpp
e |/O compensation cell enabled
Table 92. LTDC characteristics (1)
Symbol Parameter Conditions Min Max Unit
27V<Vpp<3.6V i 9%
OSPEEDR][1:0] = 11, 10
foLk LTDC clock output frequency gglll\E/;D\lé{[[)‘?:(;] ?;(,5' 1\/ - 45 MHz
1.71V <Vpp <36V ) 38
OSPEEDR][1:0] = 10
DcLk LTDC clock output duty cycle - 45 55 %
IW(CLKH% Clock High time, low time - twcLky2 - 0.5 |tycLky2 + 0.5
w(CLKL)
o OSPEEDR[1:0] = 11 -
ty(paTA) Data output valid time OSPEEDR[1:0] = 10 - 2
thoaTta) | Data output hold time - 0 - s
ty(HSYNC), OSPEEDR[1:0] = 11 - 2.5
IXEEETNC)' HSYNC/VSYNC/DE output valid time OSPEEDR[1:0] = 10 ] a5
th(HsyNC),
thvsyne): | HSYNC/VSYNC/DE output hold time - 0 -
th(oE)

1. Guaranteed by characterization results.
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Figure 44. LCD-TFT horizontal timing diagram
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Figure 45. LCD-TFT vertical timing diagram
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6.3.35

6.3.36

212/255

Timer characteristics

The parameters given in Table 93 are guaranteed by design.

Refer to Section 6.3.17: I/O port characteristics for details on the input/output alternate
function characteristics (output compare, input capture, external clock, PWM output).

Table 93. TIMx characteristics(1(2)

Symbol Parameter Min Max Unit
tres(TIM) Timer resolution time 1 - HrIMxCLK
frIMxCLK Timer kernel clock 0 209

MHz
fexT Timer external clock frequency on CH1 to CH4 0 frimxcLk/2
ResTy Timer resolution - 16/32 bit
Maximum possible count with 16-bit counters 65536
tMAX_COUNT | Maximum possible count with 32-bit counter B 65536 x trimxcLk
(TIM2, TIM5) 65536
1. TIMx is used as a general term to refer to the TIM1 to TIM17 timers.
2. Guaranteed by design.
Table 94. LPTIMx characteristics(!(?

Symbol Parameter Min Max Unit
tres(TIM) Timer resolution time 1 - trIMxCLK
fipTimxck | Timer kernel clock 0 104.5
fext Timer external clock frequency on Input1 and 0 fLPTIMxCLK! MHz

Input2 2
Restim Timer resolution - 16 bit
tmax_count | Maximum possible count - 65536 tTIMxCLK

1. LPTIMx is used as a general term to refer to the LPTIM1 to LPTIM5 timers.
2. Guaranteed by design.

Communications interfaces

12C interface characteristics

The 12C interface meets the timings requirements of the 12C-bus specification 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 1 Mbit/s.

The I%C timings requirements are guaranteed by design when the 12C peripheral is properly
configured and when the i2c_ker_ck frequency is greater than the minimum shown in the
table below:

3
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Table 95. Minimum i2c_ker_ck frequency in all 12C modes

Symbol Parameter Condition Min Unit
Standard-mode R >
Analog filter ON 8
DNF=0
Fast-mode
12CCLK Analog filter OFF °
f(12CCLK) DNF=1 MHz
frequency
Analog filter ON 19
DNF=0
Fast-mode Plus
Analog filter OFF 16
DNF=1

3

The SDA and SCL /O requirements are met with the following restrictions:

e 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.

e  The 20 mA output drive requirement in Fast-mode Plus is not supported. This limits the
maximum load Cy,4 supported in Fm+, which is given by these formulas:

trspasscr) = 0.8473 x Ry x Cgaq

Rpmin) = (Vbp-VYoL(max))/loL(max)

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

All 12C SDA and SCL I/Os embed an analog filter. Refer to Table 96 for the analog filter
characteristics:

Table 96. 12C analog filter characteristics(!)

Symbol Parameter Min Max Unit

Maximum pulse width of spikes that

@ (3)
are suppressed by the analog filter 40 260 ns

taF

1. Guaranteed by design.
2. Spikes with widths below tar(min) are filtered.

3. Spikes with widths above tarmay) are not filtered.

The 12C pins can be set in FM+ mode in SYSCFG_PMCR register.

Unless otherwise specified, the parameters given in Table 55 are derived from tests
performed under the ambient temperature and Vpp supply voltage conditions summarized
in Table 13: General operating conditions.
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Table 97. 12C FM+ pin characteristics
Symbol Parameter Conditions Min Max Unit
Fmax(” Maximum frequency C =50 pF - 1 MHz
Tf(z) Output high to low level fall time 1.71<Vpp=36V - 5 ns

214/255

1. The maximum frequency is defined with the following conditions:

- (Tr + Tf) < 24T

- 45% < duty cycle < 55%.

2. The fall time is defined between 70% and 30% of the output waveform accordingl to 12c specification NXP
UM10204 rev- Oct 2012.

SPI interface characteristics

Unless otherwise specified, the parameters given in Table 98 for the SPI interface are
derived from tests performed under the ambient temperature, foqkx frequency and Vpp
supply voltage conditions summarized in Table 13: General operating conditions, 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: 0.5xVpp

e |/O compensation cell enabled
e  HSLV activated when Vpp <2.7 V

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

DS12502 Rev 5
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Table 98. SPI dynamic characteristics(!)

Symbol Parameter

Conditions

Min

Typ

Max

Unit

fsck SPI clock frequency

Master mode
1.71V<Vpps36V
SPI1

Master mode
27V<sVpps36V
SPI1

Master mode
1.71V<Vpp<36V
SPI2, SPI3

Master mode
27V<Vpps36V
SPI2, SPI3

Master mode
171V =Vpps36V
SPI4, SPI5, SPI6

Slave receiver mode
1.71V<Vpps36V
SPI1, SPI2, SPI3

Slave receiver mode
1.71V<Vpps36V
SPI14, SPI5, SPI6

Slave mode transmitter/full duplex
27V<sVpps36V

Slave mode transmitter/full duplex
1.71V<Vpps36V

70

80

80

100

66

100

66

38@)

35()

MHz

tsunss) | NSS setup time

th(NSS) NSS hold time

Slave mode

tw(sckH)

SCK high and low time
tw(sck)

Master mode

Tpclk -1

Tpclk

T k+1

pcl

ns
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Table 98. SPI dynamic characteristics( (continued)

Symbol Parameter Conditions Min Typ Max Unit
t Master mode 1 - -
suMb Data input setup time
tsu(sn Slave mode 2 - -
thowiry Master mode 3 - -
Data input hold time
th(siy Slave mode 1 - -
taiso) Data output access time | Slave mode 9 11 16
tyisisoy | Data output disable time | Slave mode 3 5 7.5
Slave mode ) 1 13 ns
27V<Vpps36V
ty(so) .
Data output valid time Slave mode ) 11 14
1.71V<Vpps36V
tymo) Master mode - 1.5 25
¢ Slave mode 8
h(sO - -
O | bata output hold time 1.71V=sVpp<3.6V
thovo) Master mode 1 - -

1. Guaranteed by characterization results.

2. Maximum frequency in slave transmitter mode is determined by the sum of t,,5o) and g,y which has to fit into SCK low or
high phase preceding the SCK sampling edge. This value can be achieved when the §T£I communicates with a master
having ts, i) = 0 while Duty(SCK) = 50%.

