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32b Arm® Cortex®-M4 MCU+FPU, 225DMIPS, up to 2MB Flash/256+4KB RAM, USB
OTG HS/FS, Ethernet, 17 TIMs, 3 ADCs, 20 com. interfaces, camera & LCD-TFT

Features

January 2018

Core: Arm® 32-bit Cortex®-M4 CPU with FPU,
Adaptive real-time accelerator (ART
Accelerator™) allowing 0-wait state execution
from Flash memory, frequency up to 180 MHz,
MPU, 225 DMIPS/1.25 DMIPS/MHz
(Dhrystone 2.1), and DSP instructions
Memories
— Up to 2 MB of Flash memory organized into
two banks allowing read-while-write

— Up to 256+4 KB of SRAM including 64-KB
of CCM (core coupled memory) data RAM

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

LCD parallel interface, 8080/6800 modes

LCD-TFT controller with fully programmable
resolution (total width up to 4096 pixels, total
height up to 2048 lines and pixel clock up to
83 MHz)

Chrom-ART Accelerator™ for enhanced
graphic content creation (DMA2D)

Clock, reset and supply management

— 1.7V to 3.6 V application supply and I/Os
— POR, PDR, PVD and BOR
— 4-to-26 MHz crystal oscillator

— Internal 16 MHz factory-trimmed RC (1%
accuracy)

— 32 kHz oscillator for RTC with calibration
— Internal 32 kHz RC with calibration

Low power

— Sleep, Stop and Standby modes

— Vpar supply for RTC, 20x32 bit backup
registers + optional 4 KB backup SRAM

3x12-bit, 2.4 MSPS ADC: up to 24 channels

and 7.2 MSPS in triple interleaved mode

2x12-bit D/A converters

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

Up to 17 timers: up to twelve 16-bit and two 32-
bit timers up to 180 MHz, each with up to 4
IC/OC/PWM or pulse counter and quadrature
(incremental) encoder input

Datasheet - production data

LQFP100 (14 x 14 mM) ,epGA176 (10 x 10 mm)
LQFP144 (20 x 20 mM) )FBGA169 (7 x 7 mm)

LQFP176 (24 x 24 mm)
TFBGA216 (13 x 1
LQFP208 (28 x 28 mm) | DOA216 (13X 13 mm)

WLCSP143
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Debug mode

— SWD & JTAG interfaces

— Cortex-M4 Trace Macrocell™

Up to 168 1/O ports with interrupt capability
— Up to 164 fast 1/0Os up to 90 MHz

— Upto 166 5 V-tolerant I/Os

Up to 21 communication interfaces

— Upto 3 x I°C interfaces (SMBus/PMBus)

— Up to 4 USARTs/4 UARTSs (11.25 Mbit/s,
ISO7816 interface, LIN, IrDA, modem
control)

— Uptob SPI&; (45 Mbits/s), 2 with muxed
full-duplex 1°S for audio class accuracy via
internal audio PLL or external clock

— 1 x SAl (serial audio interface)

— 2 x CAN (2.0B Active) and SDIO interface

Advanced connectivity

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

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

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

8- to 14-bit parallel camera interface up to
54 Mbytes/s

True random number generator

CRC calculation unit

RTC: subsecond accuracy, hardware calendar
96-bit unique ID
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Table 1. Device summary

Reference Part number

STM32F427VG, STM32F427ZG, STM32F4271G, STM32F427AG, STM32F427VI, STM32F427ZI,
STM32F42711, STM32F427Al

STM32F429VG, STM32F429ZG, STM32F4291G, STM32F429BG, STM32F429NG,
STM32F429AG, STM32F429VI, STM32F429Z1, STM32F429ll,, STM32F429BI,
STM32F429NI1,STM32F429Al, STM32F429VE, STM32F429ZE, STM32F429IE, STM32F429BE,
STM32F429NE

STM32F427xx

STM32F429xx
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1 Introduction

This datasheet provides the description of the STM32F427xx and STM32F429xx line of
microcontrollers. For more details on the whole STMicroelectronics STM32 family, please
refer to Section 2.1: Full compatibility throughout the family.

The STM32F427xx and STM32F429xx datasheet should be read in conjunction with the
STM32F4xx reference manual.

For information on the Cortex®-M4 core, please refer to the Cortex®-M4 programming
manual (PM0214), available from www.st.com.

3
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Description

The STM32F427xx and STM32F429xx devices are based on the high-performance Arm®
Cortex®-M4 32-bit RISC core operating at a frequency of up to 180 MHz. The Cortex-M4
core features a Floating point unit (FPU) single precision which supports all Arm® single-
precision data-processing instructions and data types. It also implements a full set of DSP
instructions and a memory protection unit (MPU) which enhances application security.

The STM32F427xx and STM32F429xx devices incorporate high-speed embedded
memories (Flash memory up to 2 Mbyte, up to 256 Kbytes of SRAM), up to 4 Kbytes of
backup SRAM, and an extensive range of enhanced I/Os and peripherals connected to two
APB buses, two AHB buses and a 32-bit multi-AHB bus matrix.

All devices offer three 12-bit ADCs, two DACs, a low-power RTC, twelve general-purpose
16-bit timers including two PWM timers for motor control, two general-purpose 32-bit timers.
They also feature standard and advanced communication interfaces.

e Uptothree I°Cs

e Six SPIs, two I2Ss full duplex. 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.

e  Four USARTSs plus four UARTs

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

e Two CANs

e  One SAl serial audio interface

e  An SDIO/MMC interface

e Ethernet and camera interface

e LCD-TFT display controller

e  Chrom-ART Accelerator™.,

Advanced peripherals include an SDIO, a flexible memory control (FMC) interface, a

camera interface for CMOS sensors. Refer to Table 2: STM32F427xx and STM32F429xx
features and peripheral counts for the list of peripherals available on each part number.

The STM32F427xx and STM32F429xx devices operates in the —40 to +105 °C temperature
range from a 1.7 to 3.6 V power supply.

The supply voltage can drop to 1.7 V with the use of an external power supply supervisor
(refer to Section 3.17.2: Internal reset OFF). A comprehensive set of power-saving mode
allows the design of low-power applications.

The STM32F427xx and STM32F429xx devices offer devices in 8 packages ranging from
100 pins to 216 pins. The set of included peripherals changes with the device chosen.

3
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These features make the STM32F427xx and STM32F429xx microcontrollers suitable for a
wide range of applications:

Figure 4 shows the general block diagram of the device family.

Motor drive and application control

Medical equipment

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

Alarm systems, video intercom, and HVAC

Home audio appliances
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Description STM32F427xx STM32F429xx

2.1 Full compatibility throughout the family

The STM32F427xx and STM32F429xx devices are part of the STM32F4 family. They are
fully pin-to-pin, software and feature compatible with the STM32F2xx devices, allowing the
user to try different memory densities, peripherals, and performances (FPU, higher
frequency) for a greater degree of freedom during the development cycle.

The STM32F427xx and STM32F429xx devices maintain a close compatibility with the
whole STM32F10xx family. All functional pins are pin-to-pin compatible. The STM32F427xx
and STM32F429xx, however, are not drop-in replacements for the STM32F10xx devices:
the two families do not have the same power scheme, and so their power pins are different.
Nonetheless, transition from the STM32F10xx to the STM32F42x family remains simple as
only a few pins are impacted.

Figure 1, Figure 2, and Figure 3, give compatible board designs between the STM32F4xx,
STM32F2xx, and STM32F10xx families.

Figure 1. Compatible board design STM32F10xx/STM32F2xx/STM32F4xx
for LQFP100 package

75 Vss 51
76 73 50
49 | ) L
L Vss
Vss
0 Q resistor or soldering bridge
present for the STM32F 10xxx
99 (VSS) configuration, not present in the
100| O 19 20 26 STM32F4xx configuration
1 L 25
L Vss
vss VSS for STM32F10:
. or XX
Two 0 Q resistors connected to: 7~ =
- VSS for the STM32F10xx VDDVss VDD for STM32F4xx
- VSS for the STM32F4xx
- VSS or NC for the STM32F2xx
2i18488d
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Figure 2. Compatible board design between STM32F10xx/STM32F2xx/STM32F4xx
for LQFP144 package

I 0 Q resistor or soldering bridge
- present for the STM32F10xx
108 Vss 73 configuration, not present in the
106 STM32F4xx configuration
109 72
= L
\-/SS
= Not populated when 0 Q
VSS . .
resistor or soldering
bridge present
Signal from
external power 143 (PDR_ON)
supply B
supervisor o 30 31 37
1 36

Not populated for STM32F10xx

Vss for STM32F 10xx
Vpp for STM32F4xx

Two 0 Q resistors connected to:
- Vss for the STM32F 10xx Voo = Vs;
- Vss, Vpp or NC for the STM32F2xx

- Vpp or signal from external power supply supervisor for the STM32F4xx

ai18487d

Figure 3. Compatible board design between STM32F2xx and STM32F4xx
for LQFP176 and UFBGA176 packages

132 89
133 88

48 1— - GND for STM32F2xx
- BYPASS_REG for STM32F4xx

Signal from external
power supply » 171 (PDR_ON)
supervisor 176 | O 45

1 44

VopVss
Two 0 Q resistors connected to:

- Vss, Vpp or NC for the STM32F2xx

- Vpp or signal from external power supply supervisor for the STM32F4xx
MS31835V1
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Figure 4. STM32F427xx and STM32F429xx block diagram
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1. The timers connected to APB2 are clocked from TIMxCLK up to 180 MHz, while the timers connected to APB1 are clocked
from TIMxCLK either up to 90 MHz or 180 MHz depending on TIMPRE bit configuration in the RCC_DCKCFGR register.

2. The LCD-TFT is available only on STM32F429xx devices.

3
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3.1

Note:

3.2

3.3

3

Functional overview

Arm® Cortex®-M4 with FPU and embedded Flash and SRAM

The Arm® Cortex®-M4 with FPU processor is the latest generation of Arm processors for
embedded systems. It was developed to provide a low-cost platform that meets the needs of
MCU implementation, with a reduced pin count and low-power consumption, while
delivering outstanding computational performance and an advanced response to interrupts.

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.

The STM32F42x family is compatible with all Arm tools and software.
Figure 4 shows the general block diagram of the STM32F42x family.
Cortex-M4 with FPU core is binary compatible with the Cortex-M3 core.

Adaptive real-time memory accelerator (ART Accelerator™)

The ART Accelerator™ is a memory accelerator which is optimized for STM32 industry-
standard Arm® Cortex®-M4 with FPU processors. It balances the inherent performance
advantage of the Arm® Cortex®-M4 with FPU over Flash memory technologies, which
normally requires the processor to wait for the Flash memory at higher frequencies.

To release the processor full 225 DMIPS performance at this frequency, the accelerator
implements an instruction prefetch queue and branch cache, which increases program
execution speed from the 128-bit Flash memory. Based on CoreMark benchmark, the
performance achieved thanks to the ART Accelerator is equivalent to 0 wait state program
execution from Flash memory at a CPU frequency up to 180 MHz.

Memory protection unit

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

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

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

The devices embed a Flash memory of up to 2 Mbytes available for storing programs and
data.

3.5 CRC (cyclic redundancy check) calculation unit

The CRC (cyclic redundancy check) calculation unit is used to get a CRC code from a 32-bit
data word and a fixed generator polynomial.

Among other applications, CRC-based techniques are used to verify data transmission or
storage integrity. In the scope of the EN/IEC 60335-1 standard, they offer a means of
verifying the Flash memory integrity. The CRC calculation unit helps compute a software
signature during runtime, to be compared with a reference signature generated at link-time
and stored at a given memory location.

3.6 Embedded SRAM

All devices embed:

e Upto 256Kbytes of system SRAM including 64 Kbytes of CCM (core coupled memory)
data RAM

RAM memory is accessed (read/write) at CPU clock speed with 0 wait states.
e 4 Kbytes of backup SRAM

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

3.7 Multi-AHB bus matrix

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

3
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Figure 5. STM32F427xx and STM32F429xx Multi-AHB matrix
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3.8 DMA controller (DMA)

The devices feature two general-purpose dual-port DMAs (DMA1 and DMAZ2) with 8
streams each. They are able to manage memory-to-memory, peripheral-to-memory and
memory-to-peripheral transfers. They feature dedicated FIFOs for APB/AHB peripherals,
support burst transfer and are designed to provide the maximum peripheral bandwidth
(AHB/APB).

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

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

3
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3.9

3.10
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The DMA can be used with the main peripherals:

e SPlandI’sS

e I2C

e USART

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

e SDIO

e  Camera interface (DCMI)

e ADC

e SAN.

Flexible memory controller (FMC)

All devices embed an FMC. It has four Chip Select outputs supporting the following modes:
PCCard/Compact Flash, SDRAM/LPSDR SDRAM, SRAM, PSRAM, NOR Flash and NAND
Flash.

Functionality overview:

. 8-,16-, 32-bit data bus width

. Read FIFO for SDRAM controller

e  Write FIFO

e  Maximum FMC_CLK/FMC_SDCLK frequency for synchronous accesses is 90 MHz.

LCD parallel interface

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

LCD-TFT controller (available only on STM32F429xx)

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

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

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

e  Up to 8 Input color formats selectable per layer

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

e  Color keying (transparency color)

e Up to 4 programmable interrupt events.

3
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3.13

3.14
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Chrom-ART Accelerator™ (DMA2D)

The Chrom-Art Accelerator™ (DMAZ2D) is a graphic accelerator which offers advanced bit
blitting, row data copy and pixel format conversion. It supports the following functions:

e Rectangle filling with a fixed color

e Rectangle copy

e Rectangle copy with pixel format conversion

e Rectangle composition with blending and pixel format conversion.

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

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

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

Nested vectored interrupt controller (NVIC)

The devices embed a nested vectored interrupt controller able to manage 16 priority levels,
and handle up to 91 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 state automatically saved

e Interrupt entry restored on interrupt exit with no instruction overhead

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

External interrupt/event controller (EXTI)

The external interrupt/event controller consists of 23 edge-detector lines used to generate
interrupt/event requests. Each line can be independently configured to select the trigger
event (rising edge, falling edge, both) and can be masked independently. A pending register
maintains the status of the interrupt requests. The EXTI can detect an external line with a
pulse width shorter than the Internal APB2 clock period. Up to 168 GPIOs can be connected
to the 16 external interrupt lines.

Clocks and startup

On reset the 16 MHz internal RC oscillator is selected as the default CPU clock. The

16 MHz internal RC oscillator is factory-trimmed to offer 1% accuracy over the full
temperature range. The application can then select as system clock either the RC oscillator
or an external 4-26 MHz clock source. This clock can be monitored for failure. If a failure is
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3.15

3.16

Note:

3.17

3171
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detected, the system automatically switches back to the internal RC oscillator and a
software interrupt is generated (if enabled). This clock source is input to a PLL thus allowing
to increase the frequency up to 180 MHz. Similarly, full interrupt management of the PLL
clock entry is available when necessary (for example if an indirectly used external oscillator
fails).

Several prescalers allow the configuration of the two AHB buses, the high-speed APB
(APB2) and the low-speed APB (APB1) domains. The maximum frequency of the two AHB
buses is 180 MHz while the maximum frequency of the high-speed APB domains is

90 MHz. The maximum allowed frequency of the low-speed APB domain is 45 MHz.

The devices embed a dedicated PLL (PLLI2S) and PLLSAI which allows to achieve audio
class performance. In this case, the 1°S master clock can generate all standard sampling
frequencies from 8 kHz to 192 kHz.

Boot modes

At startup, boot pins are used to select one out of three boot options:
e  Boot from user Flash

e  Boot from system memory

e  Boot from embedded SRAM

The boot loader is located in system memory. It is used to reprogram the Flash memory
through a serial interface. Refer to application note AN2606 for details.

Power supply schemes

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

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

e Vpar = 1.65to0 3.6 V: power supply for RTC, external clock 32 kHz oscillator and
backup registers (through power switch) when Vpp is not present.

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

Power supply supervisor

Internal reset ON

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

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

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

Internal reset OFF

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

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

Figure 6. Power supply supervisor interconnection with internal reset OFF

VDD
| External Vpp power supply supervisor
Ext. reset controller active when
Vpp < 1.7V
0
PDR_ON Aoplicat ;
pplication rese
NRST [} signal (optional)
—— 1 Vo
MS31383V3

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

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

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

e The embedded programmable voltage detector (PVD) is disabled

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

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

The regulator has four operating modes:
e  Regulator ON

—  Main regulator mode (MR)

—  Low power regulator (LPR)

—  Power-down
e  Regulator OFF

3.18.1 Regulator ON

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

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

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

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

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

Refer to Table 3 for a summary of voltage regulator modes versus device operating modes.

Two external ceramic capacitors should be connected on Vcap 4 and Veap o pin. Refer to
Figure 22: Power supply scheme and Table 19: VCAP1/VCAPZ2 operating conditions.

All packages have the regulator ON feature.

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

Voltage regulator

. . Run mode Sleep mode Stop mode Standby mode
configuration

Normal mode MR MR MR or LPR -

Over-drive
mode@

Under-drive mode - - MR or LPR -

MR MR - -

Power-down

mode ) ) ) Yes

1. -’ means that the corresponding configuration is not available.

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

Regulator OFF

This feature is available only on packages featuring the BYPASS REG pin. The regulator is
disabled by holding BYPASS_REG high. The regulator OFF mode allows to supply
externally a V4 voltage source through Vcap 1 and Veap 2 pins.

Since the internal voltage scaling is not managed internally, the external voltage value must
be aligned with the targeted maximum frequency. Refer to Table 17: General operating
conditions.The two 2.2 yF ceramic capacitors should be replaced by two 100 nF decoupling
capacitors. Refer to Figure 22: Power supply scheme.

When the regulator is OFF, there is no more internal monitoring on V45. An external power
supply supervisor should be used to monitor the V4, of the logic power domain. PAO pin
should be used for this purpose, and act as power-on reset on V5, power domain.
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In regulator OFF mode, the following features are no more supported:

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

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

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

Figure 8. Regulator OFF

V12 External Vcap 12 power

| Supp|y supervisor Appllcatlon reset
Ext. reset controller active| signal (optional)

when VCAP_1/2 < Min Vy,

PAO
Voo

BYPASS_REG

Veap_1

Vear 2

ai18498V3

The following conditions must be respected:

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

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

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

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

The minimum value of V1, depends on the maximum frequency targeted in the application
(see Table 17: General operating conditions).

3
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Figure 9. Startup in regulator OFF: slow Vpp slope
- power-down reset risen after Voap 1/Vcap 2 stabilization

A
VDD
PDR=1.7 Vor 1.8V-------------/ Verp 1N cap 2
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» time
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1. This figure is valid whatever the internal reset mode (ON or OFF).
Figure 10. Startup in regulator OFF mode: fast Vpp slope
- power-down reset risen before Voap 1/Vcap 2 stabilization
A Voo
PDR=1.7Vor1.8V f----
Veap_1,Veap_2
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E » time
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1. This figure is valid whatever the internal reset mode (ON or OFF).
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Regulator ON/OFF and internal reset ON/OFF availability

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

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

LQFP100 Yes No
Yes No

LQFP144,
LQFP208 Yes
WLCSP143, Yes PDR_ON
LQFP176, Yes Yes PDR_ON set to connected to an
UFBGA169, BYPASS_REG set | BYPASS_REG set Voo external power
UFBGA176, to Vgg to Vpp supply supervisor
TFBGA216

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

The backup domain includes:

e  The real-time clock (RTC)
e 4 Kbytes of backup SRAM
e 20 backup registers

The real-time clock (RTC) is an independent BCD timer/counter. Dedicated registers contain
the second, minute, hour (in 12/24 hour), week day, date, month, year, in BCD (binary-
coded decimal) format. Correction for 28, 29 (leap year), 30, and 31 day of the month are
performed automatically. The RTC provides a programmable alarm and programmable
periodic interrupts with wakeup from Stop and Standby modes. The sub-seconds value is
also available in binary format.

It is clocked by a 32.768 kHz external crystal, resonator or oscillator, the internal low-power
RC oscillator or the high-speed external clock divided by 128. The internal low-speed RC
has a typical frequency of 32 kHz. The RTC can be calibrated using an external 512 Hz
output to compensate for any natural quartz deviation.

Two alarm registers are used to generate an alarm at a specific time and calendar fields can
be independently masked for alarm comparison. To generate a periodic interrupt, a 16-bit
programmable binary auto-reload downcounter with programmable resolution is available
and allows automatic wakeup and periodic alarms from every 120 ps to every 36 hours.

A 20-bit prescaler is used for the time base clock. It is by default configured to generate a
time base of 1 second from a clock at 32.768 kHz.

The 4-Kbyte backup SRAM is an EEPROM-like memory area. It can be used to store data
which need to be retained in VBAT and standby mode. This memory area is disabled by
default to minimize power consumption (see Section 3.20: Low-power modes). It can be
enabled by software.

The backup registers are 32-bit registers used to store 80 bytes of user application data
when Vpp power is not present. Backup registers are not reset by a system, a power reset,
or when the device wakes up from the Standby mode (see Section 3.20: Low-power
modes).
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Additional 32-bit registers contain the programmable alarm subseconds, seconds, minutes,
hours, day, and date.

Like backup SRAM, the RTC and backup registers are supplied through a switch that is
powered either from the Vpp supply when present or from the Vgar pin.

Low-power modes

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

Sleep mode

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

Stop mode

The Stop mode achieves the lowest power consumption while retaining the contents of
SRAM and registers. All clocks in the 1.2 V domain are stopped, the PLL, the HSI RC
and the HSE crystal oscillators are disabled.

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

—  Normal mode (default mode when MR or LPR is enabled)
—  Under-drive mode.

The device can be woken up from the Stop mode by any of the EXTI line (the EXTI line
source can be one of the 16 external lines, the PVD output, the RTC alarm / wakeup /
tamper / time stamp events, the USB OTG FS/HS wakeup or the Ethernet wakeup).

Table 5. Voltage regulator modes in stop mode

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

Standby mode

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

The device exits the Standby mode when an external reset (NRST pin), an IWDG reset,
a rising edge on the WKUP pin, or an RTC alarm / wakeup / tamper /time stamp event
occurs.

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

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

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

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

When PDR_ON pin is not connected to Vpp (Internal Reset OFF), the Vgat functionality is
no more available and Vgar pin should be connected to VDD.

Timers and watchdogs

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

All timer counters can be frozen in debug mode.

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

3
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Table 6. Timer feature comparison

Timer
type

Timer

Counter
resolution

Counter
type

Prescaler
factor

DMA
request
generation

Capture/
compare
channels

Complementary
output

Max
interface
clock
(MHz)

Max
timer
clock

(MHz)
(1)

Advanced
-control

TIM1,
TIM8

16-bit

Up,
Down,
Up/down

Any
integer
between 1
and
65536

Yes

Yes

90

180

General
purpose

TIM2,
TIMS

32-bit

Up,
Down,
Up/down

Any
integer
between 1
and
65536

Yes

No

45

90/180

TIMS,
TIM4

16-bit

Up,
Down,
Up/down

Any
integer
between 1
and
65536

Yes

No

45

90/180

TIM9

16-bit

Up

Any
integer
between 1
and
65536

No

No

90

180

TIM10

TIM11

16-bit

Up

Any
integer
between 1
and
65536

No

No

90

180

TIM12

16-bit

Up

Any
integer
between 1
and
65536

No

No

45

90/180

TIM13

TIM14

16-bit

Up

Any
integer
between 1
and
65536

No

No

45

90/180

Basic

TIMG,
TIM7

16-bit

Up

Any
integer
between 1
and
65536

Yes

No

45

90/180

1. The maximum timer clock is either 90 or 180 MHz depending on TIMPRE bit configuration in the RCC_DCKCFGR register.

3
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3.221 Advanced-control timers (TIM1, TIM8)

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

e Input capture

e  Output compare

e PWM generation (edge- or center-aligned modes)

e  One-pulse mode output

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

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

TIM1 and TIM8 support independent DMA request generation.

3.22.2 General-purpose timers (TIMx)

There are ten synchronizable general-purpose timers embedded in the STM32F42x devices

(see Table 6 for differences).

e TIM2, TIM3, TIM4, TIM5
The STM32F42x include 4 full-featured general-purpose timers: TIM2, TIM5, TIM3,
and TIM4.The TIM2 and TIM5 timers are based on a 32-bit auto-reload
up/downcounter and a 16-bit prescaler. The TIM3 and TIM4 timers are based on a 16-
bit auto-reload up/downcounter and a 16-bit prescaler. They all feature 4 independent
channels for input capture/output compare, PWM or one-pulse mode output. This gives
up to 16 input capture/output compare/PWMs on the largest packages.
The TIM2, TIM3, TIM4, 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 TIM9, TIM10, TIM11, TIM12, TIM13, and TIM14

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

3.22.3 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.

3
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Independent watchdog

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

Window watchdog

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

SysTick timer

This timer is dedicated to real-time operating systems, but could also be used as a standard
downcounter. It features:

e A 24-bit downcounter

e Autoreload capability

e Maskable system interrupt generation when the counter reaches 0

e  Programmable clock source.

Inter-integrated circuit interface ( IZC)

Up to three I12C bus interfaces can operate in multimaster and slave modes. They can
support the standard (up to 100 KHz), and fast (up to 400 KHz) modes. They support the
7/10-bit addressing mode and the 7-bit dual addressing mode (as slave). A hardware CRC
generation/verification is embedded.

They can be served by DMA and they support SMBus 2.0/PMBus.

The devices also include programmable analog and digital noise filters (see Table 7).

Table 7. Comparison of 12C analog and digital filters

Analog filter Digital filter
Pulse width of Programmable length from 1 to 15
. >50ns .
suppressed spikes 12C peripheral clocks

Universal synchronous/asynchronous receiver transmitters
(USART)

The devices embed four universal synchronous/asynchronous receiver transmitters
(USART1, USART2, USART3 and USART®6) and four universal asynchronous receiver
transmitters (UART4, UARTS, UART7, and UARTS).

These six interfaces provide asynchronous communication, IrDA SIR ENDEC support,
multiprocessor communication mode, single-wire half-duplex communication mode and
have LIN Master/Slave capability. The USART1 and USARTG6 interfaces are able to
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communicate at speeds of up to 11.25 Mbit/s. The other available interfaces communicate
at up to 5.62 bit/s.

USART1, USART2, USART3 and USART®6 also provide hardware management of the CTS
and RTS signals, Smart Card mode (ISO 7816 compliant) and SPI-like communication
capability. All interfaces can be served by the DMA controller.

Table 8. USART feature comparison“)

Max. baud Max. baud

USART | Standard | Modem LIN SPI irDA Smartcard | rate in Mbit/s | rate in Mbit/s APB

name | features | (RTS/CTS) master (ISO 7816) | (oversampling | (oversampling | mapping
by 16) by 8)

APB2

USART1 X X X X X X 5.62 11.25 (max.
90 MHz)

APB1

USART2 X X X X X X 2.81 5.62 (max.
45 MHz)

APB1

USART3 X X X X X X 2.81 5.62 (max.
45 MHz)

APB1

UART4 X - X - X - 2.81 5.62 (max.
45 MHz)

APB1

UART5 X - X - X - 2.81 5.62 (max.
45 MHz)

APB2

USART6 X X X X X X 5.62 11.25 (max.
90 MHz)

APB1

UART7 X - X - X - 2.81 5.62 (max.
45 MHz)

APB1

UARTS X - X - X - 2.81 5.62 (max.
45 MHz)

1. X = feature supported.

3.25
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Serial peripheral interface (SPI)

The devices feature up to six SPIs in slave and master modes in full-duplex and simplex
communication modes. SPI1, SPI4, SPI5, and SPI6 can communicate at up to 45 Mbits/s,
SPI2 and SPI3 can communicate at up to 22.5 Mbit/s. The 3-bit prescaler gives 8 master
mode frequencies and the frame is configurable to 8 bits or 16 bits. The hardware CRC
generation/verification supports basic SD Card/MMC modes. All SPIs can be served by the
DMA controller.

The SPI interface can be configured to operate in TI mode for communications in master
mode and slave mode.
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Inter-integrated sound (IZS)

Two standard 1%S interfaces (multiplexed with SPI2 and SPI3) are available. They can be
operated in master or slave mode, in full duplex and simplex communication modes, and
can be configured to operate with a 16-/32-bit resolution as an input or output channel.
Audio sampling frequencies from 8 kHz up to 192 kHz are supported. When either or both of
the 12S interfaces is/are configured in master mode, the master clock can be output to the
external DAC/CODEC at 256 times the sampling frequency.

All 12Sx can be served by the DMA controller.

For 12S2 full-duplex mode, 12S2_CK and 12S2_WS signals can be used only on GPIO Port
B and GPIO Port D.

Serial Audio interface (SAI1)

The serial audio interface (SAI1) is based on two independent audio sub-blocks which can
operate as transmitter or receiver with their FIFO. Many audio protocols are supported by
each block: 12S standards, LSB or MSB-justified, PCM/DSP, TDM, AC’97 and SPDIF
output, supporting audio sampling frequencies from 8 kHz up to 192 kHz. Both sub-blocks
can be configured in master or in slave mode.

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

The two sub-blocks can be configured in synchronous mode when full-duplex mode is
required.

SAI1 can be served by the DMA controller.

Audio PLL (PLLI2S)

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

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

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

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

Audio and LCD PLL(PLLSAI)

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

The PLLSAI is also used to generate the LCD-TFT clock.
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3.30

3.31

3.32
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Secure digital input/output interface (SDIO)

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

The interface allows data transfer at up to 48 MHz, and is compliant with the SD Memory
Card Specification Version 2.0.

The SDIO Card Specification Version 2.0 is also supported with two different databus
modes: 1-bit (default) and 4-bit.

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

In addition to SD/SDIO/MMC, this interface is fully compliant with the CE-ATA digital
protocol Rev1.1.

Ethernet MAC interface with dedicated DMA and IEEE 1588
support

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

The devices include the following features:

e  Supports 10 and 100 Mbit/s rates

e Dedicated DMA controller allowing high-speed transfers between the dedicated SRAM
and the descriptors (see the STM32F4xx reference manual for details)

e  Tagged MAC frame support (VLAN support)

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

e  32-bit CRC generation and removal

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

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

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

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

e Triggers interrupt when system time becomes greater than target time

Controller area network (bxCAN)

The two CANs are compliant with the 2.0A and B (active) specifications with a bitrate up to 1
Mbit/s. They can receive and transmit standard frames with 11-bit identifiers as well as
extended frames with 29-bit identifiers. Each CAN has three transmit mailboxes, two receive
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3.33

3.34

3

FIFOS with 3 stages and 28 shared scalable filter banks (all of them can be used even if one
CAN is used). 256 bytes of SRAM are allocated for each CAN.

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

The devices embed an USB OTG full-speed device/host/OTG peripheral with integrated
transceivers. The USB OTG FS peripheral is compliant with the USB 2.0 specification and
with the OTG 1.0 specification. It has software-configurable endpoint setting and supports
suspend/resume. The USB OTG full-speed controller requires a dedicated 48 MHz clock
that is generated by a PLL connected to the HSE oscillator. The major features are:

e  Combined Rx and Tx FIFO size of 320 x 35 bits with dynamic FIFO sizing

e  Supports the session request protocol (SRP) and host negotiation protocol (HNP)
e 4 bidirectional endpoints

e 8 host channels with periodic OUT support

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

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

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

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

The maijor features are:

e Combined Rx and Tx FIFO size of 1 Kbit x 35 with dynamic FIFO sizing

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

e 6 bidirectional endpoints

e 12 host channels with periodic OUT support

e Internal FS OTG PHY support

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

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

e for OTG/Host modes, a power switch is needed in case bus-powered devices are
connected
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3.36

3.37

3.38
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Digital camera interface (DCMI)

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

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

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

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

Random number generator (RNG)

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

General-purpose input/outputs (GPIOs)

Each of the GPIO pins can be configured by software as output (push-pull or open-drain,
with or without pull-up or pull-down), as input (floating, with or without pull-up or pull-down)
or as peripheral alternate function. Most of the GPIO pins are shared with digital or analog
alternate functions. All GPIOs are high-current-capable and have speed selection to better
manage internal noise, power consumption and electromagnetic emission.

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

Fast I/0 handling allowing maximum /O toggling up to 90 MHz.

Analog-to-digital converters (ADCs)

Three 12-bit analog-to-digital converters are embedded and each ADC shares up to 16
external channels, performing conversions in the single-shot or scan mode. In scan mode,
automatic conversion is performed on a selected group of analog inputs.

Additional logic functions embedded in the ADC interface allow:

e  Simultaneous sample and hold

¢ Interleaved sample and hold

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

precise monitoring of the converted voltage of one, some or all selected channels. An
interrupt is generated when the converted voltage is outside the programmed thresholds.

To synchronize A/D conversion and timers, the ADCs could be triggered by any of TIM1,
TIM2, TIM3, TIM4, TIM5, or TIM8 timer.

3
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3.39 Temperature sensor

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

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

3.40 Digital-to-analog converter (DAC)

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

This dual digital Interface supports the following features:

e two DAC converters: one for each output channel

e  8-bit or 10-bit monotonic output

e left or right data alignment in 12-bit mode

e synchronized update capability

e  noise-wave generation

e triangular-wave generation

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

e external triggers for conversion

e input voltage reference Vrgg+

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

3.41 Serial wire JTAG debug port (SWJ-DP)

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

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

3
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3.42
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Embedded Trace Macrocell™

The Arm Embedded Trace Macrocell provides a greater visibility of the instruction and data
flow inside the CPU core by streaming compressed data at a very high rate from the
STM32F42x through a small number of ETM pins to an external hardware trace port
analyzer (TPA) device. The TPA is connected to a host computer using USB, Ethernet, or
any other high-speed channel. Real-time instruction and data flow activity can be recorded
and then formatted for display on the host computer that runs the debugger software. TPA
hardware is commercially available from common development tool vendors.

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

3
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4 Pinouts and pin description

Figure 11. STM32F42x LQFP100 pinout
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The above figure shows the package top view.
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Figure 12. STM32F42x WLCSP143 ballout

10

1

@ -
2
[an
o
o
oM [aa]
o o
[ea]
o
[} 03]
o o
faa} 1] @
o o
Q

|
BOOOOOOOOO®O®O®E
[aNe)
o
< 2] o 0o uw L 0o I - X - = z

MS31855V2

1. The above figure shows the package bump view.
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Figure 13. STM32F42x LQFP144 pinout
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The above figure shows the package top view.
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Figure 14. STM32F42x LQFP176 pinout
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Figure 16. STM32F42x UFBGA169 ballout
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The above figure shows the package top view.
2. The 4 corners balls, A1,A13, N1 and N13, are not bonded internally and should be left not connected on the PCB.
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Figure 17. STM32F42x UFBGA176 ballout
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Figure 18. STM32F42x TFBGA216 ballout
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Table 9. Legend/abbreviations used in the pinout table

Name Abbreviation Definition
. Unless otherwise specified in brackets below the pin name, the pin function during and after
Pin name : .
reset is the same as the actual pin name
S Supply pin
Pin type | Input only pin
I/10 Input / output pin
FT 5V tolerant /0
TTa 3.3 V tolerant I/O directly connected to ADC
I/O structure
B Dedicated BOOTO pin
RST Bidirectional reset pin with weak pull-up resistor
Notes Unless otherwise specified by a note, all I/Os are set as floating inputs during and after reset
Alterr_wate Functions selected through GPIOx_AFR registers
functions
Addltl'onal Functions directly selected/enabled through peripheral registers
functions
Table 10. STM32F427xx and STM32F429xx pin and ball definitions
Pin number
g
© oo Pin name g | g
(=23 © [} o n ags
ﬂ‘ -
§ I S = E 3 § N | (functionafter | & | 2 % Alternate functions Addltl_onal
2 el < < (| & || < (1) gl® |2 functions
e ) 0] o & o reset) & o
g|g|@ @ |g|9|cg|a 2
Y | = s 23 |2 E -
TRACECLK,
SPI4_SCK,
1 1 B2 | A2 1 | D8 | 1 A3 PE2 I/O| FT | - SAI1_MCLK_A, -
ETH_MII_TXD3,
FMC_A23, EVENTOUT
TRACEDO,
2 2 | C1 | A1 2 |C10| 2 | A2 PE3 I/O| FT | - | SAIM_SD_B,FMC_A19, -
EVENTOUT
TRACED1, SPI4_NSS,
SAIM_FS_A,FMC_AZ20,
3 3 | C2 | B1 3 |[B11| 3 | A1 PE4 /O| FT | - DCMI_D4, LCD_BO, -
EVENTOUT
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Table 10. STM32F427xx and STM32F429xx pin and ball definitions (continued)

Pin number
g
=
ole | 8|9 |0 |Q || e | Pinname | 8/ G5 | o Additional
° | > > ~ | = | @ | & |(functionafter = § 5| Alternate functions .
: 2 < < P < ) c| o |3 functions
i o o Ll | & ) reset) g | o
g|og| @ | @ |cg|8|c|@ 2
| | S S | ; | o —
TRACED2, TIM9_CH{1,
SPI4_MISO,
4 4 D1 B2 4 | D9 | 4 B1 PES5 /O | FT | - SAI1_SCK_A, -
FMC_A21, DCMI_D6,
LCD_GO0, EVENTOUT
TRACEDS3, TIM9_CH?2,
SPI4_MOSI,
5 5 D2 | B3 5 | E8| 5 B2 PEG6 I/O| FT | - |SAI1_SD_A,FMC_A22, -
DCMI_D7, LCD_G1,
EVENTOUT
- - - - - - - | G6 Vss - - - -
S - |- -1-|F>5 Voo - - - -
6 | 6 |E5|C1| 6 |Cl11| 6 | CT VAT - - - -
NC ®)
- - @) D2 7 - 7 Cc2 P18 /O | FT ) EVENTOUT TAMP_2
®)
7 7 E4 | D1 8 |D10| 8 D1 PC13 VO | FT | @4 EVENTOUT TAMP_1
PC14- 3)
8 | 8 |E1|E1T| 9 DI1| 9 | E1 OSC32_IN | 1/O| FT | 4 EVENTOUT 08(3(2)2—”\'
(PC14)
PC15-
c1s ®) 0SC32_
9 9 F1 F1 10 [E11 | 10 | F1 0SC32_OUT (I1/0| FT ) EVENTOUT ouT®
(PC15)
- - - - - - - | G5 Vbp S| - |- - -
CAN1_RX, FMC_D30,
- - E2 | D3 | 11 - 11 | E4 P19 /O | FT | - LCD_VSYNC, -
EVENTOUT
ETH_MII_RX_ER,
FMC_D31,
- - E3 | E3 | 12 - 12 | D5 PI10 /O | FT | - LCD_HSYNC, -
EVENTOUT
- NSl Ea 13| - |13 F3 PI11 /o | FT | - OTGECSNlTJ(")Z'?D'R’ -
- | - | F6 | F2 |14 | E7 |14 | F2 Vss - |- - -
- | - | F4 | F3 | 15 |E10| 15 | F4 Vop - |- - -
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Table 10. STM32F427xx and STM32F429xx pin and ball definitions (continued)

Pin number
o
Pin name Q| 8
(<2 o (2] o o [$] N e
8|3 s = - E-T (function after = § % Alternate functions Addltl_onal
Ll €S| < g2 | 8|« ) c| % |3 functions
w o (O] (O] ™ (2] o [0) reset) T | o
g|og| @ | @ |cg|8|c|@ 2
| - S S | ; | o —
I2C2_SDA, FMC_AO,
10 | F2 | E2 | 16 |F11| 16 | D2 PFO WO|FT| - EVENTOUT -
I2C2_SCL, FMC_A1,
- | M| F3 | H3 |17 | E9 |17 | E2 PF1 WO|FT| - EVENTOUT -
12C2_SMBA, FMC_A2,
- |12 65| H2 | 18 |F10| 18 | G2 PF2 /0| FT | - EVENTOUT -
LCD_HSYNC,
N - - - | - |19 E3 PI12 WO | FT | - EVENTOUT -
LCD_VSYNC,
- - - - - | - |20 @3 PI13 WO | FT| - EVENTOUT -
- - - - - | - 21| H3 Pl14 /0| FT LCD_CLK, EVENTOUT -
- |13 ]G4 | J2 |19 |G11| 22 | H2 PF3 /0| FT |®)| FMC_A3, EVENTOUT |ADC3_IN9
- |14 ]G3 | J3 |20| F9 |23 J2 PF4 /0| FT | ®| FMC_A4, EVENTOUT Al?ﬁj—
- |15 | H3 | K3 |21 | F8 | 24 | K3 PF5 /0| FT | ®)| FMC_A5, EVENTOUT A.?\,?g‘
10|16 | G7 | G2 | 22 | H7 | 25 | H6 Vss - - - -
117 | G8 | G3 | 23| - | 26| H5 Vbb - - - -
TIM10_CH1,
SPI5_NSS,
NC (5) SA|1_SD_B,
- |18 | @ | K2 | 24 [G10| 27 | K2 PF6 WO | FT UART? Rx, ADC3_IN4
FMC_NIORD,
EVENTOUT
TIM11_CHA1,
SPI5_SCK,
NC (5) SAI1_MCLK_B,
- | 19| @ | Kt |25 | F7 |28 K1 PF7 /O | FT UART? Tx ADC3_IN5
FMC_NREG,
EVENTOUT
SPI5_MISO,
NC SAI1_SCK_B,
- |20 | @ | L3 |26 |H11|29 | L3 PF8 o | FT |® TIM13_CHH1, ADC3_IN6
FMC_NIOWR,
EVENTOUT
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Pinouts and pin description STM32F427xx STM32F429xx

Table 10. STM32F427xx and STM32F429xx pin and ball definitions (continued)

Pin number
g
Pin name 9| &
(=23 © (3] © o o n s
S| 3 s = | 318|3 (function after = § 2| Alternate functions Addltl_onal
Tl < < g |a | Q| « ) c|l | L functions
n | & reset) = z
e lw Q19 | || 9 oo
c|lc| @ @ |lc|a|Cc | @ d
4| a5 = =
SPI5_MOSI,
NC (5) SA”_FS_B,
- |21 @ | L2 | 27| G8 |30 L2 PF9 /0| FT TIM14_CH1, FMC_CD, ADC3_IN7
EVENTOUT
FMC_INTR,
- |22 | H1 | L1 |28 |G9|31] L1 PF10 I/0| FT |®)| DCMI_D11,LCD_DE, | ADC3_IN8
EVENTOUT
PHO-OSC_IN
12123 | G2 | G1 |29 |J11]32| G1 (PHO)_ /O | FT | - EVENTOUT OSC_IN®)
PAT- 0SC_OuT
13124 | G1 | H1 | 30 |H10| 33 | H1 OSC_OUT |I/O| FT | - EVENTOUT @)
(PH1)
RS
14 1 25 | H2 | J1 | 31| H9 | 34 | J1 NRST I/0 T - -
OTG_HS_ULPI_STP,
15126 | G6 | M2 | 32 | H8 | 35 | M2 PCO /0| FT |®) FMC_SDNWE, ADI(r\ﬂgS—
EVENTOUT
(5) ETH_MDC, ADC123_
16 | 27 | H5 | M3 | 33 |K11| 36 | M3 PC1 /0| FT EVENTOUT IN11
SPI2_MISO,
12S2ext_SD,
)| OTG_HS_ULPI_DIR, | ADC123_
17 | 28 | H6 | M4 | 34 | J10 | 37 | M4 PC2 /0| FT ETH_MIl_TXD2, IN12
FMC_SDNEDO,
EVENTOUT
SPI2_MOSI/I2S2_SD,
OTG_HS_ULPI_NXT, ADC123
18|29 | H7 | M5 | 35| J9 | 38 | L4 PC3 /0| FT [®)|  ETH_MII_TX_CLK, IN13
FMC_SDCKEQO,
EVENTOUT
19 | 30 - - 36 | G7 | 39| J5 Vbb S| - |- - -
- - - - - - - J6 Vss S| - |- - -
20 | 31 | J1 | M1 | 37 |K10| 40 | M1 Vssa S| - |- - -
- - J2 | N1 - - - | N1 VREF- S| - |- - -
21 |32 | J3 | P1 (38 |L11|41]| P1 VREF+ S| - |- - -

56/239 DoclD024030 Rev 10 ‘Yl




STM32F427xx STM32F429xx Pinouts and pin description

Table 10. STM32F427xx and STM32F429xx pin and ball definitions (continued)

Pin number
o
Pin name Q| 8
(<2 o (] o o [$] (7] e
* -
§ 3 < = E S § N | (functionafter | 2 | 2 % Alternate functions Addltl_onal
Ll |l €| < g |2 |8 < 1) £ v |2 functions
i ) o o || o reset) g | o
g|og| @ | @ |cg|8|c|@ 2
- | S S | ; | o -
22 1 33| J4 | R1 |39 |L10]| 42 | R1 VDDA S| - |- - -
TIM2_CH1/TIM2_ETR,
TIM5_CH1,TIM8 ETR
— — | ADC123
PAO-WKUP USART2_CTS —
2 4 N3 | 40 | K9 | 43 | N /o | FT | ©) -2 INO/WKUP
3134 | J5 3|40 | K9 | 43 | N3 (PAD) /0 UARTATX, O/(5)U
ETH_MII_CRS,
EVENTOUT
TIM2_CH2, TIM5_CH2,
USART2_RTS,
(5) UART4_RX, ADC123_
24 | 35 | K1 | N2 | 41 | K8 | 44 | N2 PA1 /O | FT ETH_MIL_RX_CLK/ETH N
_RMII_REF_CLK,
EVENTOUT
TIM2_CH3, TIM5_CH3,
TIM9_CH1,
25 |36 | K2 | P2 | 42 | L9 | 45 | P2 PA2 Vo | FT |® USART2_TX, AD&EZ?’—
ETH_MDIO,
EVENTOUT
ETH_MII_CRS,
- | - | L2 | F4 |43| - |46 ]| K4 PH2 WO|FT| - FMC_SDCKEQO, -
LCD_RO, EVENTOUT
ETH_MII_COL,
- - L1 | G4 44| - |47 ]| J4 PH3 I/O| FT | - |FMC_SDNEO,LCD_R1, -
EVENTOUT
12C2_SCL,
- | - | M2| H4 | 45| - |48 | H4 PH4 I/O| FT | - | OTG_HS_ULPI_NXT, -
EVENTOUT
I2C2_SDA, SPI5_NSS,
- | - | 3| J4 46| - |49] J3 PH5 /O | FT | - FMC_SDNWE, -
EVENTOUT
TIM2_CH4, TIM5_CH4,
TIM9_CH2,
(5) USART2_RX, ADC123_
26 | 37 | K3 | R2 | 47 [M11] 50 | R2 PA3 WO | FT OTG._HS.ULPI. DO, N3
ETH_MII_COL,
LCD_B5, EVENTOUT
27 | 38 | - - - | 51| K6 Vss S| - |- - -
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Pinouts and pin description

STM32F427xx STM32F429xx

Table 10. STM32F427xx and STM32F429xx pin and ball definitions (continued)

Pin number
g
© Pinname | §|
(23 © O o (2] 0 agn
§ § < = E S § N | (functionafter | & | 2 % Alternate functions Addltl_onal
2l | < < | g |2 |8 < 1) £ v |2 functions
i o o Ll | & ) reset) g | o
g|og| @ | @ |cg|8|c|@ 2
-l - S S - ; - o —_
BYPASS_
- | M1 | L4 | 48 IN11| - | L5 REG I |FT| - - -
28 | 39 | J11 | K4 | 49| J8 | 52 | K5 Vbb S| - |- - -
SPI1_NSS,
SPI3_NSS/I12S3_WS,
USART2_CK, ADC12_
29 | 40 | N2 | N4 | 50 |(M10| 53 | N4 PA4 /O |TTa | ©®) OTG_HS_SOF, IN4 /DAC_
DCMI_HSYNC, OouT1
LCD_VSYNC,
EVENTOUT
TIM2_CH1/TIM2_ETR,
TIM8_CH1N, ADC12_
30| 41 | M3 | P4 | 51 | M9 | 54| P4 PA5 /O |TTa | ®) SPI1_SCK, INS/DAC_
OTG_HS_ULPI_CK, OouT2
EVENTOUT
TIM1_BKIN,
TIM3_CH1,
TIM8_BKIN,
31|42 | N3 | P3 | 52 |[N10| 55 | P3 PAG /o | FT | ® SPI1_MISO, AchN:éz—
TIM13_CH1,
DCMI_PIXCLK,
LCD_G2, EVENTOUT
TIM1_CH1N,
TIM3_CH2,
TIM8_CH1N,
(5) SPI1_MOSI, ADC12_
32|43 | K4 | R3 | 53 | L8 | 56 | R3 PA7 /0| FT TIM14_CH1. IN7
ETH_MII_RX_DV/ETH_
RMII_CRS_DV,
EVENTOUT
ETH_MI_RXDO/ETH_ | \n~ys
33|44 | L4 | N5 | 54 | M8 | 57 | N5 PC4 /o | FT | © RMII_RXDO, IN14
EVENTOUT
ETH_MI_RXDVETH_ | \n~ys
34|45 | M4 | P5 | 55 | N9 | 58 | P5 PC5 /o | FT |6 RMII_RXD1, IN15
EVENTOUT
- - - - - | J7 |59 | L7 Vbb - - - -
- - - - - - |60 L6 VSS - |- - -
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Table 10. STM32F427xx and STM32F429xx pin and ball definitions (continued)

Pin number
e
Pin name 9| £
[<2] © [arl o o o N e
S| 3 s = | 318|3 (function after = § % Alternate functions Addltl_onal
: 2 < < P < ) c| o |3 functions
i o o Ll | & ) reset) g | o
g|og| @ | @ |cg|8|c|@ 2
| | S S | ; | o —
TIM1_CH2N,
TIM3_CH3,
(5)| TIM8_CH2N, LCD_R3, | ADC12_
35|46 | N4 | R5 | 56 | N8 | 61 | R5 PBO /O | FT OTG_HS_ULPI_ D1, IN8
ETH_MI_RXD2,
EVENTOUT
TIM1_CH3N,
TIM3_CH4,
(5)| TIM8_CH3N, LCD_R6, | ADC12_
36 | 47 | K5 | R4 | 57 | K7 | 62 | R4 PB1 /O | FT OTG_HS_ULPI_D2, IN9
ETH_MII_RXD3,
EVENTOUT
PB2-BOOT1
37 | 48 | L5 | M6 | 58 | L7 | 63 | M5 (PBOZ) /O | FT | - EVENTOUT -
- - - - - - 64 | G4 PI15 I/O| FT | - | LCD_RO, EVENTOUT -
- - - - - - 65 | R6 PJO I/O| FT | - | LCD_R1, EVENTOUT -
- - - - - - 66 | R7 PJ1 I/O| FT | - | LCD_R2, EVENTOUT -
- - - - - - 67 | P7 PJ2 I/O| FT | - | LCD_R3, EVENTOUT -
- - - - - - 68 | N8 PJ3 I/O| FT | - | LCD_R4, EVENTOUT -
- - - - - - 69 | M9 PJ4 I/O| FT | - | LCD_R5, EVENTOUT -
SPI5_MOSI,
FMC_SDNRAS,
- 49 | M5 | R6 | 59 | M7 | 70 | P8 PF11 /O | FT | - DCMI_D12, -
EVENTOUT
- 50 | N5 | P6 | 60 | N7 | 71 | M6 PF12 /O | FT | - | FMC_A6, EVENTOUT -
- 51 | G9 | M8 | 61 - 72 | K7 Vss S - - -
- 52 | D10 | N8 | 62 - 73 | L8 Vpp S - - -
- 53 | M6 | N6 | 63 | K6 | 74 | N6 PF13 I/O| FT | - | FMC_A7, EVENTOUT -
- 54 | K7 | R7 | 64 | L6 | 75 | P6 PF14 I/O| FT | - | FMC_A8, EVENTOUT -
- 55 | L7 P7 | 65| M6 | 76 | M8 PF15 I/O| FT | - | FMC_A9, EVENTOUT -
- 56 | N6 | N7 | 66 | N6 | 77 | N7 PGO /O | FT | - | FMC_A10, EVENTOUT -
- 57 | M7 | M7 | 67 | K6 | 78 | M7 PG1 /O | FT | - | FMC_A11, EVENTOUT -
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Table 10. STM32F427xx and STM32F429xx pin and ball definitions (continued)

Pin number
o
Pin name g | 2
(o2} o (2] o o [¢] N e
§ § 2 < E S § N (function after 2 § % Alternate functions Addltl_onal
Ll |l €| < g |2 |8 < 1) £ v |2 functions
i ) o o || o reset) g | o
g|og| @ | @ |cg|8|c|@ 2
| - S S | ; - o —
TIM1_ETR,UART7_RXx,
38 | 58 | N7 R8 [ 68 | L5 | 79 | R8 PE7 I/1O| FT | - FMC_D4, EVENTOUT -
TIM1_CH1N,
39| 59| J8 | P8 | 69 | M5 | 80 | N9 PE8 /0| FT | - | UART7_Tx, FMC_D5, -
EVENTOUT
TIM1_CH1, FMC_D®6,
40 | 60 | K8 P9 | 70 | N5 | 81 P9 PE9 IO | FT | - EVENTOUT -
- 61 J6 M9 | 71 | H3 | 82 | K8 Vsg - -
- 62 |[G10| N9 | 72 | J5 | 83 | L9 Vpp S - -
TIM1_CH2N, FMC_D7,
41 | 63 | L8 RO | 73 | J4 | 84 | R9 PE10 IO | FT | - EVENTOUT -
TIM1_CH2, SPI14_NSS,
42 | 64 | M8 | P10 | 74 | K4 | 85 | P10 PE11 /1O | FT | - FMC_D8, LCD_G3, -
EVENTOUT
TIM1_CH3N,
43 | 65 | N8 |R10| 75 | L4 | 86 | R10 PE12 I/O| FT | - | SPI4_SCK, FMC_D9, -
LCD_B4, EVENTOUT
TIM1_CH3,
44 | 66 | HO | N11 | 76 | N4 | 87 | R12 PE13 /O | FT | - | SPI4_MISO,FMC_D10, -
LCD_DE, EVENTOUT
TIM1_CH4,
45 | 67 | J9 | P11 | 77 | M4 | 88 | P11 PE14 /O | FT | - | SPI4_MOSI, FMC_D11, -
LCD_CLK, EVENTOUT
TIM1_BKIN, FMC_D12,
46 | 68 | K9 | R11| 78 | L3 | 89 | R11 PE15 IO | FT | - LCD_R7, EVENTOUT -
TIM2_CH3, 12C2_SCL,
SPI2_SCK/12S2_CK,
USART3_TX,
47 | 69 | L9 [|R12| 79 | M3 | 90 | P12 PB10 IO | FT | - OTG_HS_ULPI_D3, -
ETH_MIl_RX_ER,
LCD_G4, EVENTOUT
TIM2_CH4, 12C2_SDA,
USART3_RX,
OTG_HS_ULPI_D4,
48 | 70 | M9 | R13| 80 | N3 | 91 | R13 PB11 /0| FT | - ETH. Il TX_ENETH. -
RMII_TX_EN,LCD_GS5,
EVENTOUT
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STM32F427xx STM32F429xx

Pinouts and pin description

Table 10. STM32F427xx and STM32F429xx pin and ball definitions (continued)

Pin number
o
Pin name g | 2
(o2} o (2] o o [¢] N e
ﬂ. -

§ S 2 < E S § o | (function after 2 § % Alternate functions Addltl_onal

2l | < < | g |2 |8 < 51 £ v |2 functions

i o o Ll | & ) reset) & o

g|og| @ | @ |cg|8|c|@ =

4 | a L = 2|5 |- = =

49 | 71 | N9 | M10| 81 | N2 | 92 | L11 Veap 1 - - - -

- - - - - | H2 |93 | K9 Vgs - - - -

50 | 72 | F8 | N10| 82 | J6 | 94 | L10 Vbb - - - -
- - - - - - |1 95| M14 PJ5 /0| - | - | LCD_R6, EVENTOUT -
12C2_SMBA,
SPI5_SCK,
TIM12_CHT1,
- - | N10 | M11 | 83 - | 96 | P13 PH6 I/O| FT | - ETH._MIi_ RXD2, -
FMC_SDNE1,
DCMI_D8, EVENTOUT
I2C3_SCL,SPI5_MISO,
ETH_MII_RXD3,

- - |M10| N12 | 84 - | 97 | N13 PH7 IIO| FT | - FMC_SDCKET, -
DCMI_D9, EVENTOUT
12C3_SDA, FMC_D16,

- - | L10 | M12 | 85 - |98 | P14 PH8 /O | FT | - DCMI_HSYNC, -
LCD_R2, EVENTOUT

[2C3_SMBA,
TIM12_CH2,

- - | K10 | M13 | 86 - 199 | N14 PH9 I/O| FT | - FMC_D17, DCMI_DO, -
LCD_R3, EVENTOUT
TIM5_CH1, FMC_D18,

- - | N11| L13 | 87 - |100]| P15 PH10 IIO| FT | - DCMI_D1, LCD_R4, -

EVENTOUT
TIM5_CH2, FMC_D19,
- - |M11| L12 | 88 - |[101| N15 PH11 I/O| FT | - DCMI_D2, LCD_RS, -
EVENTOUT
TIM5_CH3, FMC_D20,
- - | L11| K12 | 89 - [102| M15 PH12 IIO| FT | - DCMI_D3, LCD_R®, -
EVENTOUT

- - E7 | H12 | 90 - - | K10 Vss -] - - -

- - H8 | J12 | 91 - 103 ] K11 Vbp -] - - -
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Table 10. STM32F427xx and STM32F429xx pin and ball definitions (continued)

Pin number

Pin name
(function after
reset)(!)