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

i<—tc(SCK)—>i i<—th(NSS)—>‘1

sy nssy ™ —twscrHy ™

§ >t scky—

CPHA=0 ., §
CPOL=0 1 1

SCK input

CPHA=0 T\ S /o S
CPOL=1 T N4 T N 3

_ta(SO)_fH

MISO output 4<

—tsu(5|)>y—v<—

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

MSv41658V1

H—tw(SCKL)—>§ -ty 50y —thso)y T+ »—a-tyscky— —taissop—=

First bit OUT >< Next bits OUT >< Last bit OUT >—

_—th(g)—»}
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Figure 47. SPI timing diagram - slave mode and CPHA = 11

NSS input \ /
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1. Measurement points are done at 0.5%xVpp and with external C, = 30 pF.
Figure 48. SPI timing diagram - master mode(!)
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1. Measurement points are done at 0.5xVpp and with external C| = 30 pF.
I2S interface characteristics

Unless otherwise specified, the parameters given in Table 99 for the 12S interface are
derived from tests performed under the ambient temperature, foqkx frequency and Vpp
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supply voltage conditions summarized in Table 13: General operating conditions, with the

following configuration:

e  Output speed is set to OSPEEDRy[1:0] = 10
e  Capacitive load C = 30 pF

¢  Measurement points are done at CMOS levels: 0.5xVpp

e |/O compensation cell enabled

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

Table 99. 12S dynamic characteristics(")

Symbol Parameter Conditions Min Max Unit
fmck 12S main clock output - 256x8K | 256x%Fs MHz
Master data - 64xFs
fek 12S clock frequency MHz
Slave data - 64xFs
tyws) WS valid time Master mode - 6.5
thws) WS hold time Master mode 0.5 -
tsuws) WS setup time Slave mode 1 -
thows) WS hold time Slave mode 0 -
t Master receiver 2 -
Su(SD_MR) Data input setup time
tsusp_sRr) Slave receiver 1.5 - s
th(sb MR Master receiver 2 -
(SD_MR) Data input hold time
th(sb_sR) Slave receiver 0.5 -
tysp sT Slave transmitter (after enable edge) - 15
v(SD_ST) Data output valid time
tysp_mT) Master transmitter (after enable edge) - 1
thisD sT Slave transmitter (after enable edge) 8.5 -
(80_ST) Data output hold time
thisp_mT) Master transmitter (after enable edge) 0 -

1. Guaranteed by characterization results.
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Figure 49. 12S slave timing diagram (Philips protocol)(!)

- tC(CK) —p!

CK Input

4
tw(CKH) —<—>~—>:L tw(CKL) :/l—“—/_ th(ws)
WS input E E E E
tsu(ws) }ﬂ—> tv(SD_-S:I'-)" ) ; th(SD_ST)
SDtransmit X LSB transmit® X MSB transmij} Bitn-t-rz:lr:;r:’l-it l LSB transmit
tsu(SD_SR) I—»ﬂ—}: th(SD_SR)
SDreceive X LSB receive® MSB receive Bitn re-c:a-l\;e- i LSB receive

ai14881b

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

Figure 50. 12S master timing diagram (Philips protocol)m

. tiCK) > tr(CK)
T

CPOL=0

CK output

CPOL=1

tv(ws) > ty(CKL)

e-th(ws)
WS output E

>t-ty(SD_MT)  «>f-th(SD_MT)
SDtransmit X LSB transmit(z)X M:SB transmit Bitn transmit LSB transmit

tsu(SD_MR) h(SD_MR)
SDreceive X LSB receivel® MSB receive Bitn receive LSB receive

ai14884b

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

SAl characteristics

Unless otherwise specified, the parameters given in Table 100 for SAl are derived from tests
performed under the ambient temperature, Focik2 frequency and Vpp supply voltage
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conditions summarized in Table 13: General operating conditions, with the following
configuration:

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

Refer to Section 6.3.17: 1/O port characteristics for more details on the input/output alternate
function characteristics (SCK,SD,WS).

Table 100. SAI characteristics!"

Symbol Parameter Conditions Min Max Unit
fmck SAl Main clock output - - 50 MHz
Master transmitter ) 45
27V <Vpps36V
Master transmitter ) 27
1.71V<Vpp<36V
Master receiver ) 27
F SAI bit clock 1.71V < VDD <36V MH2
CK 2
frequency( ) Slave transmitter ) 45
27V<Vpps36V
Slave transmitter ) 31
1.71V<Vpp<36V
Slave receiver ) 50
1.71<Vpp<36V
Master mode 1"
27V<Vpp<36V
tV(FS) FS valid time
Master mode 18
1.71V<Vpp<36V
tsu(Fs) FS setup time Slave mode 7 -
Master mode 2 - ns
th(FS) FS hold time
Slave mode 2.5 -
tsu(sd A MR Master receiver 2 -
SU(SD_A_MR) Data input setup time
tsusb_B_SR) Slave receiver 1.5 -
t Master receiver 3 -
h(SD_AMR) Data input hold time
th(sD_B_SR) Slave receiver 0.5 -
220/255 DS12502 Rev 5 ‘Yl
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Table 100. SAI characteristics(?) (continued)

Symbol Parameter Conditions Min Max Unit
Slave transmitter (after enable edge) 1"
27V<Vpp<36V

tysp_g_st) |Data output valid time

- Slave transmitter (after enable edge) 16

171V <Vpps36V
thsp_s_st) | Data output hold time | Slave transmitter (after enable edge) 8.5 -

— ns
Master transmitter (after enable edge) 10
27V<Vpps36V

tysp_a mt) | Data output valid time
- Master transmitter (after enable edge) 18
1.71V<Vpp<36V
thsp_a_mT) | Data output hold time | Master transmitter (after enable edge) 7 -
1. Guaranteed by characterization results.
2. APB clock frequency must be at least twice SAI clock frequency.
Figure 51. SAl master timing waveforms
. 1fsck .
>
SAl_SCK_X \ \ : , ! B
: 5 : @ th(Fs)
SAI_FS_X | \I ; : ! /
(output) WFS) e ty(SD_MT)e—> «—»! th(SD_MT)
SAI_SD_X i : )C
- = Slat n Slot n+2
(transmit) X X X : X A on A
tsu(SD_MR) &—»e—> th(SD_MR)
SAl_SD_X I S’ot n I x
(receive) X X X X X
' MS32771V1
Figure 52. SAl slave timing waveforms
SAI_SCK_X , , ! ; : : .
tw(CKH_X) * ' ! tw(CKL_X) i | - pinFs)
SAI_FS_X . : ; /
(input) tSu(FS) ! ty(SD_ST) —» *—»th(SD_ST)
SAI_SD_X 0 . y
_SD_ Slot n Slot n+2 x
(transmit) X X : X X omn A
tsu(SD_SR) &—pe—>! th(SD_SR)
SA'_SD_X I 8,0'[ n I x
(receive) X X X + X X
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MDIOS characteristics

Table 101. MDIOS timing parameters

Symbol Parameter Min Typ Max | Unit
Fumbpe Management data clock - - 30 MHz
tympios)y | Management data input/output output valid time 6.5 8 19
tsumpios) | Management data input/output setup time 1 - - ns
thpios)y | Management data input/output hold time 0.5 - -

The MDIOS controller is mapped on APB1 domain. The frequency of the APB bus should at
least 1.5 times the MDC frequency: Fyeq 2 1.5 * Fypc.