Additional

Alternate functions .
functions

Pin type
|/ O structure
Notes

LQFP100
LQFP144
UFBGA169
UFBGA176
LQFP176
WLCSP143
LQFP208
TFBGA216

TIM1_BKIN,
12C2_SMBA,
SPI2_NSS/1252_WS,
USART3_CK,
CAN2_RX,

51 | 73 [N12| P12 | 92 | M2 [104 | L13 PB12 VO| FT | - | o716 Hs ULPIDS, -
ETH_MIl_TXDO/ETH_R
MII_TXDO,
OTG_HS_ID,
EVENTOUT

TIM1_CHA1N,
SPI2_SCK/I2S2_CK,
USART3_CTS,
52 | 74 |M12| P13 | 93 | N1 [105| K14 PB13 /o | FT | - CAN2_TX,
OTG_HS_ULPI_Ds,
ETH_MII_TXD1/ETH_R
MIl_TXD1, EVENTOUT

OTG_HS_
VBUS

TIM1_CHZ2N,
TIM8_CHZ2N,
SPI2_MISO,
12S2ext_SD,
53 | 75 |M13 | R14 | 94 | K3 [106 | R14 PB14 /O | FT | - USART3_RTS, -
TIM12_CHA1,
OTG_HS_DM,
EVENTOUT

RTC_REFIN,
TIM1_CH3N,
TIM8_CH3N,
54 | 76 | L13 | R15 | 95 | J3 [107 | R15 PB15 /O | FT | - | SPI2_MOSI/I2S2_SD, ;
TIM12_CH2,
OTG_HS_DP,
EVENTOUT

USART3_TX,
55 | 77 | L12 | P15 | 96 | L2 [108] L15 PD8 VO| FT | - | by D13, EVENTOUT -

USART3_RX,
56 | 78 | K13 | P14 | 97 | M1 |109| L14 PD9 IO | FT | - FMC_D14, EVENTOUT -

USART3_CK,
57 | 79 | K11 | N15 | 98 | H4 | 110 | K15 PD10 /O] FT| - | FMC_D15, LCD_B3, -
EVENTOUT

3
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Pinouts and pin description

Table 10. STM32F427xx and STM32F429xx pin and ball definitions (continued)

Pin number
g
Pinname | S| 8
[o2] [ © © Q. (2] 0 e

§ § < = E S § N | (functionafter | 2 | 2 % Alternate functions Addltl_onal

Ll |l €| < g |2 |8 < 1) £ v |2 functions
i ) o o || o reset) g | o
g|og| @ | @ |cg|8|c|@ 2
= T = I O =

USART3_CTS,
58 | 80 | H10 | N14 | 99 | K2 | 111 | N10 PD11 /O| FT | - EMC_A16, EVENTOUT -
TIM4_CH1,
59 | 81 | J13 | N13 | 100 | H6 | 112 | M10 PD12 l/O| FT | - USART3_RTS, -
FMC_A17, EVENTOUT
TIM4_CH2, FMC_A18,

60 | 82 | K12 | M15 101 | H5 | 113 | M11 PD13 l/O| FT | - EVENTOUT -
- | 83| - - |102] - |114] J10 Vss - - -
- | 84 | F7 | J13 [103| L1 [115| J11 Vpbp - - -

TIM4_CH3, FMC_DO,
61 | 85 | H11 | M14 | 104 | J2 | 116| L12 PD14 l/O| FT | - EVENTOUT -
TIM4_CH4, FMC_D1,
62 | 86 | J12 | L14 [105| K1 | 117 | K13 PD15 VO| FT | - EVENTOUT -
- - - - - - | 118 | K12 PJ6 I/O| FT | - | LCD_R7, EVENTOUT -
- - - - - - |19 J12 PJ7 I/O| FT | - | LCD_GO, EVENTOUT -
- - - - - - |120| H12 PJ8 I/O| FT | - | LCD_G1, EVENTOUT -
- - - - - - 121 J13 PJ9 I/O| FT | - | LCD_G2, EVENTOUT -
- - - - - - |122| H13 PJ10 I/O| FT | - | LCD_G3, EVENTOUT -
- - - - - - |123| G12 PJ11 I/O| FT | - | LCD_G4, EVENTOUT -
- - - - - - 124 | H1 VDD /IO| FT | - - -
- - - - - - |125| H10 VSS IWO| FT | - - -
- - - - - - |126| G13 PKO I/O| FT | - | LCD_G5, EVENTOUT -
- - - - - - |127| F12 PK1 I/O| FT | - | LCD_G6, EVENTOUT -
- - - - - - |128| F13 PK2 I/O| FT | - | LCD_G7, EVENTOUT -
- | 87 |H13| L15 [ 106| J1 [129| M13 PG2 I/O| FT | - | FMC_A12, EVENTOUT -
- | 88 ’?12(): K15 [ 107 | G3 [ 130 | M12 PG3 /O | FT | - | FMC_A13, EVENTOUT -
FMC_A14/FMC_BAO,

- | 89 |H12| K14 | 108 | G5 | 131 | N12 PG4 I/O| FT | - EVENTOUT -
FMC_A15/FMC_BA1,

- | 90 |G13| K13 [ 109| G6 [132| N11 PG5 l/O| FT | - EVENTOUT -
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Table 10. STM32F427xx and STM32F429xx pin and ball definitions (continued)

Pin number
g
Pin name 9| &

(=23 © (3] © Q. o n s
§ § < = E S § N | (functionafter | & | 2 % Alternate functions Addltl_onal
2l | < < | g |2 |8 < 1) £ v |2 functions
i o o Ll | & ) reset) g | o
g|og| @ | @ |cg|8|c|@ 2
-l | S S -l ; | o —_—

FMC_INT2,DCMI_D12,
91 |G11 | J15 | 110 | G4 [ 133 | J15 PG6 I/O| FT | - LCD_R7, EVENTOUT -
USART6_CK,
- 192 |1G12| J14 | 111 | H1 | 134 J14 PG7 I/O| FT | - |FMC_INT3,DCMI_D13, -
LCD_CLK, EVENTOUT
SPI6_NSS,
USART6_RTS,
- | 93 | F13 | H14 | 112 | G2 |135| H14 PG8 I/O| FT | - ETH_PPS_OUT, -
FMC_SDCLK,
EVENTOUT
- |19 | J7 | G12 | 113 | D2 |136| G10 Vss S - - -
- | 95 | E6 | H13 | 114 | G1 |137| G Vpp S - - -
TIM3_CH1, TIM8_CH1,
12S2_MCK,
USART6_TX,
63 | 96 | F9 | H15 | 115 | F2 | 138 | H15 PC6 I/O| FT | - SDIO_D6, DCMI_ DO, -
LCD_HSYNC,
EVENTOUT
TIM3_CH2, TIM8_CH2,
12S3_MCK,
64 | 97 | F10 | G15| 116 | F3 |139| G15 PC7 /O| FT | - USART6_RX, -
SDIO_D7, DCMI_D1,
LCD_G6, EVENTOUT
TIM3_CH3, TIM8_CH3,
65 | 98 | F11 | G14 | 117 | E4 |140| G14 PC8 /O| FT | - SDI(L;SS(?TSEEI}I(’DZ -
EVENTOUT
MCO2, TIM3_CH4,
66 | 99 | F12 | F14 | 118 | E3 |141| F14 PC9 /O| FT | - Tllzl\gs—CCKT;’lszgfo—sDDf’ -
DCMI_D3, EVENTOUT
MCO1, TIM1_CH1,
12C3_SCL,
67 | 100 | E13 | F15 | 119 | F1 |142| F15 PA8 I/O| FT | - USART1_CK, -
OTG_FS_SOF,
LCD_R6, EVENTOUT
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Table 10. STM32F427xx and STM32F429xx pin and ball definitions (continued)

Pin number
o
Pin name g | 2
(o2} o (2] o o [¢] N e
§ § 2 < E S § N (function after 2 § % Alternate functions Addltl_onal
2l | < < | g |2 |8 < 1) £ v |2 functions
i o o Ll | & ) reset) g | o
g|og| @ | @ |cg|8|c|@ =
| - S S | ; - o —_—
TIM1_CH2,
I2C3_SMBA, OTG FS_
68 [ 101 | E8 | E15 ({120 | E2 [143| E15 PA9 IO | FT | - USART1_TX, VBUS
DCMI_DO, EVENTOUT
TIM1_CH3,
USART1_RX,
69 |102| E9 | D15 (121 | D5 | 144 | D15 PA10 /10| FT | - OTG_FS_ID, -
DCMI_D1, EVENTOUT
TIM1_CH4,
USART1_CTS,
70 | 103 | E10 | C15 | 122 | D4 |145| C15 PA11 /10| FT | - CAN1_RX, LCD_R4, -
OTG_FS_DM,
EVENTOUT
TIM1_ETR,
USART1_RTS,
71 | 104 | E11 | B15 | 123 | E1 | 146 | B15 PA12 /1O | FT | - CAN1_TX, LCD_R5, -
OTG_FS_DP,
EVENTOUT
PA13
72 | 105 | E12 | A15 | 124 | D3 [ 147 | A15 (JTMS- /10| FT | - JTMS-SWDIO, -
EVENTOUT
SWDIO)
73 | 106 | D12 | F13 [125| D1 [148] E11 Veap 2 - - -
74 | 107 | J10 | F12 | 126 | D2 | 149 | F10 Vsg - - -
75 (108 | H4 | G13 | 127 | C1 | 150 | F11 Voo - - -
TIM8_CH1N,
- - D13 | E12 |128| - |151| E12 PH13 /1O | FT | - | CAN1_TX, FMC_D21, -
LCD_G2, EVENTOUT
TIM8 CH2N,
- - |C13 | E13 [(129| - [152| E13 PH14 /O | FT | - | FMC_D22, DCMI_D4, -
LCD_G3, EVENTOUT
TIM8_CH3N,
- - |C12 | D13 |130| - |153| D13 PH15 /O | FT | - | FMC_D23, DCMI_D11, -
LCD_G4, EVENTOUT
TIM5_CH4,
SPI2_NSS/1252_ WS,
- | - |B13|E14|131] - |154| E14 PIO UO| FT | - | E\G D24, DONIL D13, -
LCD_G5, EVENTOUT
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Table 10. STM32F427xx and STM32F429xx pin and ball definitions (continued)

Pin number
o
© ™ Pin name Q| 8
(<2 o o [$] (7] g
§ § 2 < E 3 § N (function after 2 § % Alternate functions Addltl_onal
2l | < < | g |2 |8 < 1) £ v |2 functions
i ) o o || o reset) g | o
g|og| @ | @ |cg|8|c|@ =
- | S S | ; | o -_—
SPI2_SCK/I12S52_CK),
- | - |c11| D14 [132| - |155| D14 PI1 /O| FT | - | FMC_D25, DCMI_D8, -
LCD_G6, EVENTOUT
TIM8_CH4,
SPI2_MISO,
- | - |B12|cC14|133] - [156]| C14 PI2 /0| FT | - |12S2ext_SD,FMC_D286, -
DCMI_D9, LCD_G7,
EVENTOUT
TIM8_ETR,
SPI2_MOSI/12S2_SD,
- | - | A12]|c13|134| - [157|C13 PI3 UO| FT | - | Fvc D27, DoML D1C, -
EVENTOUT
- | - |p1| D9 |135| F5 | - | F9 Vss S - - -
- | - | D3| co [136]| A1 [158] E10 Voo s - - -
PA14
76 100 | A11 | A14 137 | B1 [159| A14 | (Tck-  [WO|FT| - | JISKSHEL .
SWCLK)
JTDI,
PA15 TIM2_CH1/TIM2_ETR,
77 | 110 | B11 | A13 | 138 | C2 [160| A13 o) o | FT | - SPI1_NSS, -
(JTDI) SPI3_NSS/I2S3 WS,
EVENTOUT
SPI3_SCK/I2S3_CK,
USART3_TX,
78 | 111 | C10 | B14 | 139 | A2 |161| B14 PC10 /O | FT | - | UART4_TX, SDIO_D2, -
DCMI_D8, LCD_R2,
EVENTOUT
12S3ext_SD,
SPI3_MISO,
79 | 112 | B10 | B13 | 140| B2 |162]| B13 PC11 o | FT | - USART3_RX, -
UART4_RX, SDIO_D3,
DCMI_D4, EVENTOUT
SPI3_MOSI/12S3_SD,
USART3_CK,
80 | 113 | A0 | A12 [141| C3 [163]| A12 PC12 VO| FT | - | yaRTS TX, SDIO. CK, -
DCMI_D9, EVENTOUT
CAN1_RX, FMC_D2,
81 | 114 | D9 | B12 |142| B3 | 164 B12 PDO o | FT | - EVENTOUT -
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Table 10. STM32F427xx and STM32F429xx pin and ball definitions (continued)

Pin number
o
Pin name g | 2
(o2} o (2] o o [¢] N e
§ § 2 < E S § N (function after 2 § % Alternate functions Addltl_onal
2l | < < | g |2 |8 < 1) £ v |2 functions
i ) o o || o reset) g | o
g|og| @ | @ |cg|8|c|@ 2
| - S S | ; - o —_—
CAN1_TX, FMC_D3,
82 |115| C9 | C12 |143| C4 |[165| C12 PD1 I/O| FT | - EVENTOUT -
TIM3_ETR,
UART5_RX,
83 [116 | B9 | D12 {144 | A3 | 166 | D12 PD2 IO | FT | - SDIO_CMD, -
DCMI_D11,
EVENTOUT
SPI2_SCK/I12S2_CK,
USART2_CTS,
84 | 117 | A9 | D11 |145| B4 [167 | C1 PD3 I/1O| FT | - FMC_CLK, DCMI_DS5, -
LCD_G7, EVENTOUT
USART2_RTS,
85 (118 | D8 | D10 |146| B5 |[168| D11 PD4 IO | FT | - FMC_NOE, -
EVENTOUT
USART2_TX,
86 | 119 | C8 | C11 | 147 | A4 [ 169 | C10 PD5 I/1O| FT | - FMC_NWE, -
EVENTOUT
- 1120 - D8 (148 - |[170| F8 Vss - - -
- |121| D6 | C8 |149| C5 |171| E9 Vpp - - -
SPI3_MOSI/I2S3_SD,
SAI1_SD_A,
USART2_RX,
87 (122 | B8 | B11 [150| F4 [172| B11 PD6 IO | FT | - FMC_NWAIT, -
DCMI_D10, LCD_B2,
EVENTOUT
USART2_CK,
88 | 123 | A8 | A11 | 151 | A5 [173| A11 PD7 /O | FT | - | FMC_NE1/FMC_NCEZ2, -
EVENTOUT
- - -] -] -] - |174]B10 PJ12 /0| FT | - | LCD_BO, EVENTOUT -
- - - - - - |175| B9 PJ13 I/O| FT | - | LCD_B1, EVENTOUT -
- -] - - | - | - |178] C9 PJ14 /0| FT | - | LCD_B2, EVENTOUT -
- - - - - - |177| D10 PJ15 I/O| FT | - | LCD_B3, EVENTOUT -
USART6_RX,
NC FMC_NE2/FMC_NCES3,
- | 124 @) C10 | 152 | E5 |178| D9 PG9 IO | FT | - DCMI_VSYNC(e), -
EVENTOUT
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Table 10. STM32F427xx and STM32F429xx pin and ball definitions (continued)

Pin number
g
Pin name 9| &
[<2] © (3] © o o n e
S| 3 s = | 318|3 (function after = § % Alternate functions Addltl_onal
= | = < < = | a |y < 1 cl|® functions
o | a o | | QO reset)() = 4
L x| 9|9 | L | 9 oo
g|og| @ | @ |cg|8|c|@ 2
a3y HERERERR= =
LCD_G3,
FMC_NCE4_1/FMC_N
- |125| C7 | B10 [153| C6 [179| C8 PG10 IIO| FT | - E3, DCMI_D2, -
LCD_B2, EVENTOUT
ETH_MIL_TX_EN/ETH_
RMII_TX_EN,
- (126 | B7 | B9 |154| B6 {180| B8 PG11 /O | FT | - FMC_NCE4_2, -
DCMI_D3, LCD_B3,
EVENTOUT
SPI6_MISO,
USART6_RTS,
- (127 A7 | B8 |155| A6 [181| C7 PG12 /O | FT | - LCD_B4, FMC_NE4, -
LCD_B1, EVENTOUT
SPI6_SCK,
NG USART6_CTS,
- |128| 2y | A8 |156| D6 |182| B3 PG13 I/O| FT | - | ETH_MI_TXDO/ETH_R -
MII_TXDO0, FMC_A24,
EVENTOUT
SPI6_MOSI,
NG USART6_TX,
- |129| 2y | A7 |157| F6 |183| A4 PG14 I/O| FT | - |ETH_MI_TXD1/ETH_R -
MII_TXD1, FMC_A25,
EVENTOUT
- |130| D7 | D7 |158| - |184| F7 Vss S - - -
- [131]| L6 | C7 |159| E6 [185| E8 Vpp S - - -
-l -1 -1 -1]-1-[16] D8 PK3 /O | FT | - | LCD_B4, EVENTOUT -
- - - - - - |187| D7 PK4 I/O| FT | - | LCD_B5, EVENTOUT -
-l - - - ]-1]- [188]cCs PK5 /O | FT | - | LCD_B6, EVENTOUT -
- - - - - - |189| C5 PK6 I/O| FT | - | LCD_B7, EVENTOUT -
-l -l - -] - - |190] c4 PK7 VO | FT | - | LCD_DE, EVENTOUT -
USART6_CTS,
FMC_SDNCAS,
- |132| C6 | B7 |160| A7 |191| B7 PG15 I/O| FT | - DCMI_D13, -
EVENTOUT
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Table 10. STM32F427xx and STM32F429xx pin and ball definitions (continued)

Pin number

LQFP100

LQFP144

UFBGA169

UFBGA176

LQFP176

WLCSP143

LQFP208

TFBGA216

Pin name
(function after
reset)(!)

Pin type

|/ O structure

Notes

Alternate functions

Additional
functions

89

133

B6

A10

161

B7

192

A10

PB3

(JTDO/TRACE
SWO)

/O

FT

JTDO/TRACESWO,
TIM2_CH2, SPI1_SCK,
SPI3_SCK/I12S3_CK,
EVENTOUT

90

134

A6

A9

162

Cc7

193

A9

PB4
(NJTRST)

I/0

FT

NJTRST, TIM3_CHf1,
SPI1_MISO,
SPI3_MISO,
12S3ext_SD,
EVENTOUT

91

135

D5

A6

163

C8

194

A8

PB5

I/0

FT

TIM3_CH2,
12C1_SMBA,
SPI1_MOSI,

SPI3_MOSI/12S3_SD,
CAN2_RX,
OTG_HS_ULPI_D7,
ETH_PPS_OUT,
FMC_SDCKET1,

DCMI_D10,
EVENTOUT

92

136

C5

B6

164

A8

195

B6

PB6

I/0

FT

TIM4_CHA1, 12C1_SCL,
USART1_TX,
CAN2_TX,
FMC_SDNET,
DCMI_D5, EVENTOUT

93

137

B5

B5

165

B8

196

BS

PB7

I/0

FT

TIM4_CH2, 12C1_SDA,
USART1_RX, FMC_NL,
DCMI_VSYNC,
EVENTOUT

94

138

A5

D6

166

C9

197

E6

BOOTO

95

139

D4

A5

167

A9

198

A7

PB8

I/0

FT

TIM4_CH3,
TIM10_CHH,
12C1_SCL, CAN1_RX,
ETH_MII_TXD3,
SDIO_D4, DCMI_D§,
LCD_B6, EVENTOUT

3

DoclD024030 Rev 10

69/239




Pinouts and pin description STM32F427xx STM32F429xx

Table 10. STM32F427xx and STM32F429xx pin and ball definitions (continued)

Pin number
g
Pin name 9| &
(=23 © (3] © o o n s
S| 3 s = | 318|3 (function after = § % Alternate functions Addltl_onal
= | = < < = | a |y < ) cl|® functions
a e O |k |2 |2 o reset) T =z
o
g|og| @ | @ |cg|8|c|@ 2
4| a5 = =
TIM4_CH4,
TIM11_CH1,
I12C1_SDA,
96 [140| C4 | B4 [168| B9 [199| B4 PB9 I/O| FT | - | SPI2_NSS/I2S2_WS, -
CAN1_TX, SDIO_DS5,
DCMI_D7, LCD_B7,
EVENTOUT
TIM4_ETR,
UART8_RX,
97 |141| B4 | A4 |169|B10|200| A6 PEO /O | FT | - FMC_NBLO, DCMI_D2, -
EVENTOUT
UARTS8_TX,
98 |142| A4 | A3 |170|A10|201| A5 PE1 I/O| FT | - | FMC_NBL1, DCMI_D3, -
EVENTOUT
9 | - F5 | D5 | - - |202| F6 Vgs S - -
- |143| C3 | C6 [171|A11|203| E5 PDR_ON S - -
100|144 | K6 | C5 (172 | D7 |204| E7 Vbp S - -
TIM8_BKIN,
- - | B3 | D4 |173| - |205| C3 Pl4 I/O| FT | - | FMC_NBL2, DCMI_DS5, -
LCD_B4, EVENTOUT
TIM8_CH1,
FMC_NBL3,
- - | A3 | C4 |174| - |206| D3 P15 I/O| FT | - DCMI VSYNG, -
LCD_B5, EVENTOUT
TIM8_CH2, FMC_D28,
- - | A2 | C3 |175| - |207| D6 P16 I/O| FT | - DCMI_D6, LCD_BS, -
EVENTOUT
TIM8_CH3, FMC_D29,
- - | B1 | C2|176| - |208| D4 P17 I/O| FT | - DCMI_D7, LCD_B?7, -
EVENTOUT

1. Function availability depends on the chosen device.

2. NC (not-connected) pins are not bonded. They must be configured by software to output push-pull and forced to 0 in the
output data register to avoid extra current consumption in low power modes.

3. PC13, PC14, PC15 and PI8 are supplied through the power switch. Since the switch only sinks a limited amount of current
(3 mA), the use of GPIOs PC13 to PC15 and PI8 in output mode is limited:
- The speed should not exceed 2 MHz with a maximum load of 30 pF.
- These I/0Os must not be used as a current source (e.g. to drive an LED).

3
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4. Main function after the first backup domain power-up. Later on, it depends on the contents of the RTC registers even after
reset (because these registers are not reset by the main reset). For details on how to manage these 1/Os, refer to the RTC
register description sections in the STM32F4xx reference manual, available from the STMicroelectronics website:
www.st.com.

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

If the device is delivered in an WLCSP143, UFBGA169, UFBGA176, LQFP176 or TFBGA216 package, and the
BYPASS_REG pin is set to Vpp (Regulator OFF/internal reset ON mode), then PAQ is used as an internal Reset (active low).

P10 and PI1 cannot be used for 12S2 full-duplex mode.

The DCMI_VSYNC alternate function on PG9 is only available on silicon revision 3.

3
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Table 11. FMC pin definition

Pin name CF NOI;I;?\EAM/ NOR‘nPquRAM NAND16 SDRAM
PFO A0 A0 A0
PF1 A1 A1 A1
PF2 A2 A2 A2
PF3 A3 A3 A3
PF4 A4 A4 A4
PF5 A5 A5 A5

PF12 AB AB A6

PF13 A7 A7 A7

PF14 A8 A8 A8

PF15 A9 A9 A9

PGO A10 A10 A10
PG1 A11 A11
PG2 A12 A12
PG3 A13

PG4 A14 BAO
PG5 A15 BA1
PD11 A16 A16 CLE

PD12 A17 A17 ALE

PD13 A18 A18

PE3 A19 A19

PE4 A20 A20

PES5 A21 A21

PE6 A22 A22

PE2 A23 A23

PG13 A24 A24

PG14 A25 A25

PD14 DO DO DAO DO DO
PD15 D1 D1 DA1 D1 D1

PDO D2 D2 DA2 D2 D2
PD1 D3 D3 DA3 D3 D3
PE7 D4 D4 DA4 D4 D4
PE8 D5 D5 DA5 D5 D5
PE9 D6 D6 DA6 D6 D6
PE10 D7 D7 DA7 D7 D7
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3

Table 11. FMC pin definition (continued)

Pin name CF No'g;z;AM’ NORI(APUSXRAM NAND16 SDRAM
PE11 D8 D8 DA8 D8 D8
PE12 D9 D9 DA9 D9 D9
PE13 D10 D10 DA10 D10 D10
PE14 D11 D11 DA11 D11 D11
PE15 D12 D12 DA12 D12 D12
PD8 D13 D13 DA13 D13 D13
PD9 D14 D14 DA14 D14 D14
PD10 D15 D15 DA15 D15 D15
PH8 D16 D16
PH9 D17 D17
PH10 D18 D18
PH11 D19 D19
PH12 D20 D20
PH13 D21 D21
PH14 D22 D22
PH15 D23 D23
PIO D24 D24
PI1 D25 D25
PI2 D26 D26
PI3 D27 D27
PI6 D28 D28
PI7 D29 D29
PI9 D30 D30
PI10 D31 D31
PD7 NE1 NE1 NCE2
PGY NE2 NE2 NCE3
PG10 NCE4_1 NE3 NE3
PG11 NCE4 2
PG12 NE4 NE4
PD3 CLK CLK
PD4 NOE NOE NOE NOE
PD5 NWE NWE NWE NWE
PD6 NWAIT NWAIT NWAIT NWAIT
PB7 NL(NADV) NL(NADV)
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Table 11. FMC pin definition (continued)

Pin name CF NOI;/;i;AM/ NORI(IIPUSXRAM NAND16 SDRAM

PF6 NIORD

PF7 NREG

PF8 NIOWR

PF9 CD

PF10 INTR

PG6 INT2

PG7 INT3

PEO NBLO NBLO NBLO
PE1 NBL1 NBL1 NBL1
Pl4 NBL2 NBL2
P15 NBL3 NBL3
PG8 SDCLK
PCO SDNWE
PF11 SDNRAS

PG15 SDNCAS
PH2 SDCKEQ
PH3 SDNEO
PH6 SDNE1
PH7 SDCKE1
PH5 SDNWE
PC2 SDNEO
PC3 SDCKEQ
PB5 SDCKE1
PB6 SDNE1

DocID024030 Rev 10 "_l




. da - ) _sI ) . ) ) . RIE .
“g4 910 | XL INVO LLHVSN LINIL ¢hvd
) e _ ) _s1o ) . ) ) ) bHO )
s4ol0 | X¥ INVO LLEVSN LINIL Vvd
. Coa . . Coxy . . . . . EHO .
S4 910 LLMVSN LINLL Obvd
) . . . XL . . |vaws| . . ZHD .
LLMVSN ozl LINIL 6vd
. 408 . . e . .| 7os . . LHD
“s4 910 LLMVSN €0zl b | VOOW | 8vd
v
1T . - . . . ISON | . | NiHO | zHO NLHO .
X FHO PLAILL LIdS SWIL | TEWIL LINIL 4vd
"HL3
. ) - . . . osiw | . | Npig | HO NIME .
FHO ELAILL LIdS SWIL | TEWIL LINIL 9vd
— v Hod
- NIE
) %0 1IN ) ) ) ) 30S ) ) )
“SH ©L10 bIdS SIIL CNLL/LHO svd
ZINIL
€ldS
00 | 0aTdIn . . Xy . . .| zHo | wHO HD R
[ HL3 | SH ©10 A BNIL | TSWIL ZINIL
\an . . . XL . . .| Ho | emo EHD R
e ZLavsn BNIL | TSWIL ZINIL
) 434
(S HL . ) - _sI ) . ) ) ZHD ZHD .
107X X¥ VLV | = yvsn SIIL ZIL hvd
[ HL13
SIER
MO . . - _s1o . . I IR T I T .
HL13 XL vLavN | = yvsn gWIL | “owiL | GNLLIHO Ovd
ZNIL
s4 aos 8/ e
13 T1910/ |vLELZLNIL | LswLEvN | 118vSn \n_‘\me M\\mﬁm \MVNN_ \&wﬁ? SIWISNIL | ZILNIL | SAS
SH Z9lO | [ZIINVD | /oldvsn | /cidS Vog
bV 014V 64V 84v 14V 94V GdV | vdv | €dv z4v LAV 04v

uiddew uonouNy ajeuld)je XX6Zy4ZEINLS PUe XX.Zy4ZEINLS 21 dlqel

75/239

DoclD024030 Rev 10




Xy | £d1dIN . . XL o & | os . ] EHD - oiag
I"HL3 | SH ©l0 c1MvSn s | 2o ZINIL
SM ZS
) ) - ] . . vas | WO | #HO ) )
XL INVO QSSN | = oz | “uwiL | TwmiL 6ad
ZIdS
axL ) _ ) ) ) . | 1os | tHo | eHo ) )
HL3 Xd INVO 1ozl | ToMmIL | TEIL 88d
) . . . Xy . .| vas ) ZHD ] ]
LLuvSN 102l PINIL 48d
) ) - ) XL ) .| 1os ) IHD ) )
XL 2NvO LLMVSN 1ozl VINIL 98d
— — as esel
no /a71dIN _ ) . ISON |vaws| . ZHD ) ) g Hod
"H13 | sH olo | X¥ eNVO mmm_\w,_ lds | T1oel enIL s8d
. ) ) ) _as osiw | os | ) IHD ) 1S | yaq
Wogszl | eldS | T hidS SINIL ULPN
MO €szl OMS3
- - - - - OS |v_:on_ww - - - |NNH_,_H_W ovdL | sad
elds /oaLr
- - - - - - - - - - - - | zad
axd | zaldIn _ . . . . _ | NeHwo | wHO NEHD .
[H13 | sH oLo| % 09T SINIL SNIL LINIL ‘ad
axd | 1aTdIn _ . . . . _ | NeHo | eHO NZHO .
[HL3 | sH olo| & 09T 8INIL SNIL LINIL 0ad
SM eS| ooy e
- - - - - sssN | S| - - - ZWILLHD | 1aLr | sivd
elds ZINIL
3
- - - - - - - - - - - TOMS | ¥lvd |V Hod
SIOLr
0
- - - - - - - - - - - IaMs | €1vd
-SWLP
s4 aos 8/ A
113 | 1910/ |vielzLmiL | LswLavn | padvsn | LS| EIRE | EE | BUOY | smigmin |zl | SAS
SH z910| [ZLNVD | /9ldvsn | /cidS Jod
L4V 014V 64V g84v 14V 94V Gdv | vdv | gdv z4v L4V 04V

uod) Buiddew uonouNy sjeUIR) e XXE6ZYAZEINLS PUE XX/ZY4ZEINLS ") dlqel

DoclD024030 Rev 10

76/239




) . . _oxy ) OW . .| zHo | zHo . N
914vsN eszl BWIL | eIl
) . . XL ) . MOW | . | uHO | WD . R
91dvsN zszl BWIL | eIl
axy.
W . ) ) . ) . ) ) . . .
/LaXY &0d
" H13
axy.
W . . . . . . . . . . .
/00X vd | o
" H13 yod
— - aszes
OXL | LXNId1n
) LXN_| - - - - lznsow| - - - - - | eod
HI3 | SH 910 s
axL | §Id1dIn ) ) . |_as | osm | ) . . R
[ H13 | SH ©10 %6752l | ~2ldS
VHL3 - - - - - - - - - - - | 1od
B d1s 14N B B . . . . ; . - -
SH ©10 05d
aszs
) ] - ) ] . _ | NeHo . NEHO | NI4T
ZHO ZLNIL ZVISOW oL | My | sved
21ds
. . - . sy | _as | osw | _ | NeHO . NZHO .
PHO cliniL eLdvsn | wezszl | “zlds BIIL LNIL viad
1a -
LA R R
s | 9aTidin | - . _s1o . . . . NLHO .
/1aXL | “SH 910 XL eNvO €18vSn N|_\Nv_+n_owm LINIL elad
" HL3 god
ax.L -
L - SMzs
W~ | saTidIn - . ) . vaws | . . NIME .
/00xL | "SH o10 | X8 NV “eLdvsn SSN | =20z m ¢lad
/0 21ds
" H13
XL ~
i H13 | ¥ 14N ) ; _ Xy ; . | vas - - HO - | nad
3 XL | SH 910 e1dvsn zotl ZIIL
H13
s4 asv 8/ ez
113 | 1910/ |vielzLmiL | LswLavn | padvsn | LS| EIRE | EE | BUOY | smigmin |zl | SAS
SH 2910 | [Z/INVD | /9L¥VSN | /gidS yod
Lav oLdv 64V 84V 14V 94V | sdv | pav | edv zdv v | oav

uod) Buiddew uonouNy sjeUIR) e XXE6ZYAZEINLS PUE XX/ZY4ZEINLS ") dlqel

771239

DoclD024030 Rev 10




~ as €s
X v_as
- - - - - v ZNSON | - - - - - | 9ad
zravsn | “uvs | SOY
R R R R _ Xy R R R R R R R
ZLuvsn sad
) . ) ) _sI ) . ) ) ) . )
Z1dvsn vad
MO ST a
S10
- - - - - - 15O - - - - - | ead | wod
ZLuvsn L
) . ) - ) ) . ) ) u13 . )
X¥TGLHVN il zad
- - XL INVO - - - - - - - - - lad
- - XHTINVD - - - - - - - - - | oad
- - - - - - - - - - - - |siod
- - - - - - - - - - - - | nod
- - - - - - - - - - - - |siod
_ 9 as es
- - - X17sLavn |- 19 | zmson | - - - - - - |ziod
€lds o
= Hod
] ] ] _ Xy osiw | as . . . . .
X PLEVO =6 yvsn | Telds | xeeszl Hod
_ X1 MO€
- - - XLUwLavn | = X | szios | - - - - - - |owod
€lds
) ) . . . . NIO | vas | ¥HO | #HO ]
szl | Tedzr| TewiL | TewiL ¢OOW | 60d
- - - _ A - B} B B _EHO _EHO ) )
91¥vsn BINIL SINIL 89d
s4 aos 8/ A
113 | 1910/ |vielzLmiL | LswLavn | padvsn | LS| EIRE | EE | BUOY | smigmin |zl | SAS
SH Z9lO | [ZIINVD | /oldvsn | /cidS Jod
LAV 014V 64V 84v 14V 94V | G4V | vdv | g€dv z4v L4V 04v

uod) Buiddew uonouNy sjeUIR) e XXE6ZYAZEINLS PUE XX/ZY4ZEINLS ") dlqel

DoclD024030 Rev 10

78/239




. . . . . vas | Ison | _ | zHo . . €03 | 4oy
WS | “pidS BIIL ovil
. . . . . vMos | osl .| aHo . . 203 | ooy
WVS | Wplds BIIL oviL
; ; ; ; ; VvV sd SSN ; ; ; ; La3
WS | TpidS oval | 73
) ; i i ) g as } : : } } oa3
LVS ovyL | £3d |FHod
axL B B B B V_M1OW | MOS B B B B X193 | o,
[ H13 WS | TpidS oVl
- - - X17814vVN - - - - - - - - 13d
. . . - . . . . . 13 . .
xy"8LYVN AL 03d
. . . . . . . . . HD . .
o siad
. . . . . . . . . EHD . .
L vLad
. . . . . . . . . ZHD . .
oo e1ad
. . . . _ s1y . . . . IHD . .
eLuvSN PINLL ¢iad
S10
- - - - - - - - - - - - |luad| a
eLuvSN Jog
R R R R _ A0 R R R R R R R
eLuvSn 01ad
R R R R _ Xy R R R R R R R
eLdvSn 6ad
- R R R _ Xy R R R R - R -
e1dvsn 8ad
R R R R _ A0 R R R R R R R
ZLuvSN 4ad
s4 aos 8/ A
113 | 1910/ |vielzLmiL | LswLavn | padvsn | LS| EIRE | EE | BUOY | smigmin |zl | SAS
SH Z9lO | [Z/INVD | /oldvsn | /gidS yod
b4V 014V 64V 84v L4V 94V | Sdv | vdv | e4v zd4v LV 04v

uod) Buiddew uonouNy sjeUIR) e XXE6ZYAZEINLS PUE XX/ZY4ZEINLS ") dlqel

79/239

DoclD024030 Rev 10




’ ’ ’ XL 2LEvn ’ muw__qu_\,_ |vmn_un_mm ’ Jr h._ _\M_u_h ’ ’ I
- - - - - - - - - - - | s4d
- - - - - - - - - - - | rad
40d
- - - - - - - - - - - | e4d
- - - - - - - - - Mo - |siad
- - - - - - - - - - o - |oiad
- - - XL™214vVN - - - - - - w_w_\_,.__m - 83d
- - - Xy~ 214vN - - - - - - |m__w,_m__k - /3d
113 Juww_o\ PLELZINLL | smilavi | fLuvsn s | e | S | i, | sviEmL | znmie | sas
SH ZOLO | [Z/INVO | /9LMVSN | /[eldS uog

b4V 0LV 64V 84v L4v 94V | Sdv | vdV | edv zdv b4V 04V

uod) Buiddew uonouNy sjeUIR) e XXE6ZYAZEINLS PUE XX/ZY4ZEINLS ") dlqel

DoclD024030 Rev 10

80/239




s ’ ’ ~gixiven ’ ’ s | ’ ) ) | 8o

) | ’ ~arven ) ’ ) ’ ’ ) ) N

- - - - - - - - - - - - | 99d

- - - - - - - - - - - - | sod

- - - - - - - - - - - - | ved | 9,
- - - - - - - - - - - - | eod

- - - - - - - - - - - - | 2od

- - - - - - - - - - - - | 1od

- - - - - - - - - - - - | 09d

- - - - - - - - - - - - | stdd

- - - - - - - - - - - - | vidd

- - - - - - - - - - - - | etdd

- - - - - - - - - - - - | zkad

4 Hod

- - - - - - BoN | - - - - - | pad

- - - - - - - - - - - - | ovdd

- - LHO VLWL - - m_m_mﬂm _|mmn_un__m - - - - - 64d

- - LHO €LWIL - - mﬂv__/www b%_“__\m - - - - - 84d
113 Juww_o\ PLELZINLL | smilavi | fLuvsn s | e | S | i, | sviEmL | znmie | sas

SH 2910 | [ZIINVD | /9L¥VSN | /gids wod

LAV (T 64V 84V 14V 94V | Sdv | vdv | €dv zdv bV | o0dv

uod) Buiddew uonouNy sjeUIR) e XXE6ZYAZEINLS PUE XX/ZY4ZEINLS ") dlqel

81/239

DoclD024030 Rev 10




- . ~ ) ) . oS |vaws| . ] ]
LHO ZLNIL oS | e 9Hd
. . . . . . ss |vas | . . . .
N"GIdS | “z0zl SHd
. LIXN_IdIn B B . B B 108 B . B .
“SHO10 2ozl vHd
00 . . . . . . . . . . . H
[ HL3 EHd | yog
o) . . . . . . . . . . .
[ HL3 ¢hd
- - - - - - - - - - - - | thd
- - - - - - - - - - - - | oHd
. . . _s1D . . . . . . . .
9L4vSN §15d
XL~
i H13 . . xt . . ISON | ] ) ) }
axl 9L¥vSN ads viod
HL3
X1
i H13 . . _s1D . . s | . ] ] )
ax. 91dvSN 9lds €1od
H13
. . - _s1 . . oSN | . . . . o)
Y8 A9 | ~91uvsn 9lds ¢k9d | yog
XL
I H13 . . . . . . . . . . .
L 1od
[H13
- - €9 Q071 - - - - - - - - - |ood
. - . _ Xd . . - . . . - .
9LMvSN 69d
s4 asv 8/ 4
113 | 1910/ |vielzLmiL | LswLavn | padvsn | LS| EIRE | EE | BUOY | smigmin |zl | SAS
SH ZOL0 | /ZINVD | /9LMVSN | [gldS yod
LAV 0Lav 64v 8av L4V 93V | Sdv | pav | edv zdv Y | o0dv

uod) Buiddew uonouNy sjeUIR) e XXE6ZYAZEINLS PUE XX/ZY4ZEINLS ") dlqel

DoclD024030 Rev 10

82/239




] ] ) ) ] ) ] _ | emo . . .
SIIL 9ld
) ) ) ) ) ) ) ) ) ) )
SIIL sid
. . ) ) . ) . Y . . .
SIIL vid
as e
Sanso | - | S - - - | e
W 2IdS | uod
. . ) ) . ~as | osw | _ | vHo ) . I -
ezszl | zids SIIL
MO S
- - - - - - amos | - - - - - ld
21ds
SM ZS
- - - - - - |aussn| - - o - - | o
21ds
) ] ] ] ) ] ] _ | nemo ) ] )
o SLHd
. . ) ) . ) . .| NeHo ) . )
oo LHd
) . - ) ) ) . _ | NHD ) . )
XLTLNVO " ELHd
. . . . . . . . . _EHD . .
o ZLHd
. . . . . . . . . ZHD . . H
SINIL HHA | og
] ] ] ] ] ] ] ] ] IHD . .
o OLHd
) ) - ] ] ] . |vaws| . . . .
ZHO ZLNIL e 6Hd
R R R R R R R vas R R R R
ozl 8Hd
ax . ) ) ) ) OSIN | 108 ) ) . )
RNE sids | Teo ZHd
s4 aos 8/ A
113 | 1910/ |vielzLmiL | LswLavn | padvsn | LS| EIRE | EE | BUOY | smigmin |zl | SAS
SH Z9lO | [ZIINVD | /oldvsn | /cidS Jod
LAV 014V 64V 84v 14V 94V | G4V | vdv | g€dv z4v L4V 04v

uod) Buiddew uonouNy sjeUIR) e XXE6ZYAZEINLS PUE XX/ZY4ZEINLS ") dlqel

83/239

DoclD024030 Rev 10




rd

ord

Srd

vrd

r vod
erd

erd

ird

ord

Slid

viid

€lid

clid

Hia_idin
SH 910

Lid | 1Hod

1 XY
" H13

oLld

X LNVO

6ld

8ld

€HO
8INIL

Lid

113

_sd
1910/
SH Z910

aos/
VLELIZLINLL
[ZIINVD

8/
L/S/y1¥vn
91Ldvsn

€re
rrdvsn
I€1dS

LIvVS
1€2ldS

9/S/vIE
2ivids

€/e
1ozl

Lol
/6/8INIL

SIVIENIL

C/LNILL

SAS

Ldv

0Ldv

64V

8dv

Ldv

94V

Sdv

vdv

€dv

¢dv

Ldv

0dv

uod

uod) Buiddew uonouNy sjeUIR) e XXE6ZYAZEINLS PUE XX/ZY4ZEINLS ") dlqel

DoclD024030 Rev 10

84/239




"€ UOISIA®. UODI|IS UO 8|gejieAR AJUO S| 65 UO uonouny ajeula)ie DNASA INDQA 8yl

}

d

Nd

SMd

Md

M Hod
€Nd

oid

Id

0Md

Sird

yird

€lrd

cird

P Hod
Lrd

olrd

6rd

8rd

113

_sd
1910/
SH Z910

aos/
VLELIZLINLL
[ZIINVD

8/
L/S/y1¥vn
91Ldvsn

€re
rrdvsn
I€1dS

LIvVS
1€2ldS

9/S/vIE
2ivids

€/e
1ozl

Lol
/6/8INIL

SIVIENIL

C/LNILL

SAS

Ldv

0Ldv

64V

8dv

Ldv

94V

Sdv

vdv

€dv

¢dv

Ldv

0dv

uod

uod) Buiddew uonouNy sjeUIR) e XXE6ZYAZEINLS PUE XX/ZY4ZEINLS ") dlqel

85/239

DoclD024030 Rev 10




Memory mapping

STM32F427xx STM32F429xx

5

Memory mapping

The memory map is shown in Figure 19.

Figure 19. Memory map

OXFFFF FFFF

0xE000 0000
OXDFFF FFFF

0xD000 0000
OXCFFF FFFF

0xA000 0000
OX9FFF FFFF

0x8000 0000
OX7FFF FFFF

0x6000 0000
OX5FFF FFFF

0x4000 0000
Ox3FFF FFFF

0x2000 0000
Ox1FFF FFFF

0x0000 0000

512-Mbyte
Block 7

Cortex-M4
Internal

peripherals

512-Mbyte
Block 6
FMC

512-Mbyte
Block 5
FMC

512-Mbyte
Block 4
FMC bank 3 to
bank 4

512-Mbyte
Block 3

FMC bank 1 to
bank 2

512-Mbyte
Block 2
Peripherals

512-Mbyte
Block 1
SRAM

Reserved

0xE010 0000 - OxFFFF FFFF

Cortex-M4 internal

0xE000 0000 - OXEOOF FFFF

AHB3

0x6000 0000 - OXDFFF FFFF

Reserved

0x5006 0CO0 - Ox5FFF FFFF

AHB2

Reserved

AHB1

Reserved

512-Mbyte
Block 0
SRAM

Reserved

0x2003 0000 - 0x3FFF FFFF

SRAM (64 KB aliased
By bit-banding

APB2

0x2002 0000 - 0x2002 FFFF

Reserved

SRAM (16 KB aliased
By bit-banding

0x2001 C000 - 0x2001 FFFF

SRAM (112 KB aliased
By bit-banding

0x2000 0000 - 0x2001 BFFF

Reserved

0x1FFF COOF - Ox1FFF FFFF

Option Bytes

0x1FFF C000 - 0x1FFF C008

Reserved

X1FFF 7A10 - Ox1FFF 7FFF

System memory

OXFFF 0000 - 0x1FFF 7AOF

Reserved

Option bytes

Reserved

CCM data RAM
(64 KB data SRAM)

Reserved

Flash memory

Reserved

0x0020 0000 - 0x07FF FF

Aliased to Flash, system
memory or SRAM depending

on the BOOT pins

APB1

0x5006 0BFF

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

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

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

0x0000 0000 - 0x001F FFFF

0x4000 0000

MS30424V4
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3

Table 13. STM32F427xx and STM32F429xx register boundary addresses

Bus Boundary address Peripheral
OXEOOF FFFF - OXFFFF FFFF Reserved
Cortex-M4 0xEO000 0000 - OXEOOF FFFF Cortex-M4 internal peripherals
0xD000 0000 - OXDFFF FFFF FMC bank 6
0xC000 0000 - OXCFFF FFFF FMC bank 5
0xA000 1000 - 0xBFFF FFFF Reserved
0xA000 0000- 0xA000 OFFF FMC control register
ARBS 0x9000 0000 - OX9FFF FFFF FMC bank 4
0x8000 0000 - 0x8FFF FFFF FMC bank 3
0x7000 0000 - Ox7FFF FFFF FMC bank 2
0x6000 0000 - OX6FFF FFFF FMC bank 1
0x5006 0C00- Ox5FFF FFFF Reserved
0x5006 0800 - 0X5006 OBFF RNG
0x5005 0400 - X5006 07FF Reserved
AHB2 0x5005 0000 - 0X5005 03FF DCMI
0x5004 0000- 0x5004 FFFF Reserved
0x5000 0000 - 0X5003 FFFF USB OTG FS
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Memory mapping

STM32F427xx STM32F429xx

Table 13. STM32F427xx and STM32F429xx register boundary addresses (continued)

Bus Boundary address Peripheral

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

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

0x4002 3800 - 0x4002 3BFF RCC
0X4002 3400 - 0X4002 37FF Reserved
0x4002 3000 - 0x4002 33FF CRC
0x4002 2C00 - 0x4002 2FFF Reserved
0x4002 2800 - 0x4002 2BFF GPIOK
0x4002 2400 - 0x4002 27FF GPIOJ
0x4002 2000 - 0x4002 23FF GPIOI
0x4002 1C00 - 0x4002 1FFF GPIOH
0x4002 1800 - 0x4002 1BFF GPIOG
0x4002 1400 - 0x4002 17FF GPIOF
0x4002 1000 - 0x4002 13FF GPIOE
0X4002 0CO00 - 0x4002 OFFF GPIOD
0x4002 0800 - 0x4002 OBFF GPIOC
0x4002 0400 - 0x4002 07FF GPIOB
0x4002 0000 - 0x4002 03FF GPIOA
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Memory mapping

Table 13. STM32F427xx and STM32F429xx register boundary addresses (continued)

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

APB2
0x4001 3800 - 0x4001 3BFF SYSCFG
0x4001 3400 - 0x4001 37FF SPl14
0x4001 3000 - 0x4001 33FF SPI1
0x4001 2C00 - 0x4001 2FFF SDIO
0x4001 2400 - 0x4001 2BFF Reserved

0x4001 2000 - 0x4001 23FF

ADC1 - ADC2 - ADC3

0x4001 1800 - 0x4001 1FFF Reserved
0x4001 1400 - 0x4001 17FF USART6
0x4001 1000 - 0x4001 13FF USART1
0x4001 0800 - 0x4001 OFFF Reserved
0x4001 0400 - 0x4001 O7FF TIM8
0x4001 0000 - 0x4001 03FF TIM1

3
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Table 13. STM32F427xx and STM32F429xx register boundary addresses (continued)

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

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

0x4000 2800 - 0x4000 2BFF

RTC & BKP Registers

0x4000 2400 - 0x4000 27FF Reserved
0x4000 2000 - 0x4000 23FF TIM14
0x4000 1C00 - 0x4000 1FFF TIM13
0x4000 1800 - 0x4000 1BFF TIM12
0x4000 1400 - 0x4000 17FF TIM7
0x4000 1000 - 0x4000 13FF TIM6
0x4000 0C00 - 0x4000 OFFF TIM5
0x4000 0800 - 0x4000 OBFF TIM4
0x4000 0400 - 0x4000 O7FF TIM3
0x4000 0000 - 0x4000 03FF TIM2
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6.1

6.1.1

6.1.2

6.1.3

6.1.4

6.1.5

3

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

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

Typical values

Unless otherwise specified, typical data are based on Tp =25 °C, Vpp = 3.3 V (for the
1.7 V <Vpp 3.6 V voltage range). They are given only as design guidelines and are not
tested.

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

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 20.

Pin input voltage

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

Figure 20. Pin loading conditions Figure 21. Pin input voltage
C =50 PF e
MS19011Vv2 MS19010V2
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6.1.6 Power supply scheme

Figure 22. Power supply scheme

VBAT,
Backup circuitry
VBAT = ® ., Power (OSC32K,RTC,
1.65 to 3.6V (#S\Nitch Wakeup logic
Backup registers,
- backup RAM)
ouT |g
gl 10
[
GPIOs [ 2 Logic
o
-
VCAP_1 v Kernel logic
2x22uF  VCAP_2 = (CPU, digital
Tl !
—— ! & RAM)
VDD mmmm \DD i
T 1/2/..14/15 i
p— Voltage >
15 x 100 nF ; VSS regulator :
+1x47puF P 1/2/..14/15 o
BYPASS_REG Flash memory
Reset :
PDR_ON controller

VDD
-
VREF
______ Analog:
100nF | 100 an RCs,
TR | A pF PLL,..
=

MS19911V3

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

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

3. The 4.7 yF ceramic capacitor must be connected to one of the Vpp pin.
4. Vppa=Vpp and Vsgp=Vss.

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

3
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6.1.7

6.2

3

Current consumption measurement

Figure 23. Current consumption measurement scheme

IDD_VBAT
VBAT,
IpD
AQ‘VD_D[
i VDDﬁ:]

L

ai14126

Absolute maximum ratings

Stresses above the absolute maximum ratings listed in Table 14: Voltage characteristics,
Table 15: Current characteristics, and Table 16: Thermal characteristics may cause
permanent damage to the device. These are stress ratings only and functional operation of
the device at these conditions is not implied. Exposure to maximum rating conditions for
extended periods may affect device reliability.

Device mission profile (application conditions) is compliant with JEDEC JESD47
Qualification Standard, extended mission profiles are available on demand.