Figure 53. MDIOS timing diagram

3 Twmpc o
I >

MDIOS_MDC m

| tympios) |

MDIOS_MDIO(O) | X A

tsumpios) | thopios) |
e OOS) 1 MODS)

MDIOS_MDIO()) X | X

MSv50900V1

SD/SDIO MMC card host interface (SDMMC) characteristics

Unless otherwise specified, the parameters given in Table 102 for the SDIO/MMC interface
are derived from tests performed under the ambient temperature, Fy g frequency and Vpp
supply voltage conditions summarized in Table 13: General operating conditions, 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: 0.5xVpp
e |/O compensation cell enabled

e  HSLV activated when Vpp <2.7V

e Delay block disabled

Refer to Section 6.3.17: I/O port characteristics for more details on the input/output
characteristics.
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Table 102. Dynamic characteristics: SD / MMC / esMMC characteristics,
Vpp = 2.7 V to 3.6 V(N2

Symbol Parameter Conditions Min Typ Max Unit
fep Clock frequency in data transfer mode - 0 - 130 MHz
- SDIO_CK/fpqik2 frequency ratio - - - 8/3 -

tw(ckL) Clock low time fon = 52 MHZ 8.5 9.5 - o
tw(ckH) Clock high time 8.5 9.5 -

CMD, D inputs (referenced to CK) in MMC and SD HS/SDR®/DDR®) mode

tisu Input setup time HS 1.5 - -

tiH Input hold time HS - 1.5 - - ns
tipw™® Input valid window (variable window) 25 - -

CMD, D outputs (referenced to CK) in MMC and SD HS/SDR®/DDR®) mode

tov Output valid time HS - 5 6.5

ton Output hold time HS ) 2.5 - - "
CMD, D inputs (referenced to CK) in SD default mode

tisup Input setup time SD 1.5 - -

D Input hold time SD ) 15 ] - e
CMD, D outputs (referenced to CK) in SD default mode

tovp Output valid default time SD - 0.5 1.5

torp Output hold default time SD ) 0 - - "
1. Guaranteed by characterization results.
2. Above 100 MHz, C| = 20 pF.
3. For SD 1.8 V support, an external voltage converter is required.
4. The minimum window of time where the data needs to be stable for proper sampling in tuning mode.

Table 103. Dynamic characteristics: SD / MMC / esMMC characteristics
Vpp = 1.71V to 1.9 v()(2
Symbol Parameter Conditions Min Typ Max Unit
fep Clock frequency in data transfer mode - 0 - 105 MHz
- SDIO_CK/fpqik2 frequency ratio - - - 8/3 -

tw(ckL) Clock low time fon = 52 MHZ 8.5 9.5 - o
tw(ckH) Clock high time 8.5 9.5 -

CMD, D inputs (referenced to CK) in eeMMC mode

tisu Input setup time HS 1.5 - -

tiH Input hold time HS - 25 - - ns
tipw® Input valid window (variable window) 3 - -

CMD, D outputs (referenced to CK) in eeMMC mode
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Table 103. Dynamic characteristics: SD / MMC / esMMC characteristics
Vpp = 1.71 V to 1.9 V() (continued)

Symbol Parameter Conditions Min Typ Max Unit
tov Output valid time HS - 5 6
- ns
toH Output hold time HS 4 - -

1. Guaranteed by characterization results.

2. C_=20pF.

3. The minimum window of time where the data needs to be stable for proper sampling in tuning mode.
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Figure 54. SDIO high-speed mode
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Figure 55. SD default mode
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Figure 56. DDR mode

trck) tck) tw(ickH) twickL) trck)

tuout)  thijour) twour)  thgoum
— — — —

Dataoutput —— " pp D1 X D2 D3 D4 X D5 )—n—

tsran) thiany tsrany theany

Data input ( DO X D1 X D2 X D3 X D4 X D5 )—n—

MSv63044V1

Clock

FDCAN (controller area network) interface

Refer to Section 6.3.17: /O port characteristics for more details on the input/output alternate
function characteristics (FDCANx_TX and FDCANx_RX).

USB OTG_FS characteristics

The USB interface is fully compliant with the USB specification version 2.0 and is USB-IF
certified (for Full-speed device operation).

Table 104. USB OTG_FS electrical characteristics

Symbol Parameter Condition Min Typ Max Unit

USB transceiver operatin

VbD33uss voltage perating - 3.0 - 36 v

Ry Embeddgd U'SB_DP pull-up ) 900 1250 1600
value during idle

ReuR Embeddgd USB_DE pull-up _ 1400 2300 3200 Q
value during reception

ZpRy Output driver impedance® Driver high and low 28 36 44

1. The USB functionality is ensured down to 2.7 V but not the full USB electrical characteristics which are degraded in the 2.7
to 3.0 V voltage range.

2. No external termination series resistors are required on USB_DP (D+) and USB_DM (D-); the matching impedance is
already included in the embedded driver.

Note: When VBUS sensing feature is enabled, a typical 200 pA input current (required to
determine the different sessions validity according to USB standard) can be observed.

Ethernet (ETH) characteristics

Unless otherwise specified, the parameters given in Table 105, Table 106, Table 107,
Table 108 and Table 109 for MDIO/SMA, RMII, GMII, RGMII and MII are derived from tests
performed under the ambient temperature, F,yiss o« frequency summarized in Table 13:
General operating conditions, 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: 0.5xVpp.

3
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Refer to Section 6.3.17: I/O port characteristics for more details on the input/output
characteristics.

Table 105 gives the list of Ethernet MAC timings for the MDIO/SMA and Figure 57 shows
the corresponding timing diagram.

Table 105. Dynamics characteristics: Ethernet MAC timings for MDIO/SMA(")

Symbol Parameter Min Typ Max Unit
tmpbe MDC cycle time(2.5 MHz) 399 400 401
Td(MD|O) Write data valid time 0.5 1 3 ns
tsumpio) | Read data setup time 13.5 - -
th(MDIO) Read data hold time 0 - -

1. Guaranteed by characterization results.

Figure 57. Ethernet MDIO/SMA timing diagram

tMDC——— |
ETH_MDC \
ETH_MDIO(O) ><
tsu(MDIO) th(MDIO)
ETH_MDIO(l) 1 1

MS31384V1

Table 106 gives the list of Ethernet MAC timings for the RMII and Figure 58 shows the
corresponding timing diagram.