Table 14. Voltage characteristics

Symbol Ratings Min Max Unit
External main supply voltage (including Vppa, Vpp and
VDD_VSS VBAT)(1) - 03 40
Input voltage on FT pins(z) Vgs - 0.3 | Vpp+4.0
v Input voltage on TTa pins Vgs—0.3 4.0 v
IN
Input voltage on any other pin Vgg— 0.3 4.0
Input voltage on BOOTO pin Vss 9.0
|[AVppyl Variations between different Vpp power pins - 50
mV

Veex Vg Variations between all the different ground pins ) 50
SSXYSSI lincluding VReg.

see Section 6.3.15:
Absolute maximum
ratings (electrical
sensitivity)

Vespewm) | Electrostatic discharge voltage (human body model)

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

2. V)y maximum value must always be respected. Refer to Table 15 for the values of the maximum allowed
injected current.
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Table 15. Current characteristics

Symbol Ratings Max. Unit
>lypp Total current into sum of all Vpp , power lines (source)V) 270
> lyss Total current out of sum of all Vgg , ground lines (sink)() - 270
lvop Maximum current into each Vpp , power line (source)() 100
lyss Maximum current out of each Vgs , ground line (sink)(") -100
Output current sunk by any 1/0 and control pin 25
o Output current sourced by any I/Os and control pin -25
Total output current sunk by sum of all I/O and control pins @ 120 mA
*ho Total output current sourced by sum of all I/Os and control pins(z) -120
Injected current on FT pins )
- 5/+0
Ingeiny @ | Injected current on NRST and BOOTO pins )
Injected current on TTa pins(5) 15
ZI|NJ(p|N)(5) Total injected current (sum of all /O and control pins)®) 25

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

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

Negative injection disturbs the analog performance of the device. See note in Section 6.3.21: 12-bit ADC characteristics.

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

5. A positive injection is induced by V\>Vppa While a negative injection is induced by V|\<Vss. linypiny Must never be
exceeded. Refer to Table 14 for the values of the maximum allowed input voltage.

6. When several inputs are submitted to a current injection, the maximum ZI,NJ(plN) is the absolute sum of the positive and
negative injected currents (instantaneous values).

Table 16. Thermal characteristics

Symbol Ratings Value Unit
Tste Storage temperature range - 65to +150 °C
T, Maximum junction temperature 125 °C

3
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6.3 Operating conditions
6.3.1 General operating conditions
Table 17. General operating conditions
Symbol Parameter Conditions(") Min | Typ | Max | Unit
Power Scale 3 (VOS[1:0] bits in
PWR_CR register = 0x01), Regulator 0 - 120
ON, over-drive OFF
Over-
Power Scale 2 (VOS[1:0] bits | grive OFF - 144
in PWR_CR register = 0x10), 0
fucLk | Internal AHB clock frequency Regulator ON Over-
g X - 168
drive ON
Over-
Power Scale 1 (VOS[1:0] bits | grive OFF - | 168 |MHz
in PWR_CR register= 0x11), 0
Regulator ON Over- - 180
drive ON
; | | APBA clock f Over-drive OFF 0 - 42
nterna clock frequency
PeLKT Over-drive ON 0 - 45
; | | APB2 clock f Over-drive OFF 0 - 84
nterna clock frequency
PoLkz Over-drive ON 0 - 90
Vpp | Standard operating voltage 170 - 3.6
Analog operating voltage 17@] 24
vV, (ADC limited to 1.2 M samples)
i) Must be the same potential as Vpp(®) v
Analog operating voltage 24 36
(ADC limited to 2.4 M samples) ' '
Vear | Backup operating voltage 1.65 - 3.6
Power Scale 3 ((VOS[1:0] bits in
PWR_CR register = 0x01), 120 MHz 1.08 |1.14| 1.20
HCLK max frequency
Power Scale 2 ((VOSI[1:0] bits in
Regulator ON: 1.2 Vinternal | T WR_CR register = 0x10), 144 MHz 1.20 | 1.26| 1.32
voltage on V N ins HCLK max frequency with over-drive
9 cap_1/¥eap_ 2P OFF or 168 MHz with over-drive ON
Viz Power Scale 1 ((VOS[1:0] bits in v
PWR_CR register = 0x11), 168 MHz
HCLK max frequency with over-drive 1.26 11321 1.40
OFF or 180 MHz with over-drive ON
Regulator OFF: 1.2 V external | Max frequency 120 MHz 110 (114 | 1.20
voltage must be supplied from - "o ency 144 MHz 1.20 | 1.26| 1.32
external regulator on
Veap 1/Veap 2 pins®) Max frequency 168 MHz 1.26 [1.32| 1.38
1S7 DoclD024030 Rev 10 95/239
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Table 17. General operating conditions (continued)

Symbol Parameter Conditions(! Min | Typ | Max | Unit
Input voltage on RST and FT 2V = Vpp = 36V -03] - 5.5
pins(?) Vpp < 2V -03| - 5.2
Vin Input voltage on TTa pins -03| - V%?§‘+ v
Input voltage on BOOTO pin 0 - 9
LQFP100 - - 465
WLCSP143 - - 641
LQFP144 - - 500
Power dissipation at Ty =85 °C | UFBGA169 - _ 385
Pp for suffix 6 or Tp = 105 °C for mwW
suffix 7(8) LQFP176 . - | 5%
UFBGA176 - - 513
LQFP208 - - 1053
TFBGA216 - - 690
Ambient temperature for 6 suffix | Maximum power dissipation —40 85 °c
version Low power dissipation(®) -40 105
" Ambient temperature for 7 suffix | Maximum power dissipation —40 105 °c
version Low power dissipation(®) -40 125
6 suffix version -40 105
TJ Junction temperature range °C
7 suffix version -40 125
1. The over-drive mode is not supported at the voltage ranges from 1.7 to 2.1 V.
2. Vpp/Vppa minimum value of 1.7 V is obtained with the use of an external power supply supervisor (refer to Section 3.17.2:

© © N o

96/239 DoclD024030 Rev 10

Internal reset OFF).
When the ADC is used, refer to Table 74: ADC characteristics.
If VReg+ pin is present, it must respect the following condition: Vppa-Vrer+ < 1.2 V.

It is recommended to power Vpp and Vppa from the same source. A maximum difference of 300 mV between Vpp and Vppa
can be tolerated during power-up and power-down operation.

The over-drive mode is not supported when the internal regulator is OFF.
To sustain a voltage higher than VDD+0.3, the internal Pull-up and Pull-Down resistors must be disabled
If Tp is lower, higher Pp values are allowed as long as T, does not exceed T jyax-

In low power dissipation state, T4 can be extended to this range as long as T does not exceed T j;ax-

3
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Table 18. Limitations depending on the operating power supply range

Maximum Flash Maximum HCLK
Operating memory access Possible Flash
. . frequency vs Flash .
power supply | ADC operation | frequency with . 1/0 operation memory
. memory wait states .
range no wait states (1)(2) operations
(fFIashmax)
Vpp =1.7 to | Conversion time () 168 Mz with 8 W.a't No 1/0 8-bit erase and
3) 20 MHz states and over-drive . program
21V up to 1.2 Msps compensation .
OFF operations only
Vpp = 2.1to | Conversion time 180 MHz with 8 walt No 1/0 16-biterase and
22 MHz states and over-drive . program
24V up to 1.2 Msps compensation .
ON operations
Vpp = 2.4 to | Conversion time 180 MHz with 7 W.a't I/O compensation 16-biterase and
24 MHz states and over-drive program
2.7V up to 2.4 Msps works .
ON operations
Vpp = 2.7 to | Conversion time 180 MHz with 5 W.alt 1/0O compensation 32-biterase and
(5) 30 MHz states and over-drive program
36V up to 2.4 Msps works .
ON operations

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

required.

2. Thanks to the ART accelerator and the 128-bit Flash memory, the number of wait states given here does not impact the
execution speed from Flash memory since the ART accelerator allows to achieve a performance equivalent to 0 wait state

program execution.

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

Prefetch is not available.

The voltage range for USB full speed PHY's can drop down to 2.7 V. However the electrical characteristics of D- and D+
pins will be degraded between 2.7 and 3 V.

6.3.2

VCAP1/VCAP2 external capacitor

Stabilization for the main regulator is achieved by connecting an external capacitor Cgyy to
the VCAP1/VCAP2 pins. Cgx is specified in Table 19.

Figure 24. External capacitor Cgyxt

C
. ] [l .
[
ESR
]
L
R Leak
MS19044V2

1.

Legend: ESR is the equivalent series resistance.

Table 19. VCAP1/VCAP2 operating conditions(?)

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

1.

3

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

DoclD024030 Rev 10
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6.3.3 Operating conditions at power-up / power-down (regulator ON)

Subject to general operating conditions for Tx.

Table 20. Operating conditions at power-up / power-down (regulator ON)

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

Subject to general operating conditions for Tx.

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

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

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

3
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6.3.5

Reset and power control block characteristics

The parameters given in Table 22 are derived from tests performed under ambient

temperature and Vpp supply voltage conditions summarized in Table 17.

Table 22. reset and power control block characteristics

Symbol Parameter Conditions Min Typ | Max | Unit
PLS[2:0]=000 (rising edge) | 2.09 | 2.14 | 219 | V
PLS[2:0]=000 (falling edge) | 1.98 | 2.04 | 2.08 | V
PLS[2:0]=001 (rising edge) 223 | 230 | 2.37 \%
PLS[2:0]=001 (falling edge) | 2.13 | 219 | 225 | V
PLS[2:0]=010 (rising edge) | 2.39 | 2.45 | 251 | V
PLS[2:0]=010 (falling edge) | 2.29 | 2.35 | 2.39 | V
PLS[2:0]=011 (rising edge) | 2.54 | 2.60 | 2.65 | V
y Programmable voltage | PLSI2:0]=011 (falling edge) | 2.44 | 2.51 | 256 | V
PYD | detector level selection | p| 5[2:0]=100 (rising edge) | 2.70 | 2.76 | 2.82 | V
PLS[2:0]=100 (falling edge) | 2.59 | 2.66 | 2.71 | V
PLS[2:0]=101 (rising edge) | 2.86 | 2.93 | 299 | V
PLS[2:0]=101 (falling edge) | 2.65 | 2.84 | 2.92 | V
PLS[2:0]=110 (rising edge) | 2.96 | 3.03 | 3.10 | V
PLS[2:0]=110 (faling edge) | 2.85 | 2.93 | 2.99 | V
PLS[2:0]=111 (rising edge) 3.07 | 3.14 | 3.21 \%
PLS[2:0]=111 (falling edge) | 2.95 | 3.03 | 3.09 | V
Vpyphyst! | PVD hysteresis - 100 | - | mVv
v Power-on/power-down Falling edge 1.60 | 1.68 | 1.76 \Y
PORIPDR | reset threshold Rising edge 164 | 1.72 | 180 | Vv
Vpprhyst!!) | PDR hysteresis - 40 - | mv
Brownout level 1 Falling edge 213 | 219 | 224 | V
VBOR1 | threshold Rising edge 223 | 229|233 v
Brownout level 2 Falling edge 244 | 250 | 2.56 \Y,
VBOR2 | threshold Rising edge 253 | 259 | 263 | V
Brownout level 3 Falling edge 275 | 283 | 2.88 \Y,
VBORS | threshold Rising edge 285 | 292 | 297 | v
VBORhyst(1) BOR hysteresis - 100 - mV
TRS(WE?"PO POR reset temporization 05 | 15 | 3.0 | ms
IS72 DoclD024030 Rev 10 99/239
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Table 22. reset and power control block characteristics (continued)

Symbol Parameter Conditions Min | Typ | Max | Unit
InRush current on
(1) |voltage regulator power- )
lrusH on (POR or wakeup 160 | 200 | mA

from Standby)

InRush energy on
£ (1) |voltage regulator power- | Vpp = 1.7V, Ta = 105 °C, 5.4 c

RUSH' " | on (POR or wakeup IrusH = 171 MA for 31 ps i
from Standby)

1. Guaranteed by design.

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

6.3.6 Over-drive switching characteristics

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

The over-drive switching characteristics are given in Table 23. They are sbject to general
operating conditions for Ta.

Table 23. Over-drive switching characteristics(!)

Symbol Parameter Conditions Min Typ Max Unit
HSI - 45 -
. . HSE max for 4 MHz
Tod_swen | Over—driveswitch |y i for 26 MHz 45 . 100
- enable time
External HSE
50 MHz ) 40 )
us
HSI - 20 -
. . HSE max for 4 MHz
Tod_swdis Over_drlve switch and min for 26 MHz. 20 . 80
- disable time
External HSE ) 15 )
50 MHz

1. Guaranteed by design.

3

100/239 DoclD024030 Rev 10




STM32F427xx STM32F429xx Electrical characteristics

6.3.7

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, I/O pin switching rate, program location in memory and executed
binary code.

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

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

Typical and maximum current consumption

The MCU is placed under the following conditions:
e Alll/O pins are in input mode with a static value at Vpp or Vgg (no load).
e All peripherals are disabled except if it is explicitly mentioned.

e The Flash memory access time is adjusted both to fc| k frequency and Vpp range
(see Table 18: Limitations depending on the operating power supply range).

e Regulator ON
e The voltage scaling and over-drive mode are adjusted to fc| k frequency as follows:
— Scale 3 for fyc k £ 120 MHz
— Scale 2 for 120 MHz < fyg k < 144 MHz
— Scale 1 for 144 MHz < fyc k < 180 MHz. The over-drive is only ON at 180 MHz.
e The system clock is HCLK, fpc k1 = fucLk/4, and fpoLk2 = fHoLk/2.
e External clock frequency is 4 MHz and PLL is ON when fyc| k is higher than 25 MHz.

e  The maximum values are obtained for Vpp = 3.6 V and a maximum ambient
temperature (Tp), and the typical values for Ty= 25 °C and Vpp = 3.3 V unless
otherwise specified.
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Table 24. Typical and maximum current consumption in Run mode, code with data processing
running from Flash memory (ART accelerator enabled except prefetch) or RAM™

Max(?)
Symbol Parameter | Conditions | fyc k (MHZz) Typ Tp = Tp= Tp= Unit
25°C | 85°C | 105°C
180 98 1040) 123 1410)
168 89 980 116 1330)
150 75 84 100 115
144 72 81 96 112
120 54 58 72 85
Al 90 43 45 56 66
Peripherals 60 29 30 52 62
enabled 30 16 20 34 46
25 13 16 30 43
16 11 13 27 39
8 5 9 23 36
4 4 8 21 34
Supply 2 2 7 20 33
‘o ;Sr,\:er:toz]e 180 44 7® | 6o | e® | ™
168 41 45() 66 830
150 36 39 57 73
144 33 37 56 72
120 25 29 43 56
Al 90 20 23 41 53
Peripherals 60 14 16 34 45
disabled 30 8 12 26 39
25 7 10 24 37
16 7 9 22 35
8 3 7 21 34
4 3 6 20 33
2 2 6 20 33

Code and data processing running from SRAM1 using boot pins.
Guaranteed by characterization.

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

4. When the ADC is ON (ADON bit set in the ADC_CR2 register), add an additional power consumption of 1.6 mA per ADC
for the analog part.

5. Guaranteed by test in production.

3
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Table 25. Typical and maximum current consumption in Run mode, code with data processing
running from Flash memory (ART accelerator disabled)

Max("
Symbol Parameter Conditions | fycLk (MHz) Typ TA= Unit
25 0c | TA=85°C | TA=105°C
180 103 12 140 151
168 98 107 126 144
150 87 95 112 128
144 85 92 108 124
120 66 71 85 99
20 54 58 69 80
A;'nzij;pdh(g{g'f 60 37 39 47 55
30 20 24 39 51
25 17 21 35 48
16 12 16 30 42
8 7 11 24 37
4 5 8 22 35
Supply 2 3 7 21 34
Ibp current in mA
RUN mode 180 57 62 87 106
168 50 54 76 93
150 46 50 70 86
144 45 49 68 84
120 36 41 56 69
20 29 34 46 57
A'gf;ggﬁ:;g?'s 60 21 24 33 41
30 13 17 31 44
25 11 15 28 41
16 8 12 25 38
8 5 9 23 35
4 4 7 21 34
2 3 6.5 20 33

1. Guaranteed by characterization unless otherwise specified.

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

3. When the ADC is ON (ADON bit set in the ADC_CR2 register), add an additional power consumption of 1.6 mA per ADC for
the analog part.

3
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Table 26. Typical and maximum current consumption in Sleep mode

Max(!)
Symbol Parameter | Conditions | fyc Lk (MHz) Typ Tp = Tp= Tp= Unit
25°C | 85°C | 105°C
180 78 89 110 1300
168 66 750) 93 110(3)
150 56 61 80 96
144 54 58 78 94
120 40 44 59 72
Al 90 32 34 46 56
Peripherals 60 22 23 31 45
enabled® 30 10 16 30 43
25 9 14 28 40
16 5 12 25 40
8 3 8 22 35
4 3 7 21 34
Supply 2 2 6.5 20 33
oo Sf:;;err:o'ze 180 21 260) 54 76(3) mA
168 16 200 41 580)
150 14 17 36 52
144 13 16.5 35 51
120 10 14 28 41
Al 90 8 13 26 37
Peripherals 60 6 9 24 37
disabled 30 5 8 22 35
25 3 7 21 34
16 3 7 21 34
8 2 6 20 33
4 2 6 20 33
2 2 6 20 33

Guaranteed by characterization unless otherwise specified.

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

3. Based on characterization, tested in production.

3
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Table 27. Typical and maximum current consumptions in Stop mode

Max(?
Typ
Symbol Parameter Conditions Vop=3.6V Unit
TA = TA = TA = TA =
25°C | 25°C | 85°C |105°C
Flash memory in Stop mode, all
Supply current in Stop |0scillators OFF, no independent 0.40 1.50 | 14.00 | 25.00
mode with voltage watchdog
regulator in main Flash memory in Deep power
regulator mode down mode, all oscillators OFF, no| 0.35 1.50 | 14.00 | 25.00
Ibb STOP NM independent watchdog
(normal mode) Flash memory in Stop mode, all
Supply current in Stop  [oscillators OFF, no independent 0.29 1.10 | 10.00 | 18.00
mode with voltage watchdog
regulator in Low Power |Flash memory in Deep power
regulator mode down mode, all oscillators OFF, no| 0.23 1.10 | 10.00 | 18.00 | mA
independent watchdog
Supply gurrent in Stop Flash memory in Deep power
mode with voltage down mode, main regulator in
regulator in main L 9 . 0.19 0.50 6.00 9.00
requlator and under- under-drive mode, all oscillators
Iob STOP UDM dri%e mode OFF, no independent watchdog
(under-drive Supol tin St
mode) mljarc)jz)\//v(i;tlrjwrrveor;ta:ge P IEjash memory in Deep power
regulator in Low Power [00WN Mode, Low Power regulator |, 1| 4 49 | 400 | 7.00
in under-drive mode, all oscillators
regulator and under- FE : h
drive mode OFF, no independent watchdog

1.

3

Data based on characterization, tested in production.
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Table 28. Typical and maximum current consumptions in Standby mode
Ta=25°C Taz | Ta= | Ta=
Symbol | Parameter Conditions A 25°C | 85°C | 105 °C | Unit
Vpop = | Vbp= | Vbp = =
1.7V | 24V | 3.3V Vop =3.6V
Backup SRAM ON, low-speed
oscillator (LSE) and RTC ON 2.80 | 3.00 | 3.60 | 7.00 | 19.00 | 36.00
Backup SRAM OFF, low-
Supply current |Speed oscillator (LSE) and 230 | 260 | 3.10 | 6.00 | 16.00 | 31.00
Ibp_sTay [in Standby ~ [RTC ON HA
mode Backup SRAM ON, RTC and
: ®3) ®) ®)
LSE OFF 2.30 2.50 290 |6.00(18.00'*/|35.00
Backup SRAM OFF, RTC and (3) 3) 3)
LSE OFF 1.70 1.90 2.20 |5.00'*/|15.00'*/|30.00

1. The typical current consumption values are given with PDR OFF (internal reset OFF). When the PDR is OFF (internal reset
OFF), the typical current consumption is reduced by additional 1.2 pA.

Based on characterization, not tested in production unless otherwise specified.

Based on characterization, tested in production.

Table 29. Typical and maximum current consumptions in Vgar mode

Typ Max(?
Symbol | Parameter Conditions(!) Ta=25°C Tpo=85°C 1}; °=C Unit
PV TR BV Vear=asv
oecilstor (LSE) and RTG O | 128 | 140 | 162 | 6 .
Ibp_vBAT 525312 supply Ss;ﬁ:forsiél\é)zig, ;’%’gsopﬁed i I Bt ’ i HA
| current Eg(ékgpl):?RAM ON, RTC and 0.70 072 0.74 5 0
Eg(éké!)p’):?RAM OFF, RTC and 0.10 0.10 0.10 ) A

1. Crystal used: Abracon ABS07-120-32.768 kHz-T with a C;_ of 6 pF for typical values.

2. Guaranteed by characterization results.
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Figure 25. Typical Vgt current consumption (LSE and RTC ON/backup RAM OFF)
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Figure 26. Typical Vgat current consumption (LSE and RTC ON/backup RAM ON)
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Additional current consumption

The MCU is placed under the following conditions:
e Alll/O pins are configured in analog mode.
e  The Flash memory access time is adjusted to fHCLK frequency.
e  The voltage scaling is adjusted to fHCLK frequency as follows:
—  Scale 3 for fyg Lk = 120 MHz,
—  Scale 2 for 120 MHz < fyg k < 144 MHz
— Scale 1 for 144 MHz < fyc k < 180 MHz. The over-drive is only ON at 180 MHz.
e  The system clock is HCLK, fpc k1 = fHoLk/4, and fpck2 = fHeoLk/2-
e  HSE crystal clock frequency is 25 MHz.

e  When the regulator is OFF, V12 is provided externally as described in Table 17:
General operating conditions

¢« Ta=25°C.

Table 30. Typical current consumption in Run mode, code with data processing running from
Flash memory or RAM, regulator ON (ART accelerator enabled except prefetch),

Vpp=1.7 V()
Symbol Parameter Conditions fucLk (MHz) Typ Unit
168 88.2
150 74.3
144 71.3
All Peripheral 120 52.9
enabled 920 42.6
60 28.6
30 15.7
Supply current in 25 12.3
Ibp RUN mode from mA
150 30.6
144 32.6
All Peripheral 120 24.7
disabled 90 19.7
60 13.6
30 7.7
25 6.7

1. When peripherals are enabled, the power consumption corresponding to the analog part of the peripherls (such as ADC, or
DAC) is not included.

3
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Table 31. Typical current consumption in Run mode, code with data processing running
from Flash memory, regulator OFF (ART accelerator enabled except prefetch)“)

f VDD=3.3V VDD=1.7V
Symbol Parameter Conditions HCLK Unit

(MHz) Ipp12 ) Ibp12 Iop
168 77.8 1.3 76.8 1.0
150 70.8 1.3 69.8 1.0
144 64.5 1.3 63.6 1.0

All Peripherals | 120 | 499 | 12 | 493 | 09

enabled 90 39.2 1.3 38.7 1.0

60 27.2 1.2 26.8 0.9

30 15.6 1.2 154 0.9

Supply current in

o RUN mode from 25 186 | 12 [ 135 [ 09 |
pp12 oo Viz2and Vpp 168 | 382 13 | 37.0 1.0
supply

150 34.6 1.3 334 1.0
144 31.3 1.3 30.3 1.0
All Peripherals 120 24.0 1.2 23.2 0.9

disabled 90 18.1 1.4 18.0 1.0
60 12.9 1.2 125 0.9
30 7.2 1.2 6.9 0.9
25 6.3 1.2 6.1 0.9

1. When peripherals are enabled, the power consumption corresponding to the analog part of the peripherals (such as ADC,
or DAC) is not included.

3
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Table 32. Typical current consumption in Sleep mode, regulator ON, Vpp=1.7 V(')

Symbol Parameter Conditions fheLk (MHz) Typ Unit
168 65.5
150 55.5
144 53.5
120 39.0
All Peripherals enabled
90 31.6
60 21.7
30 9.8
| Supply current in Sleep 25 8.8 mA
bD mode from Vpp supply 168 15.7
150 13.7
144 12.7
120 9.7
All Peripherals disabled
90 7.7
60 5.7
30 4.7
25 2.8

1. When peripherals are enabled, the power consumption corresponding to the analog part of the peripherals (such as ADC,
or DAC) is not included.

3
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Table 33. Tyical current consumption in Sleep mode, regulator ofFr(

VDD=3.3V VvDD=1.7V Unit
Symbol Parameter Conditions | fyck (MHz)

Ipp12 Ipp Ipp12 Ipp

180 61.5 1.4 - -
168 594 1.3 59.4 1.0
150 53.9 1.3 53.9 1.0
144 49.0 1.3 49.0 1.0
All Peripherals 120 38.0 12 38.0 0.9

enabled

90 29.3 14 29.3 1.1
60 20.2 1.2 20.2 0.9
30 11.9 1.2 11.9 0.9

Supply current
in Sleep mode 25 10.4 1.2 10.4 0.9
0012100 | from V5 and 180 14.9 14 - - mA
Vpp supply
168 14.0 1.3 14.0 1.0
150 12.6 1.3 12.6 1.0
144 11.5 1.3 11.5 1.0
All Peripherals

disabled 120 8.7 1.2 8.7 0.9

90 71 14 71 1.1
60 5.0 1.2 5.0 0.9
30 3.1 1.2 3.1 0.9
25 2.8 1.2 2.8 0.9

1. When peripherals are enabled, the power consumption corresponding to the analog part of the peripherals (such as ADC,
or DAC) is not included.
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I/0 system current consumption

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

I/O static current consumption

All the 1/0s used as inputs with pull-up generate 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 56: I/O static characteristics.

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

Additional 1/0O 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 1/Os in analog mode. This is notably the case of ADC input pins which should be
configured as analog inputs.

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

I/O dynamic current consumption

In addition to the internal peripheral current consumption (see Table 35: Peripheral current
consumption), the 1/Os used by an application also contribute to the current consumption.
When an I/O pin switches, it uses the current from the MCU supply voltage to supply the 1/O
pin circuitry and to charge/discharge the capacitive load (internal or external) connected to
the pin:

ISW = VDDX fSWX C

where
Isw is the current sunk by a switching I/O to charge/discharge the capacitive load
Vpp is the MCU supply voltage
fsw is the /O switching frequency
C is the total capacitance seen by the I/O pin: C = C\y1+ CexT

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

3
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Table 34. Switching output I/O current consumption“)

1/0 toggling
Symbol Parameter Conditions frequency Typ Unit
(fsw)
2 MHz 0.0
8 MHz 0.2
25 MHz 0.6
Vpp =3.3V
op =3 ?2) 50 MHz 1.1
C=Cint
60 MHz 1.3
84 MHz 1.8
/0 switching 90 MHz 1.9
Ibbio mA
Current 2 MHz 0.1
8 MHz 0.4
Vpp =33V 25 MHz 1.23
Cexr = 0 pF 50 MHz 2.43
C=CiNt * Cexr
+Cg 60 MHz 2.93
84 MHz 3.86
90 MHz 4.07
2 MHz 0.18
8 MHz 0.67
Vpp =33V 25 MHz 2.09
Cexr =10 pF 50 MHz 36
C=CiNt * Cexr
+Cg 60 MHz 4.5
84 MHz 7.8
90 MHz 9.8
| /0 switching 2 MHz 0.26 A
PpIo Current Vpp = 3.3V 8 MHz 1.01
Cexr = 22 pF 25 MHz 3.14
C=Cint * Cexr
+Cg 50 MHz 6.39
60 MHz 10.68
2 MHz 0.33
VDD =33V
CEXT =33 pF 8 MHz 1.29
C= C|NT + Cext 25 MHz 4.23
+ CS
50 MHz 11.02
1. Cgis the PCB board capacitance including the pad pin. Cg = 7 pF (estimated value).
2. This test is performed by cutting the LQFP176 package pin (pad removal).
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On-chip peripheral current consumption

The MCU is placed under the following conditions:

At startup, all I/0 pins are in analog input configuration.

All peripherals are disabled unless otherwise mentioned.

I/0 compensation cell enabled.

The ART accelerator is ON.

Scale 1 mode selected, internal digital voltage V12 = 1.32 V.