Table 106. Dynamics characteristics: Ethernet MAC timings for RMII(")

Symbol Parameter Min Typ Max Unit
tsu(RxD) Receive data setup time 2 - -
tin(RxD) Receive data hold time 1.5 - -
tsu(CRs) Carrier sense setup time 1.5 - - o
tin(crs) Carrier sense hold time 1.5 - -
tyrxeny | Transmit enable valid delay time 55 6.5 9.5
taTxo) Transmit data valid delay time 6 6.5 10

1. Guaranteed by characterization results.
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Figure 58. Ethernet RMII timing diagram

RMII_REF_CLK
t4(TXEN)
“—t4TxD)
RMII_TX_EN
RMII_TXD[1:0] ><
tsu(RXD) tih(RXD)
tsu(CRS) tih(CRS)
RMII_RXDI[1:0]
RMII_CRS_DV

2i15667b
Table 107 gives the list of Ethernet MAC timings for MIl and Figure 59 shows the
corresponding timing diagram.
Table 107. Dynamics characteristics: Ethernet MAC timings for M
Symbol Parameter Min Typ Max Unit

tsu(RXD) Receive data setup time 2 - -
tin(RxD) Receive data hold time 1 - -
tsuipv) Data valid setup time 1 - -
tinov) Data valid hold time 0.5 - - o
tsu(ER) Error setup time 1 - -
tinER) Error hold time 0.5 - -
tyrxen) | Transmit enable valid delay time 6 7.5 10.5
taTxp) Transmit data valid delay time 7 8 1
1. Guaranteed by characterization results.
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Figure 59. Ethernet MIl timing diagram
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Table 108. Dynamics characteristics: Ethernet MAC signals for GMII (1

Symbol Parameter Min Typ Max Unit
tsurxp) | Receive data setup time 1 - -
tin(RxD) Receive data hold time 0.5 - -
tsupv) Data valid setup time 1 - -
tinv) Data valid hold time 0.5 - - o
tsu(ER) Error setup time 1 - -
tihER) Error hold time 0.5 - -
tyrxen) | Transmit enable valid delay time 1 1.5 2
taTxo) Transmit data valid delay time 1 2 3

1. Guaranteed by characterization results.
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Figure 60. Ethernet GMII timing diagram
GMII_RX_CLK
tsurxD) tinRxD)
tsuEr) tiner)
. tsupv) tinov)
GMII_RXD[7:0]
GMII_RX_DV
GMII_RX_ER
GTX_CLK
taerxen:
t(j(TXD))
GMIL_TX_EN X
GMII_TXD[7:0]
MSv50970V1
Table 109. Dynamics characteristics: Ethernet MAC signals for RGMII (1
Symbol Rating Min Typ Max Unit
tsu(RxD) Receive data setup time 1.12() - -
tih@RXD) Receive data hold time 0.83@ - -
tsuRX_CTL) Receive control valid setup time 1.12(2) - -
= ns
tih(RX_CTL) Receive control valid hold time 0.83@ - -
TskewT(Tx_cTL) | Transmit control valid delay time -0.25 0.25 0.5
TskewT(TXD) Transmit data valid delay time -0.25 0.25 0.5
1. Guaranteed by characterization results.
2. Guaranteed by design.
Figure 61. Ethernet RGMII timing diagram
| tskenT
RGMII_GTX_CLK —\—/—
RGMII_TXD[3:0] X
RGMII_TX_CTL
b e
RGMII_RX_CLK / I e
RGMII_RXDI[3:0]
RGMI_RX_CTL
MSv50971vV2
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6.3.37 USART interface characteristics

Unless otherwise specified, the parameters given in Table 110 for USART are derived from
tests performed under the ambient temperature, fyc k frequency and Vpp supply voltage
conditions summarized in Table 110, with the following configuration:

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

Refer to Section 6.3.17: I/0 port characteristics for more details on the input/output alternate
function characteristics (NSS, CK, TX, RX for USART).

Table 110. USART characteristics("

Symbol Parameter Conditions Min Typ Max Unit

Master mode
USART2,3,6 125

fek USART clock frequency Master mode 165 MHz
USART1 ’
Slave mode - - 27

tsu(Nss) NSS setup time Slave mode tkert2 - - ns

thnss) NSS hold time Slave mode 2 - - ns

:""(CKH)’ CK high and low time Master mode Mexl2-1 | Afcki2 | ffigx/2 + 1 ns

w(CKL)
Master mode tkert3 - -

tsurx) Data input setup time ns
Slave mode 2 - -
Master mode 1 - -

thrx) Data input hold time ns
Slave mode 1 - -
Slave mode - 10 18

ty(x) Data output valid time ns
Master mode - 0.5 1
Slave mode 8 - -

th(TX) Data output hold time ns
Master mode 0 - -

1. 1.Guaranteed by characterization results.

6.3.38 USB High-Speed PHY characteristics

Table 111. USB High-Speed PHY characteristics(?)
Symbol Parameter Conditions Min | Typ | Max | Unit
RRrer Reference resistor on USB_RREF pin - 2.97 | 3.00 | 3.03 | kQ

3
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Table 111. USB High-Speed PHY characteristics(!) (continued)

Symbol Parameter Conditions Min | Typ | Max | Unit
One USB port - 1.4 -
High-Speed TX®?)
Two USB ports - 2.4 -
IDOATVIREGPHY) | i Speed RX@)/ idie One USB port S R e
Two USB ports - 104 | -
Ful-Speed and Low-Speed mode (Suspend, TX or RX) - 0 -
One USB port - | 255 -
High-Speed TX®?)
Two USB ports - |505| -
IDDATVE REGPHY) | ot Speed RX®)/ Idle One USB port B R W e
Two USB ports - 5.5 -
Ful-Speed and Low-Speed mode (Suspend, TX or RX) - 0 -
One USB port - 5 -
High-Speed X
Two USB ports - 7 -
One USB port - 6 -
High-Speed RX®) / Idle
Two USB ports - 10 -
One USB port - 0 -
Full-Speed Suspend (host mode)
Two USB ports - 0 -
One USB port - 0.2 -
Full-Speed Suspend (peripheral mode)
Two USB ports - 0.4 -
IDDA3V3_USBHS(PHY) One USB port Y mA
Full-Speed TX@ :
Two USB ports - 105 -
One USB port - 6.5 -
Full-Speed RX®)
Two USB ports - 11.5 -
One USB port - 7 -
Low-Speed TX(@)
Two USB ports - 11.5 -
One USB port - 4.3 -
Low-Speed RX®)
Two USB ports - 6.1 -

1. Guaranteed by design unless otherwise specified.
2. USB link 100% of the time in transmission
3. USB link 100% of the time in reception

6.3.39 JTAG/SWD interface characteristics

Unless otherwise specified, the parameters given in Table 112 and Table 113 for JTAG/SWD
are derived from tests performed under the ambient temperature, fr.; ¢ o« frequency and

3
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Vpp supply voltage summarized in Table 13: General operating conditions, with the
following configuration:

e  Output speed is set to OSPEEDRYy[1:0] = 0x10
e  Capacitive load C = 30 pF

¢  Measurement points are done at CMOS levels: 0.5xVpp

Refer to Section 6.3.17: I/O port characteristics for more details on the input/output
characteristics.