HCLK is the system clock. fpc k1 = fHoLk/4, and fpcLk2 = fHoLk/2-

The given value is calculated by measuring the difference of current consumption
— with all peripherals clocked off

— with only one peripheral clocked on

—  fyeowk = 180 MHz (Scale1 + over-drive ON), fyc k = 144 MHz (Scale 2),
fHCLK =120 MHz (Scale 3)“

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

Table 35. Peripheral current consumption

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

GPIOA 2.50 2.36 2.08

GPIOB 2.56 2.36 2.08

GPIOC 244 2.29 2.00

GPIOD 2.50 2.36 2.08

GPIOE 2.44 2.29 2.00

GPIOF 244 2.29 2.00

GPIOG 2.39 2.22 2.00

GPIOH 2.33 215 1.92

GPIOI 2.39 2.22 2.00

AHB1 GPIOJ 2.33 2.15 1.92

18(37\;32) GPIOK 2.33 2.15 1.92 HAMHZ

OTG_HS+ULPI 27.00 24 .86 21.92

CRC 0.44 0.42 0.33

BKPSRAM 0.78 0.69 0.58

DMA1 25.33 23.26 20.50

DMA2 24.72 22.71 20.00

DMA2D 28.50 26.32 23.33

ETH_MAC

EMMCT | i | e | s

ETH_MAC_PTP

114/239
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Table 35. Peripheral current consumption (continued)

Iop( Typ)™
Peripheral Unit
Scale 1 Scale 2 Scale 3
AHB2 OTG_FS 25.67 26.67 23.58
(up to DCMI 3.72 3.40 3.00 UA/MHz
180 MHz) RNG 2.28 2.36 2.17
AHB3
(up to FMC 21.39 19.79 17.50 HA/MHz
180 MHz)
Bus matrix@ 14.06 13.19 11.75 pA/MHz
TIM2 17.56 16.42 14.47
TIM3 14.22 13.36 11.80
TIM4 14.89 13.64 1213
TIM5 17.33 16.42 14.47
TIM6 2.89 253 2.47
TIM7 3.11 2.81 2.47
TIM12 7.33 6.97 6.13
TIM13 4.89 4.47 413
TIM14 5.56 5.31 4.80
PWR 11.11 10.31 9.13
USART2 4.22 3.92 3.47
USART3 4.44 4.19 3.80
APB1 UART4 4.00 3.92 3.47
(up to UART5 4.00 3.92 3.47 HA/MHz
45 MHz) UART7 4.00 3.92 3.47
UART8 3.78 3.92 3.47
12C1 4.00 3.92 3.47
12C2 4.00 3.92 3.47
12C3 4.00 3.92 3.47
SPI12®) 3.11 3.08 2.80
SPI13®) 3.56 3.36 3.13
1252 2.89 2.81 2.47
12S3 3.33 3.08 2.80
CAN1 6.89 6.42 5.80
CAN2 6.67 6.14 5.47
DAC#) 2.89 2.25 213
WWDG 0.89 0.86 0.80
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Table 35. Peripheral current consumption (continued)

Iop( Typ)™
Peripheral Unit
Scale 1 Scale 2 Scale 3
SDIO 8.11 8.75 7.83
TIM1 17.11 15.97 14.17
TIM8 17.33 16.11 14.33
TIM9 7.22 6.67 6.00
TIM10 4.56 4.31 3.83
TIM11 478 4.44 4.00
ADC1®) 4.67 4.31 3.83
ADC2®) 478 4.44 4.00
APB2 ADC3() 4.56 417 3.67
(up to PA/MHz
90 MHz) SPI1 1.44 1.39 1.17
USART1 4.00 3.75 3.33
USART6 4.00 3.75 3.33
SPI14 1.44 1.39 1.17
SPI5 1.44 1.39 1.17
SPI6 1.44 1.39 1.17
SYSCFG 0.78 0.69 0.67
LCD_TFT 39.89 37.22 33.17
SAI1 3.78 3.47 3.17

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

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

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

HwDnp

3
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6.3.8 Wakeup time from low-power modes
The wakeup times given in Table 36 are measured starting from the wakeup event trigger up
to the first instruction executed by the CPU:
e  For Stop or Sleep modes: the wakeup event is WFE.
e  WKUP (PAO) pin is used to wakeup from Standby, Stop and Sleep modes.
All timings are derived from tests performed under ambient temperature and Vpp=3.3 V.
Table 36. Low-power mode wakeup timings
Symbol Parameter Conditions Typ(" Max(V Unit
CPU
twusLeep'?) | Wakeup from Sleep - 6 - clock
cycle
Main regulator is ON 13.6 -
Main regulator is ON and Flash
. 93 1M1
memory in Deep power down mode
Wakeup from Stop mode
twusTop® | with MR/LP regulator in
normal mode Low power regulator is ON 22 32
Low power regulator is ON and Flash
. 103 126
memory in Deep power down mode us
Main regulator in under-drive mode
(Flash memory in Deep power-down 105 128
Wakeup from Stop mode | M°d€)
twustop®® | with MR/LP regulator in | Low power regulator in under-drive
Under-drive mode mode
. 125 155
(Flash memory in Deep power-down
mode )
tWUSTDBY | Wakeup from Standb
@O0 | made y 318 412

1. Guaranteed by characterization results.

2. The wakeup times are measured from the wakeup event to the point in which the application code reads the first

3. twusTtpsy maximum value is given at —40 °C.

3
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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 1/0. The
external clock signal has to respect the Table 56: I/O static characteristics. However, the
recommended clock input waveform is shown in Figure 27.

The characteristics given in Table 37 result from tests performed using an high-speed

external clock source, and under ambient temperature and supply voltage conditions

summarized in Table 17.

Table 37. High-speed external user clock characteristics

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

1. Guaranteed by design.
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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/O. The
external clock signal has to respect the Table 56: I/O static characteristics. However, the
recommended clock input waveform is shown in Figure 28.

The characteristics given in Table 38 result from tests performed using an low-speed
external clock source, and under ambient temperature and supply voltage conditions
summarized in Table 17.

Table 38. Low-speed external user clock characteristics

Symbol Parameter Conditions Min Typ Max Unit
User External clock source
fLSE ext frequency() - 32.768 1000 kHz
OSC32_IN input pin high level
VLSEH | yoltage PRI TS 0.7Vbp - Voo v
Vi sEL OSC32_IN input pin low level voltage Vss - 0.3Vpp
tw(LsE) 0OSC32_IN high or low time(") 450 - -
tLsE) ns
t(LSE) | 0SC32 IN rise or fall time(") ; ; 50
tiLsE)
Cinse) | OSC32_IN input capacitance(") - 5 - pF
DuCy sy | Duty cycle 30 - 70 %
I OSC32_IN Input leakage current Vss<Vin<Vpp - - +1 MA

1. Guaranteed by design.

3

Figure 27. High-speed external clock source AC timing diagram
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Figure 28. Low-speed external clock source AC timing diagram

VLSEH ~ lLo-ooo--
90% ===\
10%F-----f-----_1 ! !
VLSEL  [o---- ) N . . . —
1 (] L ] 1 ] t 't
tr(LSE) -N-:J<— —>‘—l<—tf(|_SE) : u—»tW(LSE) l———» 'W(LSE)
—TLse——
f
External LSE_ext |
clock source OSC32_IN L
ST = STM32F
ai17529

High-speed external clock generated from a crystal/ceramic resonator

The high-speed external (HSE) clock can be supplied with a 4 to 26 MHz crystal/ceramic
resonator oscillator. All the information given in this paragraph are based on
characterization results obtained with typical external components specified in Table 39. 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 39. HSE 4-26 MHz oscillator characteristics (!

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

Guaranteed by design.

2. This parameter depends on the crystal used in the application. The minimum and maximum values must
be respected to comply with USB standard specifications.

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

oscillation is reached. This value is based on characterization and not tested in production. It is measured
for a standard crystal resonator and it can vary significantly with the crystal manufacturer.
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Note:

Note:

3

For C 4 and C| », it is recommended to use high-quality external ceramic capacitors in the
5 pF to 25 pF range (typ.), designed for high-frequency applications, and selected to match
the requirements of the crystal or resonator (see Figure 29). C; 4 and C| 5 are usually the
same size. The crystal manufacturer typically specifies a load capacitance which is the
series combination of C 4 and C| ,. PCB and MCU pin capacitance must be included (10 pF
can be used as a rough estimate of the combined pin and board capacitance) when sizing
C|_1 and CL2'

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 29. Typical application with an 8 MHz crystal

Resonator with
integrated capacitors

’\‘ Gy

. I - 0SC_IN fHSE
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) Bias

3 8 MHz RE | controlled
gain

STM32F
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1. Rgxr value depends on the crystal characteristics.
Low-speed external clock generated from a crystal/ceramic resonator

The low-speed external (LSE) clock can be supplied with a 32.768 kHz crystal/ceramic
resonator oscillator. All the information given in this paragraph are based on
characterization results obtained with typical external components specified in Table 40. In
the application, the resonator and the load capacitors have to be placed as close as
possible to the oscillator pins in order to minimize output distortion and startup stabilization
time. Refer to the crystal resonator manufacturer for more details on the resonator
characteristics (frequency, package, accuracy).

Table 40. LSE oscillator characteristics (f_gg = 32.768 kHz) ()

Symbol Parameter Conditions Min | Typ | Max | Unit
Re Feedback resistor - 18.4 - MQ
Ipp LSE current consumption - - 1 MA
ACC_sg® |LSE accuracy -500| - 500 | ppm
Gp,_crit_max | Maximum critical crystal g, Startup - - 0.56 | pAV
tSU(LSE)(3) startup time Vpp is stabilized - 2 - S

1. Guaranteed by design.
2. This parameter depends on the crystal used in the application. Refer to application note AN2867.

3. tsyg sk is the startup time measured from the moment it is enabled (by software) to a stabilized
32.768 kHz oscillation is reached. This value is based on characterization and not tested in production. It is
measured for a standard crystal resonator and it can vary significantly with the crystal manufacturer.

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 30. Typical application with a 32.768 kHz crystal
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Internal clock source characteristics

The parameters given in Table 41 and Table 42 are derived from tests performed under
ambient temperature and Vpp supply voltage conditions summarized in Table 17.

High-speed internal (HSI) RC oscillator

Table 41. HSI oscillator characteristics ()

Symbol Parameter Conditions Min | Typ | Max | Unit
fusi Frequency - - 16 - MHz
HSI user-trimming step (?) - - - 1 %
To=—-40t0105°C®)| -8 - 45 | %
ACCpg
Accuracy of the HSI oscillator To=-10t085°C® | -4 - 4 %
Ta=25°CH# -1 - 1 %
tsu(HSI)(z) HSI oscillator startup time - - 2.2 4 us
1. Vpp =3.3V, Tp =40 to 105 °C unless otherwise specified.
2. Guaranteed by design.
3. Guaranteed by characterization results.
4. Factory calibrated, parts not soldered.
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Figure 31. ACCHSI accuracy versus temperature
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1. Guaranteed by characterization results.

Low-speed internal (LSI) RC oscillator

Table 42. LSI oscillator characteristics ()

Symbol Parameter Min Typ Max Unit

fLg® Frequency 17 32 47 kHz
tSU(LS|)(3) LSl oscillator startup time - 15 40 us
IDD(LS|)(3) LS| oscillator power consumption - 0.4 0.6 MA

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

Guaranteed by design.

3
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Figure 32. ACC, g, versus temperature
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6.3.11

PLL characteristics

The parameters given in Table 43 and Table 44 are derived from tests performed under
temperature and Vpp supply voltage conditions summarized in Table 17.

Table 43. Main PLL characteristics

Symbol Parameter Conditions Min Typ Max Unit
foLL IN PLL input clock(") 0.95(2) 1 210 | MHz
frLL ouT PLL multiplier output clock 24 - 180 MHz

48 MHz PLL multiplier output
fpLias oUT | gock P P - 48 75 MHz
fVCO_OUT PLL VCO output 100 - 432 MHz
VCO freq = 100 MHz 75 - 200
t ock PLL lock time us
VCO freq = 432 MHz 100 - 300
124/239 DoclD024030 Rev 10 Kys
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Table 43. Main PLL characteristics (continued)

Symbol Parameter Conditions Min Typ Max Unit
RMS - 25 -
Cycle-to-cycle jitter peak
to - +150 -
System clock peak
120 MHz RMS - 15 -
Period Jitter peak
- + -
Jitter® :)oeak 200 ps
Main clock output (MCO) for Cycle to cycle at 50 MHz ) 32 )
RMII Ethernet on 1000 samples
Main clock output (MCO) for MIl | Cycle to cycle at 25 MHz ) 40 )
Ethernet on 1000 samples
Bit Time CAN jitter Cycle to cycle at 1 MHz . 330 -
on 1000 samples
VCO freq = 100 MHz 0.15 0.40
| () PLL i VDD - A
DD(PLL) power consumption on VCO freq = 432 MHz 0.45 o7rs | ™
| @) PLL power consumption on VCO freq = 100 MHz 0.30 i 0.40 mA
DDA(PLL) VDDA VCO freq = 432 MHz 0.55 0.85

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

Guaranteed by design.

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

Guaranteed by characterization results.

Table 44. PLLI2S (audio PLL) characteristics

Symbol Parameter Conditions Min Typ Max Unit
foLLi2s IN PLLI2S input clock(" 0.95@) | 1 210 | MHz
fpLLI2S ouT PLLI2S multiplier output clock - - 216 MHz
fyco out PLLI2S VCO output 100 - 432 MHz

VCO freq = 100 MHz 75 - 200
t ock PLLI2S lock time us
VCO freq = 432 MHz 100 - 300
Cycle to cycle at RMS B 90 B
12.288 MH'z on peak
48KHz period, to - 280 - ps
N=432, R=5 peak
Master 12S clock jitter
L (3) Average frequency of
Jitter 12.288 MHz %
N=432,R=5 ) ; ps
on 1000 samples
Cycle t le at 48 KH
WS 125 clock jitter ycle fo cycle z ; 400 ; ps
on 1000 samples
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Table 44. PLLI2S (audio PLL) characteristics (continued)

Symbol Parameter Conditions Min Typ Max Unit
| (4) |PLLI2S power consumption on | VCO freq = 100 MHz 0.15 i 0.40 mA
DD(PLLI2S) ™~ vy VCO freq = 432 MHz 0.45 0.75

(4) | PLLI2S power consumption on | VCO freq = 100 MHz 0.30 0.40
lbpAPLLIZS) ™ |y _ - mA

DDA VCO freq = 432 MHz 0.55 0.85
1. Take care of using the appropriate division factor M to have the specified PLL input clock values.
2. Guaranteed by design.
3. Value given with main PLL running.
4. Guaranteed by characterization results.
Table 45. PLLISAI (audio and LCD-TFT PLL) characteristics

Symbol Parameter Conditions Min Typ Max Unit
foLLSAL IN PLLSAI input clock(") 0.95@) | 1 210 | MHz
feLsa_out | PLLSAI multiplier output clock - - 216 MHz
fyco_out PLLSAI VCO output 100 - 432 MHz

VCO freq = 100 MHz 75 - 200
t ock PLLSAI lock time us
VCO freq = 432 MHz 100 - 300
Cycle to cycle at RMS B 90 B
12.288 MHz on peak
48KHz period, to - 280 - ps
N=432, R=5 peak
Main SAl clock jitter
L (3) Average frequency of
Jitter 12.288 MHz %
N=432,R=5 ) ; ps
on 1000 samples
Cycle t le at 48 KH
FS clock jitter ycle fo cycle z ; 400 ; ps
on 1000 samples
| (4) | PLLSAI power consumption on | VCO freq = 100 MHz 0.15 i 0.40 mA
DD(PLLSAD | vpp VCO freq = 432 MHz 0.45 0.75
| (4) | PLLSAI power consumption on | VCO freq = 100 MHz 0.30 i 0.40 mA
DDA(PLLSAN™ | Vppa VCO freq = 432 MHz 0.55 0.85

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

3. Value given with main PLL running.

4

Guaranteed by characterization results.

3
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6.3.12 PLL spread spectrum clock generation (SSCG) characteristics

The spread spectrum clock generation (SSCG) feature allows to reduce electromagnetic
interferences (see Table 52: EMI characteristics). It is available only on the main PLL.

Table 46. SSCG parameters constraint

Symbol Parameter Min Typ Max(!) Unit

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

1. Guaranteed by design.

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

MODEPER = round[fp, |n/ (4% fyoq)]

feLL N @and fyog Must be expressed in Hz.
As an example:

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

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

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

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

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

INCSTEP = round[((2'°-1)x 2x 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:

md (MODEPER x INCSTEP x 100 x 5)/ ((2'"°=1)x PLLN)

quantized% =
As a result:

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

o, —_
quantized To =

3
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Figure 33 and Figure 34 show the main PLL output clock waveforms in center spread and
down spread modes, where:

FO is fp oyt nominal.
Trmode is the modulation period.
md is the modulation depth.

Figure 33. PLL output clock waveforms in center spread mode
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Figure 34. PLL output clock waveforms in down spread mode
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6.3.13

3

Memory characteristics

Flash memory

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

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

Table 47. Flash memory characteristics

Symbol Parameter Conditions Min Typ Max | Unit
Write / Erase 8-bit mode, Vpp = 1.7 V - 5 -
Iop Supply current | Write / Erase 16-bit mode, Vpp =2.1V - 8 - mA
Write / Erase 32-bit mode, Vpp =3.3 V - 12 -
Table 48. Flash memory programming
Symbol Parameter Conditions MinM| Typ |Max(™ | Unit
N Program/erase parallelism ) @)
torog Word programming time (PSIZE) = x 8/16/32 16 | 100 us
Program/erase parallelism
(PSIZE) = x 8 - | 400 | 800
. Program/erase parallelism
teraseE1ekB | Sector (16 KB) erase time (PSIZE) = x 16 - 300 | 600 | ms
Program/erase parallelism
(PSIZE) = x 32 - | 290 | 500
Program/erase parallelism
(PSIZE) = x 8 - 1200 | 2400
. Program/erase parallelism
terasEs4kp | Sector (64 KB) erase time (PSIZE) = x 16 - 700 | 1400 | ms
Program/erase parallelism
(PSIZE) = x 32 - | 590 | 1100
Program/erase parallelism ) 2 4
(PSIZE)=x 8
terasE128KB | Sector (128 KB) erase time gg?éaET/:e;a?g parallelism - 1.3 2.6 s
Program/erase parallelism ) 1 2
(PSIZE) =x 32
Program/erase parallelism
(PSIZE) = x 8 R
. Program/erase parallelism
tvE Mass erase time (PSIZE) = x 16 - 11 22 ]
Program/erase parallelism ) 8 16
(PSIZE) =x 32
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Table 48. Flash memory programming (continued)

Symbol Parameter Conditions Min® | Typ |Max(™ | Unit
Program/erase parallelism
(PSIZE)=x8 ) 16 32
. Program/erase parallelism
tge Bank erase time (PSIZE) = x 16 - 11 22 s
Program/erase parallelism ) 8 16
(PSIZE) =x 32
32-bit program operation 2.7 - 3.6 \%
Vorog Programming voltage 16-bit program operation 2.1 - 3.6 \%
8-bit program operation 1.7 - 3.6 \%
1. Guaranteed by characterization results.
2. The maximum programming time is measured after 100K erase operations.
Table 49. Flash memory programming with Vpp
Symbol Parameter Conditions Min(" Typ Max(!) | Unit
torog Double word programming - 16 100 us
terase1ekB | Sector (16 KB) erase time Ta = 0 to +40 °C - 230 -
terasEsakp | Sector (64 KB) erase time Vpp =3.3V - 490 - ms
terasE128kB | Sector (128 KB) erase time Vep=85V - 875 -
tmE Mass erase time - 6.9 - ]
tge Bank erase time - 6.9 - s
Vorog Programming voltage 27 - 3.6 \%
Vpp Vpp voltage range 7 - 9 V
Minimum current sunk on
lpp the Vpp pin 10 i i mA
3) Cumulative time during _ i
tvep which Vpp is applied 1| hour

1. Guaranteed

by design.

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

3. Vpp should only be connected during programming/erasing.
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6.3.14

3

Table 50. Flash memory endurance and data retention

Value
Symbol Parameter Conditions Unit
Min(")
Ty = —40 to +85 °C (6 suffix versions)
N End kcycl
END ndurance Tp =—40 to +105 °C (7 suffix versions) 10 cycles
1 keycle® at Ty = 85 °C 30
trer | Data retention |1 kcycle® at T, = 105 °C 10 Years
10 keycles® at T, = 55 °C 20

1. Guaranteed by characterization results.

2. Cycling performed over the whole temperature range.

EMC characteristics

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

Functional EMS (electromagnetic susceptibility)

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

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.

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

A device reset allows normal operations to be resumed.

The test results are given in Table 51. They are based on the EMS levels and classes
defined in application note AN1709.

Table 51. EMS characteristics

Level/

Symbol Parameter Conditions
Class

VDD =33 V, LQFP176, TA =
+25 °C, fycLk = 168 MHz, conforms | 2B
to IEC 61000-4-2

Vv Voltage limits to be applied on any 1/O pin to
FESD  |induce a functional disturbance

Fast transient voltage burst limits to be Vpp =3.3V, LQFP176, Ty =+25 °C,
Verrg | applied through 100 pF on Vpp and Vgg fucLk = 168 MHz, conforms to 4A
pins to induce a functional disturbance IEC 61000-4-2

When the application is exposed to a noisy environment, it is recommended to avoid pin
exposition to disturbances. The pins showing a middle range robustness are: PAO, PA1,
PA2, PH2, PH3, PH4, PH5, PA3, PA4, PA5, PA6, PA7, PC4, and PC5.

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).
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Designing hardened software to avoid noise problems

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

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

Software recommendations

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

e  Unexpected reset

e  Critical Data corruption (control registers...)

Prequalification trials

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

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

Electromagnetic Interference (EMI)

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

Table 52. EMI characteristics

Max vs. Max vs.
Symbol | Parameter Conditions Monitored [fuseffepul | [fuselferul | ypig
frequency band
25/168 MHz | 25/180 MHz

0.1 to 30 MHz 16 19
Vpp=3.3V, Ty =25°C, LQFP176
package, conforming to SAE J1752/3 | 30 to 130 MHz 23 23 dBpv
EEMBC, ART ON, all peripheral 130 MHz to
clocks enabled, clock dithering 1GHz 25 22
disabled.

SAE EMI Level 4 4 -

SEMl Peak level

0.1 to 30 MHz 17 16
Vpp=3.3V, Ty=25"°C, LQFP176
package, conforming to SAE J1752/3 30 to 130 MHz 8 10 dBpv
EEMBC, ART ON, all pgrlpheral 130 MHz to » 16
clocks enabled, clock dithering 1GHz
enabled

SAE EMI level 3.5 3.5 -

132/239
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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 separated by 1 second) are
applied to the pins of each sample according to each pin combination. The sample size
depends on the number of supply pins in the device (3 parts x (n+1) supply pins). This test
conforms to the ANSI/ESDA/JEDEC JS-001 and ANSI/ESD S5.3.1 standards.

Table 53. ESD absolute maximum ratings

Symbol Ratings Conditions Class Maxm(t:;n Unit
value
Electrostatic discharge .
Ta = +25 °C conforming to
Vesp(Hem) | voltage (human body A?\ISI/ESDA/JEDEC JSg-001 2 2000
model)
Tp=+25 °C conforming to ANSI/ESD S5.3.1, Y
Electrostatic discharge LQFP100/144/176, UFBGA169/176, C3 250
VEsp(cowm) | voltage (charge device TFBGA176 and WLCSP143 packages
model) Ta=+25°C conforming to ANSIESD $5.3.1, | -, 250
LQFP208 package
1. Guaranteed by characterization results.
Static latchup
Two complementary static tests are required on six parts to assess the latchup
performance:
e A supply overvoltage is applied to each power supply pin
e A current injection is applied to each input, output and configurable 1/0 pin
These tests are compliant with EIA/JESD 78A IC latchup standard.
Table 54. Electrical sensitivities
Symbol Parameter Conditions Class
LU Static latch-up class Tp = +105 °C conforming to JESD78A II'level A
1S7 DoclD024030 Rev 10 133/239
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6.3.16

I/0 current injection characteristics

As a general rule, current injection to the I/O pins, due to external voltage below Vgg or
above Vpp (for standard, 3 V-capable 1/O pins) should be avoided during normal product
operation. However, in order to give an indication of the robustness of the microcontroller in
cases when abnormal injection accidentally happens, susceptibility tests are performed on a
sample basis during device characterization.

Functional susceptibilty to I/O current injection

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

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

Negative induced leakage current is caused by negative injection and positive induced
leakage current by positive injection.

The test results are given in Table 55.

Table 55. I/O current injection susceptibilitym

Symbol

Functional susceptibility

Description Unit

Negative Positive
injection injection

liny

Injected current on BOOTO pin -0 NA

Injected current on NRST pin -0 NA

Injected current on PAQ, PA1, PA2, PA3, PAG, PA7, PBO,

PCO, PC1, PC2, PC3, PC4, PC5, PH1, PH2, PH3, PH4, PH5 -0 NA mA

Injected current on TTa pins: PA4 and PAS -0 +5

Injected current on any other FT pin -5 NA

1. NA = not applicable.

Note:

134/239

It is recommended to add a Schottky diode (pin to ground) to analog pins which may
potentially inject negative currents.
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6.3.17 /0 port characteristics
General input/output characteristics
Unless otherwise specified, the parameters given in Table 56: I/O static characteristics are
derived from tests performed under the conditions summarized in Table 17. All 1/Os are
CMOS and TTL compliant.
Table 56. I/O static characteristics
Symbol Parameter Conditions Min Typ Max Unit
) 0.35VD? -0.04
FT, TTa and NRST I/O input 1.7 VeVpp<3.6 V ) ) (7)
low level voltage
0.3Vpp®
Vi 1.75 V<Vpp <3.6 V, - ) ) v
; 40 °C<Tp <105 °C
BOOTO I/O input low level A 0-1VDD+O-1(1)
voltage 1.7 VVpp 3.6V, ) )
0 °C<Tp <105 °C
i 0.45Vpp+0.3(1)
righ lovelvotage® | 17VVopheV (o - -
9 9 0.7Vpp
e v
i i °C<Tp < °
BOOTO I/O input high level A 0-17VDD+0-7(1) i i
voltage 1.7 VVpp 3.6 V,
0 °C<Tp <105 °C
FT, TTa and NRST I/O input o 3) ) )
hysteresis 1.7 VSVDDS3.6 \% 10 /OVDD
v 1.75V<Vpp <3.6 V, — v
HYS 40 °C<Tp <105 °C
BOOTO I/O input hysteresis 0.1 - -
1.7 VSVDD <3.6 V,
0 °C<Tp <105 °C
| I/0 input leakage current () Vss <Vin<Vpp - - + A
u
ko /O FT input leakage current (®) ViN=5V - - 3
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Table 56. 1/0 static characteristics (continued)

Symbol Parameter Conditions Min Typ Max Unit

All pins

except for
PA10/PB12 30 40 50
Weak pull-up | (OTG_FS_ID,
Rpy |equivalent OTG_HS_ID) Vin=Vss

resistor(®)

PA10/PB12
(OTG_FS_ID, 7 10 14
OTG_HS_ID)

kQ

All pins

except for
Weak pull- PA10/PB12 30 40 50
down (OTG_FS_|D,
Rep equivalent OTG_HS_ID) Vin=Vbp

resistor(’) PA10/PB12
(OTG_FS_ID, 7 10 14
OTG_HS_ID)

C|o(8) I/O pin capacitance - - 5 - pF

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

Leakage could be higher than the maximum value, if negative current is injected on adjacent pins, Refer to Table 55: I/O
current injection susceptibility

>

5. To sustain a voltage higher than VDD +0.3 V, the internal pull-up/pull-down resistors must be disabled. Leakage could be
higher than the maximum value, if negative current is injected on adjacent pins.Refer to Table 55: I/O current injection
susceptibility

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

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

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

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 35.