Table 112. Dynamics characteristics: JTAG characteristics

Symbol Parameter Conditions Min Typ Max Unit
Fop Tk clock 27V<Vpp<36V - - 35 MH
z
1hterek) frequency 1171 v <vpy<3.6V - - 27
. TMS input
Usu(Tms) setup time ) 25 ) )
i TMS input 1
'h(TMS) hold time - - -
" TDI input 2
'su(TDI) setup time ) ) )
i TDI input ] ns
'n(TDI) hold time ; ; -
TDO output |27V <Vpp<3.6V - 8 14
t L
ov(1PO) valid time 1,74 v < Vpp< 3.6 V - 8 18
¢ TDO output 7
oh(TDO) hold time i i i
Table 113. Dynamics characteristics: SWD characteristics
Symbol Parameter Conditions Min Typ Max Unit
Fop SWCLK 27V<Vpp<36V - - 71
clock MHz
1/tC(SWCLK) frequency 1.71V< Vpp<3.6V - - 55
. SWDIO input
tsuswoio) setup time ) 25 ) )
i SWDIO input 1
'h(SwDIO) hold time i i )
SWDIO 27V<Vpp<36V - 8.5 14 ns
t output valid
oV (SWRIO) e 171V<Vpp<36V| - 8.5 18
SWDIO
tOh(SWDlO) output hold - 8 - -
time
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Figure 62. JTAG timing diagram
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Figure 63. SWD timing
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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.

TFBGA257 package information

This TFBGA is a 257 balls, 10x10 mm, 0.5/0.65 mm pitch, low profile fine pitch ball grid
array package

Figure 64. TFBGA257 - Outline
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Drawing is not to scale.

The tolerance of position that controls the location of the pattern of balls with respect to datums A and B.
For each ball there is a cylindrical tolerance zone eee perpendicular to datum C and located on true

position with respect to datums A and B as defined by e. The axis perpendicular to datum C of each ball
must lie within this tolerance zone
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Table 114. TFBGA257 - Mechanical data

millimeters inches(!)
Symbol
Min Typ Max Min Typ Max
A - - 1.200 - - 0.0472
A1) 0.170 - - 0.007 - -
A2 - 0.810 - - 0.0319 -
b(®) 0.250 0.300 0.350 0.010 0.012 0.0157

D 9.850 10.000 10.150 0.3878 0.3937 0.3996
D1 - 9.000 - - 0.3543 -

E 9.850 10.000 10.150 0.3878 0.3937 0.3996
E1 - 9.000 - - 0.3543 -
D2 - 5.200 - - 0.2047 -
E2 - 5.200 - - 0.2047 -
el - 0.500 - - 0.0197 -
e2 - 0.650 - - 0.0256 -

F1 - 0.500 - - 0.0197 -
F2 - 2.400 - - 0.0945 -
ddd - - 0.100 - - 0.0039

eee® - - 0.150 - - 0.0059
ff(5) - - 0.050 - - 0.0020

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

- The terminal A1 corner must be identified on the top surface by using a corner chamfer,

ink or metalized markings, or other feature of package body or integral heat slug.

- A distinguishing feature is allowable on the bottom surface of the package to identify the terminal A1
corner. Exact shape of each corner is optional.

Initial ball equal 0.300 mm.

The tolerance of position that controls the location of the pattern of balls with respect to datums A and B.
For each ball there is a cylindrical tolerance zone eee perpendicular to datum C and located on true
position with respect to datums A and B as defined by e. The axis perpendicular to datum C of each ball
must lie within this tolerance zone.

The tolerance of position that controls the location of the balls within the matrix with respect to each other.
For each ball there is a cylindrical tolerance zone fff perpendicular to datum C and located on true position
as defined by e. The axis perpendicular to datum C of each ball must lie within this tolerance zone. Each
tolerance zone fff in the array is contained entirely in the respective zone eee above The axis of each ball
must lie simultaneously in both tolerance zones.
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Figure 65. TFBGA257 - Recommended footprint
Dpad
o Dsm "
BO2Y_FP_V1
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1.

Dimensions are expressed in millimeters.

Table 115. TFBGA257 - Recommended PCB design rules (0.5/0.65 mm pitch, BGA)

Dimension Recommended values
Pitch 0.5/0.65 mm
Dpad 0.230 mm
Dsm 0.390 mm typ.
Stencil opening 0.230 mm

Stencil thickness

0.125 mm to 0.100 mm

DS12502 Rev 5
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Device marking

The following figure gives an example of topside marking orientation versus ball A1 identifier
location.

The printed markings may differ depending on the supply chain.

Other optional marking or inset/upset marks, which identify the parts throughout supply
chain operations, are not indicated below.

Figure 66. TFBGA257 marking (package top view)
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1. Parts marked as ES or 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.

MSv60330V1
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7.2 LFBGA354 package information

This LFBGA is a 354 balls, 16x16 mm, 0.8 mm pitch, low profile fine pitch ball grid array
package

Figure 67. LFBGA354 - Outline
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Drawing is not to scale.

2. The tolerance of position that controls the location of the balls within the matrix with respect to each other.
For each ball there is a cylindrical tolerance zone fff perpendicular to datum C and located on true position
as defined by e. The axis perpendicular to datum C of each ball must lie within this tolerance zone.

Each tolerance zone fff in the array is contained entirely in the respective zone eee above. The axis of each
ball must lie simultaneously in both tolerance zones.

Table 116. LFBGA354 - Mechanical data

millimeters inches("
Symbol
Min Typ Max Min Typ Max

AR - - 1.290 - - 0.0508

A10) 0.250 - - 0.0098 - -

A2 - 0.900 - - 0.0354 -
b*) 0.350 0.400 0.450 0.0138 0.0157 0.0177
D 15.850 16.000 16.150 0.6240 0.6299 0.6358
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Table 116. LFBGA354 - Mechanical data (continued)

millimeters inches(")
Symbol
Min Typ Max Min Typ Max
D1 - 14.400 - - 0.5669 -
E 15.850 16.000 16.150 0.6240 0.6299 0.6358
E1 - 14.400 - - 0.5669 -
e - 0.800 - - 0.0315 -
F - 0.800 - - 0.0315 -
ddd - - 0.120 - - 0.0050
eeel® - - 0.150 - - 0.0059
fff(6) - - 0.080 - - 0.0031

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

2. LFBGA stands for Low profile Fine pitch Ball Grid Array package.
Low profile: 1.20mm <A < 1.70mm / Fine pitch: e < 1.00mm pitch. The total profile height (Dim A) is
measured from the seating plane to the top of the component The maximum total package height is
calculated by the RSS method (Root Sum Square).
AMax = A1 Typ + A2 Typ + A4 Typ + V(A12 + A22 + A42 tolerance values).