3
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Figure 35. FT I/O input characteristics
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Output driving current

The GPIOs (general purpose input/outputs) can sink or source up to 28 mA, and sink or

source up to 220 mA (with a relaxed Vg, /Von) except PC13, PC14, PC15 and PI8 which
can sink or source up to ¥£3mA. When using the PC13 to PC15 and P18 GPIOs in output

mode, the speed should not exceed 2 MHz with a maximum load of 30 pF.

In the user application, the number of 1/0 pins which can drive current must be limited to
respect the absolute maximum rating specified in Section 6.2. In particular:

e The sum of the currents sourced by all the I/Os on Vpp plus the maximum Run
consumption of the MCU sourced on Vpp cannot exceed the absolute maximum rating
2lypp (see Table 15).

e  The sum of the currents sunk by all the 1/Os on Vgg plus the maximum Run
consumption of the MCU sunk on Vgg cannot exceed the absolute maximum rating
Zlysg (see Table 15).

3
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Output voltage levels

Unless otherwise specified, the parameters given in Table 57 are derived from tests
performed under ambient temperature and Vpp supply voltage conditions summarized in
Table 17. All I/Os are CMOS and TTL compliant.

Table 57. Output voltage characteristics

Symbol Parameter Conditions Min Max | Unit
VOL(1) Output low level voltage for an I/O pin CMOS port(z) - 0.4
3) . ] lio=+8 mA \Y
Von Output high level voltage for an I/O pin | , -, Npp 3.6 V Vpp - 04 -
VoL O Output low level voltage for an I/O pin TTL port(z) - 0.4
I|O =+ 8mA \
VoH ®) Output high level voltage for an I/O pin 2.7V Npp 3.6V 24 -
VOL“) Output low level voltage for an I/O pin lio=+20 mA - 1.34) v
Vou® | Output high level voltage for an I/0 pin | 2.7V <Vpp 3.6 V |vn-1.3#| -
VOL(1) Output low level voltage for an I/O pin lio = +6 mA - 0.44) v
Vou® | Output high level voltage for an I/0 pin | 1.8V <Vpp 8.6V |v-04@4)| -
VOL“) Output low level voltage for an I/O pin lo=+4 mA - 0.4 v

Vou® | Output high level voltage for an I/0 pin | 1.7V <Vpp 3.6V |v-0.40)| -

1. The ljg current sunk by the device must always respect the absolute maximum rating specified in Table 15.
and the sum of |, (/O ports and control pins) must not exceed lygs.

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

The |, current sourced by the device must always respect the absolute maximum rating specified in
Table 15 and the sum of |, (/O ports and control pins) must not exceed ly,pp.

4. Based on characterization data.

Guaranteed by design.
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Input/output AC characteristics

The definition and values of input/output AC characteristics are given in Figure 36 and
Table 58, respectively.

Unless otherwise specified, the parameters given in Table 58 are derived from tests
performed under the ambient temperature and Vpp supply voltage conditions summarized
in Table 17.

Table 58. 1/0 AC characteristics(1(2)

OSPEEDRy
[1:0] bit Symbol Parameter Conditions Min | Typ | Max | Unit
value(!
C_=50pF, Vppz 2.7V - - 4
C_=50pF, Vpp21.7V - - 2
fmax(i0)out | Maximum frequency(®) C_.=10pF, Vpp227V - - 8 MHz
00 CL=1O pF,VDDZ1.8V - - 4
CL=10pF,VDDZ1.7V - - 3
Output high to low level fall _ _
tt‘c('o)"”t/ time and output low to high g'é_\/SO PR Vpp=1.7Vio| - 100 | ns
r(I0)out  |level rise time '
C_=50pF, Vpp=2.7V - - 25
C_=50pF, Vppz 1.8V - - 125
C_=50pF, Vppz 1.7V - - 10
fmax(oyout |Maximum frequency(®) L op MHz
C|_= 10 pF, VDD22.7V - - 50
01 CL =10 pF, VDDZ 1.8V - - 20
C_=10pF, Vpp= 1.7V - - 12.5
C_ =50pF, Vpp22.7V - - 10
Output high to low level fall C =10 pF, Vpp22.7V - - 6
tt‘c('o)"”t/ time and output low to high = Bo ns
rI0)out  ||evel rise time C_=50pF, Vpp21.7V - - 20
C|_=10pF,VDDZ1.7V - - 10
C_=40pF, Vppz 2.7V - - | 504
C_L=10pF, Vpp22.7V - - | 100®
fmax(oyout |Maximum frequency(®) C_=40pF, Vpp21.7V - - 25 | MHz
C_ =10pF, Vpp218V - - 50
10 C_ =10pF, Vpp21.7V - - 425
CL =40 pF, VDD 227V - - 6
Output high to low level fall |, =10 pF, Vpp22.7V - - 4
ttf('o)m‘t/ time and output low to high L Bo ns
r(I0)out  ||evel rise time C_L=40pF, Vppz1.7V - - 10
C . =10pF, Vpp21.7V - - 6
IS73 DoclD024030 Rev 10 139/239




Electrical characteristics STM32F427xx STM32F429xx

Table 58. I/0 AC characteristics(!)(2) (continued)

OSPEEDRy
[1:0] bit Symbol Parameter Conditions Min | Typ Max | Unit
value(?
CL=30pF, Vpp22.7V - - | 100@
C_=30pF, Vppz218V - - 50
; Mani ; 3) C_=30pF, Vpp21.7V - - 425 MH
aximum frequency z
max(OJout CL=10pF Vppz27V | - | - |180@
C_=10pF, Vpp218V - - 100
11 C|_=10 pF, VDDZ1.7V - - 72.5
C_ =30pF, Vpp227V - - 4
C_=30pF, Vpp21.8V - - 6
Output high to low level fall |, =30 pF, Vpp 21.7 V - - 7
ttf('o)"Ut/ time and output low to high = bo ns
rI0)out  ||evel rise time C =10 pF, Vpp22.7V - - 2.5
C_=10pF, Vpp21.8V - - 3.5
C_=10pF, Vpp21.7V - - 4
Pulse width of external signals
- tEXTIpw |detected by the EXTI - 10 - - ns
controller

1. Guaranteed by design.

2. The I/O speed is configured using the OSPEEDRY][1:0] bits. Refer to the STM32F4xx reference manual for a description of
the GPIOx_SPEEDR GPIO port output speed register.

The maximum frequency is defined in Figure 36.

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

Figure 36. /0 AC characteristics definition

| 1
EXTERNAL tiojout  ~e——— > to)out |
OUTPUT I I
ONCL < T g

Maximum frequency is achieved if (t, + t¢) < (2/3)T and if the duty cycle is (45-55%)
when loaded by CL specified in the table “ I/O AC characteristics”.

ai14131d
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6.3.18 NRST pin characteristics

The NRST pin input driver uses CMOS technology. It is connected to a permanent pull-up
resistor, Rpy (see Table 56: I/O static characteristics).

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

in Table 17.
Table 59. NRST pin characteristics
Symbol Parameter Conditions Min Typ Max Unit
Rpy Weak pull-up equivalent resistor(!) Vin=Vss 30 40 50 kQ
VF(NRST)(z) NRST Input filtered pulse - - 100 ns
VnenrsT)?) | NRST Input not filtered pulse Vpp > 2.7V 300 - - ns
TnrsT out | Generated reset pulse duration Internal Reset source 20 - - us

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

2. Guaranteed by design.

Figure 37. Recommended NRST pin protection

VDD
External

reset circuit (1)
ST T e X NRST(2) RPU Internal Reset

[ Filter |——
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~ -

01uF

STM32F

ai14132c

The reset network protects the device against parasitic resets.
The external capacitor must be placed as close as possible to the device.

The user must ensure that the level on the NRST pin can go below the V) (yrsT) max level specified in
Table 59. Otherwise the reset is not taken into account by the device.

3
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6.3.19

6.3.20

142/239

TIM timer characteristics

The parameters given in Table 60 are guaranteed by design.

Refer to Section 6.3.17: 1/O port characteristics for details on the input/output alternate
function characteristics (output compare, input capture, external clock, PWM output).

Table 60. TIMx characteristics(1(2)

Symbol Parameter Conditions(® Min Max Unit

AHB/APBx prescaler=1

or 2 or 4, fryxcLk = 1 - triMxcLk
tresrivy | Timer resolution time 180 MHz

AHB/APBX prescaler>4, 1 i ¢

frimxcLk = 90 MHz TIMCCLK

Timer external clock
f f /2
EXT frequency on CH1to CH4 | ¢ - =180 MHz 0 TIMXCLK MHz

Restim Timer resolution - 16/32 bit
t Maximum possible count ) 65536 x t
MAX_COUNT |\yith 32-bit counter 65536 TIMXCLK

1. TIMx is used as a general term to refer to the TIM1 to TIM12 timers.
2. Guaranteed by design.

3. The maximum timer frequency on APB1 or APB2 is up to 180 MHz, by setting the TIMPRE bit in the
RCC_DCKCFGR register, if APBx prescaler is 1 or 2 or 4, then TIMxCLK = HCKL, otherwise TIMxCLK =
4x PCLKXx.

Communications interfaces

I2C interface characteristics

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

e  Standard-mode (Sm): with a bit rate up to 100 kbit/s
e Fast-mode (Fm): with a bit rate up to 400 kbit/s.

The I°C timings requirements are guaranteed by design when the 12C peripheral is properly
configured (refer to RM0090 reference manual).

The SDA and SCL /O requirements are met with the following restrictions: the SDA and
SCL /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. Refer to

Section 6.3.17: I/O port characteristics for more details on the I2C 1/O characteristics.

All 1>C SDA and SCL I/0s embed an analog filter. Refer to the table below for the analog
filter characteristics:

3
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Table 61. 12C analog filter characteristics(!)

Symbol Parameter Min Max Unit
Maximum pulse width of spikes that @) 3)
taF are suppressed by the analog filter 50 260 ns

1. Guaranteed by design.
Spikes with widths below tar(min) are filtered.

Spikes with widths above tar(may) are not filtered

SPI interface characteristics

Unless otherwise specified, the parameters given in Table 62 for the SPI interface are
derived from tests performed under the ambient temperature, fpc| kx frequency and Vpp
supply voltage conditions summarized in Table 17, 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: 0.5Vpp

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).

Table 62. SPI dynamic characteristics(!)

Symbol Parameter Conditions Min Typ Max Unit
Master mode, SPI1/4/5/6, 45
2.7 VVpps<3.6 V
Slave mode, Receiver - - 45
f SPI1/4/5/6, Transmitter/ 38(2)
1/tSCK SPI clock frequency 2.7V=Vpps3.6 V full-duplex MHz
¢(SCK)
Master mode, SPI1/2/3/4/5/6, 205
1.7 V£Vpp<3.6 V ’
Slave mode, SPI1/2/3/4/5/6, 225
1.7 V£Vpp<3.6 V ’
Duty(scK) | PUY °¥$§u°;ni5' clock | sjave mode 30 50 70 | %
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Table 62. SPI dynamic characteristics( (continued)

Symbol Parameter Conditions Min Typ Max Unit
Master mode, SPI presc = 2,
tw(SCKH) 2.7 V<Vpp<3.6 V P Teeik=0.5] Tecik | Teek*0.5
SCK high and low time " o SPI 5
aster mode, presc = 2, _
tw(sckL) 1.7 VSVpps3.6 V Tecik =2 | Tpek | Tperk*2
tsuNss) NSS setup time Slave mode, SPI presc = 2 4TpcLk
th(nss) NSS hold time Slave mode, SPI presc = 2 2Tpcik
t Master mode 3 - -
suMb Data input setup time
tsu(s)) Slave mode 0 - - ns
thoviny Master mode 0.5 - -
Data input hold time
th(sl) Slave mode 2 - -
taiso) Data output access time | Slave mode, SPI presc = 2 0 - 4TpcLk
Slave mode, SPI11/4/5/6, 0 ) 85
. . 2.7 V£Vpp<3.6 V )
tais(so) Data output disable time
Slave mode, SPI1/2/3/4/5/6 and 0 ) 165
1.7 V=Vpp<3.6 V ’
Slave mode (after enable edge), ) 1 13
SPI1/4/5/6 and 2.7V £ Vpp < 3.6V
Slave mode (after enable edge), ) 14 15
ty(s0) Data output valid/hold | SP12/3, 2.7 V<Vpp<3.6 V
thso) time Slave mode (after enable edge), i 155 19
SPI1/4/5/6, 1.7 VVpp<3.6 V '
Slave mode (after enable edge), ) ns
SPI2/3, 1.7 VVpp<3.6 V 155 7.5
Master mode (after enable edge), ) ) 25
SPI1/4/5/6, 2.7 V<Vpp<3.6 V ’
tymo) Data output valid time
Master mode (after enable edge), ) ) 45
SPI1/2/3/4/5/6, 1.7 V<Vpp<3.6 V ’
thmo) Data output hold time | Master mode (after enable edge) 0 - -

Guaranteed by characterization results.

2. Maximum frequency in Slave transmitter mode is determined by the sum of t,5o) and tg, ;) which has to fit into SCK low or
high phase preceding the SCK sampling edge. This value can be achieved when the SPi communicates with a master
having ts, i) = 0 while Duty(SCK) = 50%

3
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Figure 38. SPI timing diagram - slave mode and CPHA =0
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Figure 39. SPI timing diagram - slave mode and CPHA =1
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Figure 40. SPI timing diagram - master mode
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I2S interface characteristics

Unless otherwise specified, the parameters given in Table 63 for the 1S interface are
derived from tests performed under the ambient temperature, fpc| kx frequency and Vpp
supply voltage conditions summarized in Table 17, with the following configuration:

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

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

Table 63. I2S dynamic characteristics(!)

Symbol Parameter Conditions Min Max Unit
fack 12S Main clock output - 256x8K | 256xFs®) | MHz
Master data: 32 bits - 64xFs
fek 12S clock frequency MHz
Slave data: 32 bits - 64xFs
Dck 12S clock frequency duty cycle | Slave receiver 30 70 %
tyws) WS valid time Master mode 0 6
thows) WS hold time Master mode 0 -
tsuws) WS setup time Slave mode 1 -
thws) WS hold time Slave mode 0 -
tsusD MR Master receiver 7.5 -
Su(SD_MR) Data input setup time
tsu(sb_sRr) Slave receiver 2 -
1! Master receiver 0 - ns
h(SD_MR) Data input hold time
th(sb_sR) Slave receiver 0 -
t
V(SD_ST) Slave transmitter (after enable edge) - 27
thsp_sT) Data output valid time
tysp_mT) Master transmitter (after enable edge) - 20
thsp_mm) | Data output hold time Master transmitter (after enable edge) 25 i

1. Guaranteed by characterization results.

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

Note:
frequency (Fg).

Refer to the 12S section of RM0090 reference manual for more details on the sampling

fvck fox, and Dy values reflect only the digital peripheral behavior. The values of these
parameters might be slightly impacted by the source clock precision. Dcy depends mainly
on the value of ODD bit. The digital contribution leads to a minimum value of
(12SDIV/(2*12SDIV+0DD) and a maximum value of (I2SDIV+0ODD)/(2*12SDIV+0DD). Fg
maximum value is supported for each mode/condition.

3
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Figure 41. I?S slave timing diagram (Philips protocol)(!)
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1. .LSB transmit/receive of the previously transmitted byte. No LSB transmit/receive is sent before the first

byte.

Figure 42. IS master timing diagram (Philips protocol)(")
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LSB transmit/receive of the previously transmitted byte. No LSB transmit/receive is sent before the first
byte.
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SAIl characteristics

Unless otherwise specified, the parameters given in Table 64 for SAl are derived from tests
performed under the ambient temperature, fpc| kx frequency and VDD supply voltage
conditions summarized in Table 17, with the following configuration:

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

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

Table 64. SAI characteristics("

Symbol Parameter Conditions Min Max Unit
facKL SAI Main clock output - 256 x 8K | 256xFs(?) MHz
Master data: 32 bits - 64xFs
Fsck SAI clock frequency MHz
Slave data: 32 bits - 64xFs
Dsck SAl clock frequency duty Slave receiver 30 70 %
cycle
ty(Fs) FS valid time Master mode 8 22
tsu(Fs) FS setup time Slave mode 2 -
s Master mode 8 -
{ FS hold time
h(Fs) Slave mode 0 -
tsusb MR Master receiver 5 -
su(SD_MR) Data input setup time
tsu(sb_sRr) Slave receiver 3 -
t Master receiver 0 - ns
h(SD_MR) Data input hold time
th(sp_sRr) Slave receiver 0 -
tv(SD_ST) Slave transmitter (after enable _ 22
t edge)
h(SD_ST) Data output valid time
¢ Master transmitter (after enable 20
v(SD_MT) edge) -
. Master transmitter (after enable
thsp_mT) Data output hold time edge) 8 -
1. Guaranteed by characterization results.
2. 256xFs maximum corresponds to 45 MHz (APB2 xaximum frequency)
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Figure 43. SAl master timing waveforms
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Figure 44. SAl slave timing waveforms
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USB OTG full speed (FS) characteristics
This interface is present in both the USB OTG HS and USB OTG FS controllers.

Table 65. USB OTG full speed startup time

Symbol Parameter Max Unit

tstartup'" USB OTG full speed transceiver startup time 1 bs

1. Guaranteed by design.

Table 66. USB OTG full speed DC electrical characteristics

Symbol Parameter Conditions Min.( | Typ. | Max.(") | Unit
USB OTG full speed
Vpp |transceiver operating 3.0 | - 3.6 \
voltage
3) | ni - e I(USB_FS_DP/DM, ) )
Input | Vor~’ | Differential input sensitivity USB_HS_DP/DM) 0.2
levels . -
VCM(3) Differential common mode Includes Vp, range 0.8 - 25 V
range
3) | Single ended receiver )
VsE™ | threshold 13 2.0
Output| VoL |Static output level low R of 1.5kQto 3.6 VW | - ol LI Y
levels | v, |static output level high R of 15 kQto Vgs™® | 28 | - | 36
PA11, PA12, PB14, PB15
(USB_FS_DP/DM, 17 21 24
USB_HS_DP/DM)
R ViN=V
i PA9, PB13 e
(OTG_FS_VBUS, 065 | 1.1 2.0
OTG_HS_VBUS) KQ
PA12, PB15 (USB_FS_DP, _
USB_HS_DP) VN = Vss 15 | 1.8 | 21
Rpu PA9, PB13
(OTG_FS_VBUS, VN = Vss 0.25 |0.37| 0.55
OTG_HS_VBUS)

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

2. The USB OTG full speed transceiver functionality is ensured down to 2.7 V but not the full USB full speed
electrical characteristics which are degraded in the 2.7-to-3.0 V Vpp voltage range.

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

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

3

DoclD024030 Rev 10 151/239




Electrical characteristics STM32F427xx STM32F429xx

152/239

Figure 45. USB OTG full speed timings: definition of data signal rise and fall time

Cross over
points
Differential
data lines / ‘\
I
e X X X
[}
Vss 1] 1
tr Br—r tr pr—le
ai14137b
Table 67. USB OTG full speed electrical characteristics(")
Driver characteristics
Symbol Parameter Conditions Min Max Unit
t, Rise time(?) C_ =50 pF 4 20 ns
te Fall time(@ C_ =50 pF 4 20 ns
trfm Rise/ fall time matching o/t 90 110 %
Vcrs | Output signal crossover voltage 1.3 2.0 \Y
Zpry | Output driver impedance(®) Dnvml%\:]/lgh or 28 44 Q

Guaranteed by design.

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

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

USB high speed (HS) characteristics

Unless otherwise specified, the parameters given in Table 70 for ULPI are derived from
tests performed under the ambient temperature, fyc| k frequency summarized in Table 69
and Vpp supply voltage conditions summarized in Table 68, with the following configuration:

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

Refer to Section 6.3.17: 1/O port characteristics for more details on the input/output
characteristics.
Table 68. USB HS DC electrical characteristics

Symbol Parameter Min.(") Max.(") Unit

Input level Vop USB OTG HS operating voltage 1.7 3.6 \%

1. All the voltages are measured from the local ground potential.
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Table 69. USB HS clock timing parameters(”

Symbol Parameter Min Typ Max | Unit

B e o e Properoperationof | g0 | .- | MHz

FsTarT sair | Frequency (first transition)  [8-bit £10% 54 60 % | Mha

FsteADY Frequency (steady state) £500 ppm 59 97 60 50.03 | MHz
DstarT sBiT | Duty cycle (first transition) | 8-bit +10% 40 50 60 %
DsteADY Duty cycle (steady state) £500 ppm 49.975 50 50.025 | %

Time to reach the steady state frequency and

IsTEADY duty cycle after the first transition ) ) 14 ms

{START DEV Clock startup time after the Peripheral - - 5.6
de-assertion of SuspendM Host

ms

tsTART HOST

PHY preparation time after the first transition

tPREP of the input clock ) ) ) Hs

1. Guaranteed by design.

Figure 46. ULPI timing diagram
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Table 70. Dynamic characteristics: USB ULPI(")

Symbol Parameter Conditions Min. | Typ. | Max. |Unit
tsc Control in (ULPI_DIR, ULPI_NXT) setup time 2 - -
the Control in (ULPI_DIR, ULPI_NXT) hold time 0.5 - -
tsp Data in setup time 1.5 - -
tHp Data in hold time 2 - -
27V <Vpp<36YV,
C_=15pF and - 9 9.5
OSPEEDRYy[1:0] = 11 ns
27V <Vpp<3.6YV,
tpc/top | Data/control output delay C_ =20 pF and -
OSPEEDRYy[1:0] = 10
12 15
1.7V <Vpp<3.6YV,
C_=15pF and -
OSPEEDRYy[1:0] = 11

1. Guaranteed by characterization results.
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3

Ethernet characteristics

Unless otherwise specified, the parameters given in Table 71, Table 72 and Table 73 for
SMI, RMII and Ml are derived from tests performed under the ambient temperature, fic «
frequency summarized in Table 17 with the following configuration:

e  Output speed is set to OSPEEDRYy[1:0] = 10

e  Capacitive load C = 30 pF for 2.7V <Vpp <3.6 V

e Capacitive load C = 20 pF for 1.71V <Vpp <3.6 V

e  Measurement points are done at CMOS levels: 0.5Vpp.

Refer to Section 6.3.17: 1/O port characteristics for more details on the input/output
characteristics.

Table 71 gives the list of Ethernet MAC signals for the SMI (station management interface)
and Figure 47 shows the corresponding timing diagram.

Figure 47. Ethernet SMI timing diagram

tMDC———————»p]

ETH_MDC

N
X

tsu(MDIO) th(MDIO)
ETH_MDIO(l) ; 1

td(MDIO)

ETH_MDIO(O)

MS31384V1

Table 71. Dynamics characteristics: Ethernet MAC signals for SMI(")

Symbol Parameter Min Typ Max Unit
tMbe MDC cycle time(2.38 MHz) 411 420 425

Tympioy | Write data valid time 6 10 13 o

tsumpio) | Read data setup time 12 - -

thvpio) | Read data hold time 0 - -

1. Guaranteed by characterization results.
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Table 72 gives the list of Ethernet MAC signals for the RMII and Figure 48 shows the
corresponding timing diagram.

Figure 48. Ethernet RMII timing diagram

RMII_REF_CLK
t4(TXEN)
“—t4(TxD)

RMII_TX_EN
RMII_TXD[1:0] ><

tsu(RXD) tin(RXD)

tsu(CRS) tin(CRS)
RMII_RXDI[1:0]
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Table 72. Dynamics characteristics: Ethernet MAC signals for RMII(")

Symbol Parameter Condition Min Typ Max Unit
tsurxp) | Receive data setup time 1.5 - -
t Receive data hold time 0 - -
h(RXD) 1.71V < Vpp < 3.6 V
tsucrs) | Carrier sense setup time 1 - -
tincrs) | Carrier sense hold time 1 - -
ns
i Transmit enable valid delay 27V <Vpp<36V 8 10.5 12
(TXEN) " time 171V < Vpp <36 V 8 10.5 14
27V<Vpp<36V 8 1 12.5
tyrxp) | Transmit data valid delay time
1.71V <Vpp <36V 8 1" 14.5

1. Guaranteed by characterization results.

Table 73 gives the list of Ethernet MAC signals for MIl and Figure 48 shows the
corresponding timing diagram.
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Figure 49. Ethernet MIl timing diagram
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Table 73. Dynamics characteristics: Ethernet MAC signals for Mil(")

Symbol Parameter Condition Min Typ Max Unit
tsurRxp) | Receive data setup time 9 - -
tinrxp) | Receive data hold time 10 - -
t Data valid setup time 9 - -
su®Y) 171V < Vpp <36 V
tih(DV) Data valid hold time 8 - -
tsuer) | Error setup time 6 - -
ns
tiner) | Error hold time 8 - -
27V<Vpp<36V 8 10 14
tyrxen) | Transmit enable valid delay time
171V <Vpp <36V 8 10 16
27V<Vpp<36V 7.5 10 15
tyxpy | Transmit data valid delay time
171V <Vpp <36V 7.5 10 17

1. Guaranteed by characterization results.

3

CAN (controller area network) interface

Refer to Section 6.3.17: /O port characteristics for more details on the input/output alternate
function characteristics (CANx_TX and CANx_RX).
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6.3.21 12-bit ADC characteristics

Unless otherwise specified, the parameters given in Table 74 are derived from tests
performed under the ambient temperature, fpc| k2 frequency and Vppp supply voltage
conditions summarized in Table 17.

Table 74. ADC characteristics

Symbol Parameter Conditions Min Typ Max Unit
Vppa | Power supply 1.7() - 3.6
- Vopa = VRer+ < 1.2V @)
Vrer+ | Positive reference voltage 1.7 - Vppa V
Vger- | Negative reference voltage - - 0 -
Vppa = 1.7Mt0 2.4V 0.6 15 18 MHz
fanc | ADC clock frequency
Vppa=24103.6V 0.6 30 36 MHz
fanc = 30 MHz, - - 1764 | kHz
frric® | External trigger frequency 12-bit resolution
- - 17 1fapc
0
VaIN Conversion voltage range(®) (Vssa O VREE- - VREF+ Vv

tied to ground)

See Equation 1 for

) i i - -
RAIN External input impedance details 50 kQ
Rapc®?™ | Sampling switch resistance 15 - 6 kQ
(2) |Internal sample and hold )
Canc capacitor 4 / PF
(@ |Injection trigger conversion fapc =30 MHz - - 0.100 Hs
lat latency - - 30 | 1ffape
i (@ |Regular trigger conversion fapc = 30 MHz - - 0.067 us
latr latency - - 20) | 1ffape
f =30 MHz 0.100 - 16 us
ts® | Sampling time ADC
3 - 480 1fapc
tSTAB(z) Power-up time - 2 3 us
fADC =30 MHz
0.50 - 16.40
12-bit resolution Hs
fADC =30 MHz
0.43 - 16.34
10-bit resolution Hs
Total conversion time (including f =30 MHz
tconv® o ADC 0.37 - 16.27
CONV sampling time) 8-bit resolution Hs
fADC =30 MHz
0.30 - 16.20
6-bit resolution Hs
9 to 492 (tg for sampling +n-bit resolution for successive
s 1fanc
approximation)
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Table 74. ADC characteristics (continued)

Symbol Parameter Conditions Min Typ Max Unit
12-bit resolution
- - 2 M
Single ADC Sps
Sampling rate 12-bit resolution
fs@ (fapc = 30 MHz, and Interleavmeo(?:al ADC - - 3.75 Msps
ts = 3 ADC cycles)
12-bit resolution
Interleave Triple ADC - - 6 Msps
mode
ADC VRgg DC current
IVREF+(2) consumption in conversion - 300 500 MA
mode
ADC Vppp DC current
IVDDA(z) consumption in conversion - 1.6 1.8 mA
mode

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

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

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

o M Db

For external triggers, a delay of 1/fpc| k2 must be added to the latency specified in Table 74.