3. The terminal A1 corner must be identified on the top surface by using a corner chamfer, ink or metalized
markings, or other feature of package body or integral heat slug.
A distinguishing feature is allowable on the bottom surface of the package to identify the terminal A1
corner. Exact shape of each corner is optional.

Initial ball equal 0.400 mm.

5. The tolerance of position that controls the location of the pattern of balls with respect to datums A and B.
For each ball there is a cylindrical tolerance zone eee perpendicular to datum C and located on true
position with respect to datums A and B as defined by e. The axis perpendicular to datum C of each ball
must lie within this tolerance zone.

6. The tolerance of position that controls the location of the balls within the matrix with respect to each other.
For each ball there is a cylindrical tolerance zone fff perpendicular to datum C and located on true position
as defined by e. The axis perpendicular to datum C of each ball must lie within this tolerance zone.

Each tolerance zone fff in the array is contained entirely in the respective zone eee above The axis of each
ball must lie simultaneously in both tolerance zones.

Figure 68. LFBGA354 - Recommended footprint

Dpad

Dsm

B02Z_FP_V1

1. Dimensions are expressed in millimeters.
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Table 117. LFBGA354 - Recommended PCB design rules (0.8 mm pitch, BGA)

Dimension Recommended values
Pitch 0.8 mm
Dpad 0.320 mm
Dsm 0.520 mm typ.
Stencil opening 0.320 mm
Stencil thickness 0.125 mm to 0.100 mm

Device marking

The following figure gives an example of topside marking orientation versus ball A1 identifier
location.

The printed markings may differ depending on the supply chain.
Other optional marking or inset/upset marks, which identify the parts throughout supply
chain operations, are not indicated below.

Figure 69. LFBGA354 marking (package top view)
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1. Parts marked as ES or E or accompanied by an Engineering Sample notification letter are not yet qualified
and therefore not approved for use in production. ST is not responsible for any consequences resulting
from such use. In no event will ST be liable for the customer using any of these engineering samples in
production. ST’s Quality department must be contacted prior to any decision to use these engineering
samples to run a qualification activity.
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7.3 TFBA361 package information
This TFBGA is a 361 ball, 12x12 mm, 0.5/0.65 mm pitch, thin profile fine pitch ball grid array

package.
Figure 70. TFBGA361 - Outline
1. [peeeM)| C A‘B‘
MTIV
®b (361 balls)
A1 ball pad corner
Peripheral ball matrix pitch 0.5 mm
e1 22 20 18 16 14 12 10 8 6 4 2
3 21 19 17 15 13 1 9 7 5 3 1
7y y $0000 00 00 00 00 00000 A [
i $0000000000000000000000 | B
00000000000000000000000 | ¢
° 00000000000000000000000 | b B
1% 0000 0000 | E &
ES 000 o 000 F 3
y 3 ) OO0 HO000000 0000 | 6 3
o8 eeo 00000000 8880 b
=+ $00000000 o
3 o |3988 coooooooo 98988 2
D 3
E1 E2 |€e2 5 000 000000000 000 M3 E
X F 9988 ocooo0o00000 §999 N =
g :g 566 000000000 §3p R 2
Y 2 0000 ©0000009® 9co0| T &
=
1 = 292 $ 0000 ® 833 v e
3 0000 0000 w 3
F2 3 000000PO000000PPGOO0000| ¥ 3
000000PO000O0OPHPGOOOOO0 | AL
v v 00000HOO000O0PHGOOO0 AB
0000 PO 00 00| PG 0006 | Ac v
A 8 6 4
F1 —— - 7 5 > -
F1 Centrgl ball matrix pitch 4.65 mm e’]
> >—8
- D2 B
F2 D
D1
BOTTOM VIEW TOP VIEW
SEATING |C
PLANE .
i v [2fddd[c]
jr 1 | v
A ]
A2 A1 A
SIDE VIEW
B031_ME_V1

Drawing is not to scale.

2. The terminal A1 corner must be identified on the top surface by using a corner chamfer,
ink or metalized markings, or other feature of package body or integral heat slug.
A distinguishing feature is allowable on the bottom surface of the package to identify the terminal A1
corner. Exact shape of each corner is optional.
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Table 118. TFBGA361 - Mechanical data
millimeters inches(!)
Symbol
Min Typ Max Min Typ Max
A@) - - 1.200 - - 0.0472
A1 0.150 - - 0.0059 - -
A2 - 0.810 - - 0.0319 -
b(®) 0.250 0.300 0.350 0.010 0.012 0.0157
D 11.850 12.000 12.150 0.4665 0.4724 0.4783
D1 - 11.000 - - 0.4331 -
E 11.850 12.000 12.150 0.4665 0.4724 0.4783
E1 - 11.000 - - 0.4331 -
D2 - 5.200 - - 0.2047 -
E2 - 5.200 - - 0.2047 -
e - 0.500 - - 0.0197 -
e2 - 0.650 - - 0.0256 -
F1 - 0.500 - - 0.0197 -
F2 - 3.400 - - 0.1339 -
ddd - - 0.080 - - 0.0031
eee® - - 0.150 - - 0.0059
ff(5) - - 0.080 - - 0.0031

242/255

Values in inches are converted from mm and rounded to 4 decimal digits.
TFBGA stands for Thin Profile Fine Pitch Ball Grid Array. The total profile height (dim A) is measured from

the seating plane to the top of the component.

Initial ball equal to 0.300 mm.

The tolerance of position that controls the location of the pattern of balls with respect to datums A and B.
For each ball there is a cylindrical tolerance zone eee perpendicular to datum C and located on true

position with respect to datums A and B as defined by e. The axis perpendicular to datum C of each ball
must lie within this tolerance zone.

The tolerance of position that controls the location of the balls within the matrix with respect to each other.
For each ball there is a cylindrical tolerance zone fff perpendicular to datum C and located on true position
as defined by e. The axis perpendicular to datum C of each ball must lie within this tolerance zone. Each

tolerance zone fff in the array is contained entirely in the respective zone eee above The axis of each ball

must lie simultaneously in both tolerance zones.
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Figure 71. TFBGA361 - Recommended footprint

Dpad
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Table 119. TFBGA361 - Recommended PCB design rules (0.5/0.65 mm pitch BGA)

Dimension Recommended values
Pitch 0.5/0.65 mm
Dpad 0.230 mm
Dsm 0.390 mm typ.
Stencil opening 0.230 mm

Stencil thickness

0.125 mm to 0.100 mm

DS12502 Rev 5
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Device marking

The following figure gives an example of topside marking orientation versus ball A1 identifier
location.

The printed markings may differ depending on the supply chain.

Other optional marking or inset/upset marks, which identify the parts throughout supply
chain operations, are not indicated below.

Figure 72. TFBGA361 marking (package top view)
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1. Parts marked as ES or 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.

MSv60331V1
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3

LFBGA448 package information
This LFBGA is a 448 balls, 18x18 mm, 0.8 mm pitch, low profile fine pitch ball grid array

package.
Figure 73. LFBGA448 - Outline
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Drawing is not to scale.

The terminal A1 corner must be identified on the top surface by using a corner chamfer, ink or metalized
markings, or other feature of package body or integral heat slug.

A distinguishing feature is allowed on the surface of the package to identify the terminal A1 corner.The
exact shape and size of this feature are optional.

Table 120. LFBGA448 - Mechanical data

millimeters inches(!)
Symbol
Min Typ Max Min Typ Max

A - - 1.320 - - 0.0520
A1l 0.210 0.290 - 0.0083 0.0114 -
A3 - 0.400 - - 0.0157 -
A4 - - 0.650 - - 0.0256
b®) 0.350 0.400 0.450 0.0138 0.0157 0.0177

D 17.850 18.000 18.150 0.7028 0.7087 0.7146
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Table 120. LFBGA448 - Mechanical data (continued)

millimeters inches(")
Symbol
Min Typ Max Min Typ Max
D1 - 16.800 - - 0.6614 -
E 17.850 18.000 18.150 0.7028 0.7087 0.7146
E1 - 16.800 - - 0.6614 -
e - 0.800 - - 0.0315 -
F - 0.600 - - 0.0236 -
ddd 0.120 0.0047
eee® 0.150 0.0059
fff(5) 0.080 0.0031

1. Values in inches are converted from mm and rounded to 4 decimal digits.
2. Low profile: 1.20 mm <A < 1.70 mm / Fine pitch: e < 1.00 mm pitch.

The total profile height (Dim.A) is measured from the seating plane “C” to the top of the component. The
maximum total package height is calculated by the RSS method (Root Sum Square).
AMax = A1 Typ + A3 Typ + A4 Typ + V(A12 + A32 + A42 tolerance values).

3. The typical ball diameter before mounting is 0.40 mm

The tolerance of position that controls the location of the pattern of balls with respect to datums A and B.
For each ball there is a cylindrical tolerance zone eee perpendicular to datum C and located on true
position with respect to datums A and B as defined by e. The axis perpendicular to datum C of each ball
must lie within this tolerance zone.

5. The tolerance of position that controls the location of the balls within the matrix with respect to each other.

For each ball there is a cylindrical tolerance zone fff perpendicular to datum C and located on true position
as defined by e. The axis perpendicular to datum C of each ball must lie within this tolerance zone. Each
tolerance zone fff in the array is contained entirely in the respective zone eee above.

The axis of each ball must lie simultaneously in both tolerance zones.

Figure 74. LFBGA448 - Recommended footprint

Dpad

Dsm
BGA_WLCSP_FT_V1

Table 121. LFBGA448 - Recommended PCB design rules (0.8 mm pitch, BGA)

Dimension Recommended values

Pitch 0.8 mm

Dpad 0.320 mm
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Table 121. LFBGA448 -

Recommended PCB design rules (0.8 mm pitch, BGA)

Dimension

Recommended values

Dsm

0.520 mm typ.

Stencil opening

0.320 mm

Stencil thickness

0.125 mm to 0.100 mm

Device marking

The following figure gives an example of topside marking orientation versus ball A1 identifier

location.

The printed markings may differ depending on the supply chain.

Other optional marking or inset/upset marks, which identify the parts throughout supply
chain operations, are not indicated below.

Figure 75. LFBGA448 marking (package top view)
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1. Parts marked as ES or E or accompanied by an Engineering Sample notification letter are not yet qualified
and therefore not approved for use in production. ST is not responsible for any consequences resulting
from such use. In no event will ST be liable for the customer using any of these engineering samples in
production. ST’s Quality department must be contacted prior to any decision to use these engineering
samples to run a qualification activity.
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7.5 Thermal characteristics

Package thermal characteristics in Table 122 are specified with conditions as per JEDEC
JESD51-6, JESD51-8, JESD51-9, and JESD51-12. These typical values will vary in function
of board thermal characteristics and other components on the board.

Oya: Thermal resistance junction-ambient.
Oup: Thermal resistance junction-board.
Oyc: Thermal resistance junction-top-case.
Ojb: Thermal parameter junction-board.
Wit Thermal parameter junction-top-case.

Motherboard type: four layers, JEDEC 2S2P

Table 122. Thermal characteristics

Value
Symbol Parameter Unit
Natural convection | 1m/s (200 ft/mn)
TFBGA257 - 257-ball 10x10 mm 0.50/0.65 mm pitch 36.079 31.79
o.M TFBGA361 - 361-ball 12x12 mm 0.50/0.65 mm pitch 35.151 30.953 "W
A" |LFBGA354 - 354-ball 16x16 mm 0.80 mm pitch 34.145 30.121
LFBGA448 - 448-ball 18x18 mm 0.80 mm pitch 28.545 24.797
TFBGA257 - 257-ball 10x10 mm 0.50/0.65 mm pitch 19.487
TFBGA361 - 361-ball 12x12 mm 0.50/0.65 mm pitch 20.555
0,59 °C/W
LFBGA354 - 354-ball 16x16 mm 0.80 mm pitch 22.038
LFBGA448 - 448-ball 18x18 mm 0.80 mm pitch 17.409
TFBGA257 - 257-ball 10x10 mm 0.50/0.65 mm pitch 10.768
TFBGA361 - 361-ball 12x12 mm 0.50/0.65 mm pitch 10.049
0,c® °CIW
LFBGA354 - 354-ball 16x16 mm 0.80 mm pitch 9.675
TLFBGA448 - 448-ball 18x18 mm 0.80 mm pitch 8.439
TFBGA257 - 257-ball 10x10 mm 0.50/0.65 mm pitch 18.949 18.332
TFBGA361 - 361-ball 12x12 mm 0.50/0.65 mm pitch 20.002 19.398
Wb 4) °C/IW
LFBGA354 - 354-ball 16x16 mm 0.80 mm pitch 21.456 20.894
LFBGA448 - 448-ball 18x18 mm 0.80 mm pitch 16.946 16.574
TFBGA257 - 257-ball 10x10 mm 0.50/0.65 mm pitch 0.383 0.812
TFBGA361 - 361-ball 12x12 mm 0.50/0.65 mm pitch 0.354 0.735
Wit ©) °C/W
LFBGA354 - 354-ball 16x16 mm 0.80 mm pitch 0.339 0.658
LFBGA448 - 448-ball 18x18 mm 0.80 mm pitch 0.297 0.542

Per JEDEC JESD51-9

Per JEDEC JESD51-8

Per JEDEC JESD51-12 best practice guidelines
Per JEDEC JESD51-12.

Per JEDEC JESD51-12.

a ~ 0N =
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7.51 Reference documents

JESD51-6 Integrated Circuit Thermal Test Method Environmental Conditions - Forced
Convection (Moving Air). Available from www.jedec.org.

JESD51-8 Integrated Circuit Thermal Test Method Environmental Conditions —Junction-to-
Board. Available from www.jedec.org.

JESD51-9 Test Boards for Area Array Surface. Mount Package Thermal. Measurements.
Available from www.jedec.org.

JESD51-12 Guidelines for Reporting and Using Electronic Package Thermal Information.
Available from www.jedec.org.

DS12502 Rev 5 249/255
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8 Ordering information

Table 123. STM32MP153A/D ordering information scheme
Example: STM32 MP 153 D AA 1 T

Device family
STM32 = Arm-based 32-bit processor

Product type
MP = MPU product

Device subfamily
153 = STM32MP153 Line

Security option

A = Basic security, 650 MHz
D = Basic security, 800 MHz

Package and pin count

AD = TFBGA257 10x10, 257 balls pitch 0.5 mm
AB = LFBGA354 16x16, 354 balls pitch 0.8 mm
AC = TFBGA361 12x12, 361 balls pitch 0.5 mm
AA = LFBGA448 18x18, 448 balls pitch 0.8 mm

Junction temperature range
1=-20°C<Ty;<+105°C
3=-40°C<Ty;<+125°C

Options

Blank = no options

Packing

T = tape and reel
No character = tray or tube

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.
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9 Revision history

Table 124. Document revision history

Date

Revision

Changes

08-Feb-2019

1

Initial release.

01-Aug-2019

Updated ADC characteristics on cover page.

Updated Table 1: STM32MP153A/D features and
peripheral counts

Updated Section 3.7.1: Power supply scheme.

Updated Table 7: STM32MP153A/D pin and ball
definitions.

Updated Table 8: Alternate function AFO to AF7.
Updated Table 10: Voltage characteristics.
Updated Table 13: General operating conditions.

Updated Table 14: Operating conditions at power-up /
power-down.

Updated Table 15: Embedded reset and power control
block characteristics.

Updated Figure 13: VDDCORE rise time from reset.

Updated Table 15: Embedded reset and power control
block characteristics.

Updated Table 16: Embedded reference voltage.

Updated Table 18: REG1V1 embedded regulator
(USB_PHY) characteristics.

Updated Table 19: REG1V8 embedded regulator (USB)
characteristics.

Updated Table 20: Current consumption (IDDCORE) in
Run mode.

Updated Table 21: Current consumption (IDD) in Run
mode.

Updated Table 22: Current consumption in Stop mode.

Updated Table 23: Current consumption in LPLV-Stop
mode.

Updated Table 25: Current consumption in VBAT mode.
Updated Table 28: High-speed external user clock
characteristics (digital bypass).

Updated Table 29: High-speed external user clock
characteristics (analog bypass).

Added Table 30: Low-speed external user clock
characteristics (analog bypass).

Added Figure 17: Low-speed external clock source AC
timing diagram (analog bypass).

Updated Table 32: 8-48 MHz HSE oscillator
characteristics.

Updated Figure 19: Typical application with a 24 MHz
crystal.

Updated Figure 20: Typical application with a

32.768 kHz crystal.
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Table 124. Document revision history

Date

Revision

Changes

01-Aug-2019

2
(continued)

Updated Table 35: HSI oscillator characteristics.
Updated Table 36: CSI oscillator characteristics.
Updated Table 37: LS| oscillator characteristics.

Updated Table 38: PLL1_1600, PLL2 1600
characteristics.

Updated Table 35: HSI oscillator characteristics.
Updated Table 36: CS/ oscillator characteristics.
Updated Table 37: LS| oscillator characteristics.

Updated Table 38: PLL1_1600, PLL2 1600
characteristics.

Updated Table 39: PLL3 800, PLL4 800
characteristics.

Updated Table 40: USB_PLL characteristics.
Updated Table 46: EMI characteristics.

Updated Table 47: ESD absolute maximum ratings.
Updated Section : Static latchup

Updated Table 49: I/O current injection susceptibility.
Updated Table 50: I/O static characteristics.

Updated Table 51: Output voltage characteristics for all
I/Os except PC13, PC14, PC15 and PI8.

Added Table 52: Output voltage characteristics for
PC13, PC14, PC15 and PI8.

Updated Table 53: Output timing characteristics (HSLV
OFF).

Added Figure 23: VIL/VIH for FT I/Os.

Updated Table 74: ADC characteristics.

Updated Table 75: Minimum sampling time versus RAIN
with 47 pF PCB capacitor up to 125 °C and VDDA =
1.6 V.

Updated Table 78: DAC characteristics.
Updated Table 83: DTS characteristics.
Updated Table 84: Vgar ADC monitoring characteristics.

Updated Table 86: Temperature and VBAT monitoring
characteristics for temper detection.

Added Section 6.3.31: Compensation cell.
Updated Table 96: 12C analog filter characteristics.

Added Section 6.3.38: USB High-Speed PHY
characteristics.

Added Section 7.5: Thermal characteristics.

04-Feb-2020

Introduced STM32MP153D corresponding to the
800 MHz upgrade of the microprocessor, in all the
document.

Updated Table 1: STM32MP153A/D features and
peripheral counts.

Updated Figure 1: STM32MP153A/D block diagram.
Updated Table 4: Timer feature comparison.
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Table 124. Document revision history

Date

Revision

Changes

04-Feb-2020

3
(continued)

Updated Table 7: STM32MP153A/D pin and ball
definitions.

Updated Table 8: Alternate function AFO to AF7.
Updated Table 9: Alternate function AF8 to AF15.
Updated Table 10: Voltage characteristics.
Updated Table 12: Thermal characteristics.
Updated Table 13: General operating conditions.

Updated Table 20: Current consumption (IDDCORE) in
Run mode.

Updated Table 38: PLL1_1600, PLL2_1600
characteristics.

Updated Section 6.3.12: PLL spread spectrum clock
generation (SSCG) characteristics.

Updated Table 45: EMS characteristics.

Updated Table 46: EMI characteristics.

Updated Table 74: ADC characteristics.

Updated Table 78: DAC characteristics.

Updated Table 79: DAC accuracy.

Updated Table 80: VREFBUF characteristics.
Updated Table 109: Dynamics characteristics: Ethernet
MAC signals for RGMII.

Updated Figure 61: Ethernet RGMI|I timing diagram.
Updated Table 111: USB High-Speed PHY
characteristics.

Updated Table 112: Dynamics characteristics: JTAG
characteristics.

Updated Table 113: Dynamics characteristics: SWD
characteristics.

Updated Table 123: STM32MP153A/D ordering
information scheme.

08-Sep-2020

Updated Table 1: STM32MP153A/D features and
peripheral counts.

Updated Table 4: Timer feature comparison.

Updated Table 6: Legend/abbreviations used in the
pinout table.

Updated Table 7: STM32MP153A/D pin and ball
definitions.

Updated Table 10: Voltage characteristics.
Updated Table 13: General operating conditions.
Updated Table 26: Low-power mode wakeup timings.

Updated Section : Output buffer timing characteristics
(10 structure with _vh, HSLV option enabled).
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Table 124. Document revision history

Date Revision Changes

Updated Table 55: Output timing characteristics (HSLV
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