Equation 1: Ry max formula
k-0.5
Ran = ( ) N+D - Raoc
fapc X Capcx IN(2° )

The formula above (Equation 1) is used to determine the maximum external impedance
allowed for an error below 1/4 of LSB. N = 12 (from 12-bit resolution) and k is the number of
sampling periods defined in the ADC_SMPR1 register.

Table 75. ADC static accuracy at fapc = 18 MHz

Symbol Parameter Test conditions Typ Max(1) Unit
ET Total unadjusted error +3 4
f =18 MHz
EO Offset error ADC 12 +3
VDDA =17t036V LSB
EG Gain error Vrer=1.7t03.6V +1 3
ED |Differential linearity error Vopba~ VRer < 1.2V +1 +2
EL Integral linearity error +2 +3
1. Guaranteed by characterization results.
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Table 76. ADC static accuracy at fopc = 30 MHz

Symbol Parameter Test conditions Typ Max(1) Unit
ET Total unadjusted error 12 5
fADC =30 MHZ, + +
EO Offset error Ran < 10 kQ 1.5 2.5
EG Gain error Vppa=24103.6V, +1.5 *3 LSB
. . . . VREF =171t03.6 V,
ED Differential linearity error 11 12
Y Vopa~ VRer< 1.2V
EL Integral linearity error 1.5 +3

1. Guaranteed by characterization results.

Table 77. ADC static accuracy at fopc = 36 MHz

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

VDDA =241t03.6 V,

i LSB
EG Gain error Vrer = 1.7103.6V *3 +6
ED Differential linearity error Vopa~ VRep< 1.2V 12 13
EL Integral linearity error +3 6

1. Guaranteed by characterization results.

Table 78. ADC dynamic accuracy at fapc = 18 MHz - limited test conditions(")

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

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

1. Guaranteed by characterization results.

Table 79. ADC dynamic accuracy at fopc = 36 MHz - limited test conditions(!)

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

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

1. Guaranteed by characterization results.
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Note: ADC accuracy vs. negative injection current: injecting a negative current on any analog
input pins should be avoided as this significantly reduces the accuracy of the conversion
being performed on another analog input. It is recommended to add a Schottky diode (pin to
ground) to analog pins which may potentially inject negative currents.

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

Figure 50. ADC accuracy characteristics
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See also Table 76.

Example of an actual transfer curve.
Ideal transfer curve.

End point correlation line.

o K 0N =

E1 = 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.
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Figure 51. Typical connection diagram using the ADC

VoD STM32F
vV Sample and hold ADC
0 gv converter
RAIN(1) AINX RADC(1) 12-bi
r -bit
S L converter
(1) = s =
0.6V
parasitic 1 o Capc(1)
L= .

ai17534

Refer to Table 74 for the values of Ryn, Rapc @and Capc-

Cparasitic represents the capacitance of the PCB (dependent on soldering and PCB layout quality) plus the
pad capacitance (roughly 5 pF). A high Cp,pasitic value downgrades conversion accuracy. To remedy this,

fapc should be reduced.
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General PCB design guidelines

Power supply decoupling should be performed as shown in Figure 52 or Figure 53,
depending on whether Vrgg. is connected to Vppa or not. The 10 nF capacitors should be
ceramic (good quality). They should be placed them as close as possible to the chip.

Figure 52. Power supply and reference decoupling (Vgrgg+ not connected to Vppa)

STM32F

® ; [:l Vrer+ (!
1
1
1
1
1
1
1
1
——— 1
1TuF//10nF 1
1

—.—[:l VDDA
1uF//10nF —_
L @ [:l VssaVrer- !
ai17535b

1. Vger+ and Vgep_ inputs are both available on UFBGA176. Vggg. is also available on LQFP100, LQFP 144,
and LQFP176. When Vggg, and Vrgp_ are not available, they are internally connected to Vppa and Vgga.

3
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Figure 53. Power supply and reference decoupling (Vrgg+ connected to Vppa)
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1. VRer+ and Vgeg_inputs are both available on UFBGA176. Vggg. is also available on LQFP100, LQFP 144,
and LQFP176. When Vg, and Vggg_ are not available, they are internally connected to Vppa and Vgga.

6.3.22 Temperature sensor characteristics

Table 80. Temperature sensor characteristics

Symbol Parameter Min | Typ | Max Unit
TL(1) Vsense linearity with temperature - + 2 °C
Avg_SIopem Average slope - 2.5 mV/°C
Vos(M) Voltage at 25 °C - 076 %
tsTarT® | Startup time - 6 10 us
Ts temp® |ADC sampling time when reading the temperature (1 °C accuracy) | 10 - - us

1. Guaranteed by characterization results.

2. Guaranteed by design.

Table 81. Temperature sensor calibration values

Symbol Parameter Memory address

TS_CAL1 | TS ADC raw data acquired at temperature of 30 °C, Vppa=3.3V |Ox1FFF 7A2C - Ox1FFF 7A2D
TS_CAL2 |TS ADC raw data acquired at temperature of 110 °C, Vppa= 3.3V | OX1FFF 7A2E - Ox1FFF 7A2F

3

164/239 DoclD024030 Rev 10




STM32F427xx STM32F429xx

Electrical characteristics

6.3.23 Vgar monitoring characteristics
Table 82. Vgar monitoring characteristics
Symbol Parameter Min Typ Max Unit
R Resistor bridge for Vgar - 50 - KQ
Q Ratio on Vgar measurement - 4 -
Er(") Error on Q -1 - +1 %
2)2) ADC sampling time when reading the Vgat ) )
Ts_voat 1 mV accuracy 5 HS
1. Guaranteed by design.
2. Shortest sampling time can be determined in the application by multiple iterations.
6.3.24 Reference voltage
The parameters given in Table 83 are derived from tests performed under ambient
temperature and Vpp supply voltage conditions summarized in Table 17.
Table 83. internal reference voltage
Symbol Parameter Conditions Min | Typ | Max Unit
Vrerint | Internal reference voltage —40°C<Tp<+105°C | 118 | 1.21 | 1.24 \
T (1) |ADC sampling time when reading the 10 ) ) s
S_vrefint | internal reference voltage M
) | Internal reference voltage spread over the : )
VRERINT_s temperature range Vop =3V £10mV 3 5 mv
Teoeft?) | Temperature coefficient - 30 50 |ppm/°C
tSTART(Z) Startup time - 6 10 us

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

2. Guaranteed by design, not tested in production

Table 84. Internal reference voltage calibration values

Symbol

Parameter

Memory address

VREFIN_CAL

Raw data acquired at temperature of 30 °C yppap =3.3 V

Ox1FFF 7A2A - Ox1FFF 7A2B

3
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6.3.25 DAC electrical characteristics
Table 85. DAC characteristics
Symbol Parameter Conditions Min | Typ | Max |Unit Comments
Vppa |Analog supply voltage - 1.7 - 36 | V |-
Reference suppl
VREF+ |\oltage PP - 1.70] - | 36 | V |Vrer+ YVppa
VSSA Ground - 0 - 0 VvV |-
RiLoap
connected 5 - - -
5 L DAC output |10 Vssa
RLOAD( )|Resistive load buffer ON kQ
RLoap
connected 25 -
to VDDA
When the buffer is OFF, the
Impedance outout with Minimum resistive load
Ro®@ |/MP P - - | - | 15 | kQ |between DAC_OUT and Vgg
buffer OFF o -
to have a 1% accuracy is
1.5 MQ
Maximum capacitive load at
CLoap? |Capacitive load - - - | 50 | pF |DAC_OUT pin (when the
buffer is ON).
DAU(EI'_O Lower DAC_OUT ] oz | - oy It gives the maximum output
"~ (2) |voltage with buffer ON : excursion of the DAC.
min It corresponds to 12-bit input
DAC O code (Ox0OEOQ) to (OxF1C) at
UT Higher DAC_OUT ) ) _ | Vopa v |VRer+ = 3.6 Vand (0x1C7) to
max(@ voltage with buffer ON -0.2 (OXE38) at Vrgps = 1.7V
DAC_O |Lower DAC_OUT
UT |voltage with buffer - - 0.5 - mV
(2
min® | OFF It gives the maximum output
DAC_O |Higher DAC_OUT VREF+ excursion of the DAC.
UT |voltage with buffer - - - - \%
max(?) |OFF 1LSB
With no load, worst code
) - 170! 240 (0x800) at VRgg+ = 3.6.V in
DAC DC Vggr current terms of DC consumption on
| (4)|consumption in uA the inputs
VREF ;
' |quiescent mode With no load, worst code
(Standby mOde) ) } 50 75 (OXF1C) at VREF+ =3.6Vin

terms of DC consumption on
the inputs
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Table 85. DAC characteristics (continued)

Symbol Parameter Conditions Min | Typ | Max |Unit Comments
With no load, middle code
- | 280 380 | BA T 6,800) on the inputs
DAC DC VDDA
|DDA(4) current Consumption in With no Ioad, worst code
quiescent mode(®) - | 475/ 625 | pa |(OXF1C) at VRer, = 3.6 Vin
terms of DC consumption on
the inputs
Differential non Given for the DAC in 10-bit
linearity Difference - - | #0-5 |LSB| o niguration.
DNL®) |between two
consecutive code- i i 2 |LsB Given for the DAC in 12-bit
1LSB) - configuration.
Integral non linearity ) ) +1 |LsB Given for the DAC in 10-bit
(difference between - configuration.
measured value at
INL® |Code i and the value
at Code i on a line ) ) +4 |LsB Givgn for ’Fhe DAC in 12-bit
drawn between Code - configuration.
0 and last Code 1023)
Given for the DAC in 12-bit
Offset error ) - | F10 ) mY configuration
difference between . . -
Offset® §neasured value at ) ) +3 |LSB \C/-]lven f£)r3tréeVDAC in 10-bit at
Code (0x800) and the REF+ ~
ideal value = VRgg+/2) ) - | +12 |LsB Given for the DAC in 12-bit at
- VREF+ =36V
Gai&) Gain error ) - l+05]| % Givgn for ’Fhe DAC in 12-bit
error configuration
Settling time (full
scale: for a 10-bit input
code transition
tSETT&IN between the lowest . 3 6 s CLOAD <50 pF,
G(4 and the highest input H RLoap = 5 kQ
codes when
DAC_OUT reaches
final value +4L.SB
Total Harmonic
THD®) |Distortion - - - | dB gLOAD§550kF;2F|
Buffer ON LOAD =
Max frequency for a
correct DAC_OUT
Update |change when small ) _ 1 MS/|CLoap <50 pF,
rate® |variation in the input s |RLoap =5 kQ
code (from code i to
i+1LSB)

3
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Table 85. DAC characteristics (continued)

Symbol Parameter Conditions Min | Typ | Max |Unit Comments
( Wakeup time from off CLoap <50 pF, R oap = 5 kQ
tWAlﬁFUP state (Settlng the ENx _ _ 6.5 10 s |i deb | d
bit in the DAC Control ' H ':,pﬁt code ?E’l"ee” owestan
register) ighest possible ones.
PSRR+ Power supply rejection

)

ratio (tO VDDA) (static - - —67 | —40 | dB [No RLOADv CLOAD =50 pF
DC measurement)

Vppa minimum value of 1.7 V is obtained with the use of an external power supply supervisor (refer to Section 3.17.2:

Internal reset OFF).

Guaranteed by design.

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

Guaranteed by characterization.

Figure 54. 12-bit buffered /non-buffered DAC

Buffered/non-buffered DAC

Buffer ("
T RLoAD
12-bit _/\/\/\/\,_
digital to I | |bacx out
analog y
I I | 1
converter 1 1
| | CLoAD

ai17157a

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.

168/239
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6.3.26

3

FMC characteristics

Unless otherwise specified, the parameters given in Table 86 to Table 101 for the FMC
interface are derived from tests performed under the ambient temperature, fyc|  frequency
and Vpp supply voltage conditions summarized in Table 17, with the following configuration:

e  Output speed is set to OSPEEDRYy[1:0] = 10 except at Vpp range 1.7 to 2.1V where
OSPEEDRy[1:0] = 11

¢  Measurement points are done at CMOS levels: 0.5Vpp

Refer to Section 6.3.17: I/0O port characteristics for more details on the input/output
characteristics.

Asynchronous waveforms and timings

Figure 55 through Figure 58 represent asynchronous waveforms and Table 86 through
Table 93 provide the corresponding timings. The results shown in these tables are obtained
with the following FMC configuration:

e  AddressSetupTime = 0x1

e  AddressHoldTime = 0x1

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

e  For SDRAM memories, Vpp ranges from 2.7 to 3.6 V and maximum frequency
FMC_SDCLK =90 MHz

e  For Mobile LPSDR SDRAM memories, Vpp ranges from 1.7 to 1.95 V and maximum
frequency FMC_SDCLK = 84 MHz

DoclD024030 Rev 10 169/239




Electrical characteristics STM32F427xx STM32F429xx

Figure 55. Asynchronous non-multiplexed SRAM/PSRAM/NOR read waveforms
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FMC_NBL[1:0] _T ’y—
th(Data_NE)
le———tsu(Data_NOE)—> th(Data_NOE)
e——1tsy(Data NE) ——1
FMC_D[15:0] Data X
>« ty(NADV_NE)
tw(NADV)
FMC_NADV (1)
FMC_NWAIT
&—th(NE_NWAIT) —
tsu(NWAIT_NE) — |
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1. Mode 2/B, C and D only. In Mode 1, FMC_NADV is not used.

Table 86. Asynchronous non-multiplexed SRAM/PSRAM/NOR -
read timings(1(2)

Symbol Parameter Min Max Unit
tw(NE) FMC_NE low time 2THelk = 0.5 | 2 Ty kt0.5 | ns
ty(NOE_NE) FMC_NEx low to FMC_NOE low 0 1 ns
twNOE) FMC_NOE low time 2THeLK 2Thok+ 0.5 | ns
th(NE_NOE) FMC_NOE high to FMC_NE high hold time 0 - ns
ty(a_NE) FMC_NEx low to FMC_A valid - 2 ns
th(A_NOE) Address hold time after FMC_NOE high 0 - ns
tV(BL_NE) FMC_NEx low to FMC_BL valid - 2 ns
th(BL_NOE) FMC_BL hold time after FMC_NOE high 0 - ns
tsupata_NE) Data to FMC_NEXx high setup time Tholk + 2.5 - ns
tsu(pata_NoE) | Data to FMC_NOEX high setup time Thelk 2 - ns

3
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Table 86. Asynchronous non-multiplexed SRAM/PSRAM/NOR -
read timings“)(z) (continued)

Symbol Parameter Min Max Unit
thData_NoE) | Data hold time after FMC_NOE high 0 - ns
th(Data_NE) Data hold time after FMC_NEXx high 0 - ns
tV(NADV_NE) FMC_NEX low to FMC_NADV low - 0 ns
tW(NADV) FMC_NADV low time - THCLK +1 ns
1. C_=30pF.
2. Guaranteed by characterization results.
Table 87. Asynchronous non-multiplexed SRAM/PSRAM/NOR read -
NWAIT timings()(®)
Symbol Parameter Min Max Unit
tW(NE) FMC_NE low time 7THCLK+O‘5 7THCLK+1
tW(NOE) FMC_NWE low time 5THCLK -15 5THCLK +2 ns
tSU(NWA|T_NE) FMC_NWA'T valid before FMC_NEX hlgh 5THCLK+1 5 -
t FMC_NEXx hold time after FMC_NWAIT 4T +1 )
h(NE_NWAIT)  [invalid HCLK
1. C_=30pF
2. Guaranteed by characterization results.
DoclD024030 Rev 10 171/239
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Figure 56. 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 88. Asynchronous non-multiplexed SRAM/PSRAM/NOR write timings(1(2)

Symbol Parameter Min Max Unit
tw(NE) FMC_NE low time 3THeLK 3TheLk*1 ns
tynwe Ney | FMC_NEX low to FMC_NWE low Thetk = 0.5 | Thekt 0.5 ns
tw(NWE) FMC_NWE low time THoLk ThoLk* 0.5 ns
thnve_Nwe) | FMC_NWE high to FMC_NE high hold time Tholk +1.5 - ns
tV(A_NE) FMC_NEx low to FMC_A valid - 0 ns
th(A_NWE) Address hold time after FMC_NWE high ThcLkt0.5 - ns
ty(BL NE) FMC_NEXx low to FMC_BL valid - 15 ns
thBL_NWE) FMC_BL hold time after FMC_NWE high TheLkt0.5 - ns
typata NEy | Data to FMC_NEX low to Data valid - ThoLk* 2 ns
th(Data_NWE) Data hold time after FMC_NWE high TheLkt0.5 - ns
tynapv NE)y | FMC_NEx low to FMC_NADV low - 05 ns
twnaDv) FMC_NADV low time - Thelk+ 0.5 ns

1. C_=30pF.

2. Guaranteed by characterization results.
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Table 89. Asynchronous non-multiplexed SRAM/PSRAM/NOR write -
NWAIT timings(1(2)

Symbol Parameter Min Max Unit
tW(NE) FMC_NE low time 8Thek*1 8TheLk*2 ns
tW(NWE) FMC_NWE low time 6THCLK -1 6THCLK+2 ns
tSU(NWAlT_NE) FMC_NWA'T valid before FMC_NEX hlgh 6THCLK+1 5 - ns
FMC_NEXx hold time after FMC_NWAIT
th(NE_NWAIT) | invali 4TheLk*1 ns
1. C_=30pF.

2. Guaranteed by characterization results.

Figure 57. Asynchronous multiplexed PSRAM/NOR read waveforms
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Table 90. Asynchronous multiplexed PSRAM/NOR read timings(1(2)

Symbol Parameter Min Max Unit
tW(NE) FMC_NE low time 3THCLK -1 3THCLK+O'5 ns
tV(NOE_NE) FMC_NEX low to FMC_NOE low 2THCLK -0.5 2THCLK ns
ttW(NOE) FMC_NOE low time THCLK -1 THCLK+1 ns
thne NOE) | FMC_NOE high to FMC_NE high hold time 1 - ns
tya_NE) FMC_NEx low to FMC_A valid - 2 ns
tynabv NEy | FMC_NEx low to FMC_NADV low 0 2 ns
tW(NADV) FMC_NADV low time THCLK -0.5 THCLK+0'5 ns

FMC_AD(address) valid hold time after

th(AD_NADV) | FMC_NADV high) 0 - ns
th(A_NOE) Address hold time after FMC_NOE high Thek — 0.5 - ns
th(BL_NOE) FMC_BL time after FMC_NOE high 0 - ns
ty(BL_NE) FMC_NEx low to FMC_BL valid - 2 ns
tsu(Data_NE) Data to FMC_NEXx high setup time Thok+1.5 - ns
tsupata NOE) | Data to FMC_NOE high setup time Thelkt1 - ns
th(Data_NE) Data hold time after FMC_NEXx high 0 - ns
thpata_NoE) | Data hold time after FMC_NOE high 0 - ns

1. C_=30pF
2. Guaranteed by characterization results.

Table 91. Asynchronous multiplexed PSRAM/NOR read-NWAIT timings("(2)

Symbol Parameter Min Max Unit
tW(NE) FMC_NE low time 8THCLK+O'5 STHCLK+2 ns
tW(NOE) FMC_NWE low time 5THCLK -1 5THCLK +1.5 ns
tSU(NWA|T_NE) FMC_NWA'T valid before FMC_NEX hlgh STHCLK +1.5 - ns
FMC_NEx hold time after FMC_NWAIT
th(NE_NWAIT) [ invalid 4ThoLkt1 ns
1. C_=30pF.

2. Guaranteed by characterization results.

3
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Figure 58. Asynchronous multiplexed PSRAM/NOR write waveforms
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Table 92. Asynchronous multiplexed PSRAM/NOR write timings(1)(2)

Symbol Parameter Min Max Unit
tw(NE) FMC_NE low time 4THelk 4Thok*0.5 | ns
ty(NWE_NE) FMC_NEx low to FMC_NWE low Thek = 1 Tholk*0.5 | ns
twnwE) FMC_NWE low time 2THelk 2Thok*0.5 | ns
th(NE_NWE) FMC_NWE high to FMC_NE high hold time Thelk - ns
tya_NE) FMC_NEx low to FMC_A valid - 0 ns
tynabv_NE) | FMC_NEx low to FMC_NADV low 0.5 1 ns
tw(NADV) FMC_NADV low time Tholk = 0.5 | Tpelk* 0.5 | ns
th(AD_NADV) FMC_AD(adress) valid hold time after FMC_NADV high) THolk — 2 - ns
th(A_NWE) Address hold time after FMC_NWE high Thelk - ns
th(BL_NWE) FMC_BL hold time after FMC_NWE high Thelk — 2 - ns
ty(BL_NE) FMC_NEx low to FMC_BL valid - 2 ns
ty(pata_NaDv) | FMC_NADV high to Data valid - Tholk 1.5 | ns
thpata_Nwe) | Data hold time after FMC_NWE high THclk 0.5 - ns

1. C_=30pF.

2. Guaranteed by characterization results.

S74
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Table 93. Asynchronous multiplexed PSRAM/NOR write-NWAIT timings(1(2)

Symbol Parameter Min Max Unit
tW(NE) FMC_NE low time 9THCLK gTHCLK+0'5 ns
tW(NWE) FMC_NWE low time 7THCLK 7THCLK+2 ns
tSU(NWA|T_NE) FMC_NWA'T valid before FMC_NEX hlgh 6THCLK+1 5 - ns
FMC_NEx hold time after FMC_NWAIT
th(NE_NWAIT) | invalid 4Tyok—1 - ns
1. C_=30pF.

2. Guaranteed by characterization results.

Synchronous waveforms and timings

Figure 59 through Figure 62 represent synchronous waveforms and Table 94 through
Table 97 provide the corresponding timings. The results shown in these tables are obtained
with the following FMC configuration:

BurstAccessMode = FMC_BurstAccessMode Enabile;
MemoryType = FMC_MemoryType CRAM,;
WriteBurst = FMC_WriteBurst_Enable;

CLKbDivision = 1; (0 is not supported, see the STM32F4xx reference manual : RM0090)
DataLatency = 1 for NOR Flash; DataLatency = 0 for PSRAM

In all timing tables, the Ty is the HCLK clock period (with maximum
FMC_CLK =90 MHz).
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Figure 59. Synchronous multiplexed NOR/PSRAM read timings
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Table 94. Synchronous multiplexed NOR/PSRAM read timings("(?)

Symbol Parameter Min Max Unit
twcLk) FMC_CLK period 2Thok — 1 - ns
tycLki-Next) | FMC_CLK low to FMC_NEXx low (x=0..2) - 0 ns
tycLkH_NexH) | FMC_CLK high to FMC_NEXx high (x=0...2) Thelk - ns
taycLkinapvy) | FMC_CLK low to FMC_NADV low - 0 ns
tacLkL-NaDVH) | FMC_CLK low to FMC_NADV high 0 - ns
tacLkL-AV) FMC_CLK low to FMC_Ax valid (x=16...25) - 0 ns
tacLKH-ANV) FMC_CLK high to FMC_Ax invalid (x=16...25) 0 - ns
tycLki-NoeL) | FMC_CLK low to FMC_NOE low - Thok*0.5 | ns
tycLkH-NoEH) | FMC_CLK high to FMC_NOE high Tholk—0.5 ns
ty(cLKL-ADV) FMC_CLK low to FMC_ADI[15:0] valid - 0.5 ns
tyckL-apyy | FMC_CLK low to FMC_AD[15:0] invalid 0 - ns
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Table 94. Synchronous multiplexed NOR/PSRAM read timings(1)(2) (continued)

Symbol Parameter Min Max Unit
FMC_A/D[15:0] valid data before FMC_CLK
tsu(ADV-CLKH) high 5 - ns
thcLkr-apy) | FMC_A/D[15:0] valid data after FMC_CLK high 0 - ns
tsunwaIT-cLkH) | FMC_NWAIT valid before FMC_CLK high 4 - ns
th(CLKH-NWAIT) FMC_NWA'T valid after FMC_CLK hlgh 0 - ns
1. C_=30pF.

2. Guaranteed by characterization results.

Figure 60. Synchronous multiplexed PSRAM write timings
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Table 95. Synchronous multiplexed PSRAM write timings(1(2)

Symbol Parameter Min Max Unit
twicLk) FMC_CLK period, VDD range= 2.7 to 3.6 V 2Thok -1 - ns
tacLkNext) | FMC_CLK low to FMC_NEX low (x=0..2) - 1.5 ns
tacLkr-NExH) | FMC_CLK high to FMC_NEX high (x=0...2) Thelk - ns
tycLkL-NaDvL) | FMC_CLK low to FMC_NADV low - 0 ns
ty(cLkL-NADVH) | FMC_CLK low to FMC_NADV high 0 - ns
tycikL-av) |FMC_CLK low to FMC_Ax valid (x=16...25) - 0 ns
tacLkH-Alv) | FMC_CLK high to FMC_Ax invalid (x=16...25) THeLK - ns
taycLk-nweL) | FMC_CLK low to FMC_NWE low - 0 ns
tcLkH-nwer) | FMC_CLK high to FMC_NWE high TheLk—0.5 - ns
tycLkL-apy) | FMC_CLK low to FMC_AD[15:0] valid - 3 ns
tacLkL-aprvy | FMC_CLK low to FMC_AD[15:0] invalid 0 - ns
tycLkL-DaTA) | FMC_A/D[15:0] valid data after FMC_CLK low - 3 ns
tycLknsLy) | FMC_CLK low to FMC_NBL low 0 - ns
tacLkHnsLH) | FMC_CLK high to FMC_NBL high Thek—0.5 - ns
tsunwarT-cLkH) | FMC_NWAIT valid before FMC_CLK high 4 - ns
th(cLkH-NwAIT) | FMC_NWAIT valid after FMC_CLK high 0 - ns
1. C_ =30 pF.
2. Guaranteed by characterization results.
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Figure 61. Synchronous non-multiplexed NOR/PSRAM read timings

tw(CLK)-E<—>E<—>E- tw(CLK) E , , ,
== U
FMC CLK . . . . . . .
1 1 1
t _ 1 1 1 1 | t _
d(CLKL-NEXL) | Sy ——— | d(CLKI‘:-I NExH) :
FMC_NEx | | | | ! ! !
1 1 1 1 ) ] ]
td(CLKL-NADVLy>; »—*t4(CLKL-NADVH) 1 ! ! !
! T T
. Y . | . —\
FMC_NADV ! ! ! ! : : :
T+ t4(CLKL-AY) | ! : td(CLKH-AIV) :
FMC_A[25:0] . . . . ! I I
1 1 1 1 | 1 1
I I T+ ld(CLKL-NOEL) ' td(CLKM-NOEHJ™
. . . : ! ! !
1 1 1 1 1
FMC_NOE : : ' : | : :
. . tsu(DV-CLKH) 1¢>«>Hh(CLKH-DV) ! !
1 1 1 1
! ! ! ' s (DV-dLKH)"—’:"}th(CL:KH-DV)
: ! ! ! T\ \
FMC_DI[15:0] ; ; ; ( 'j.” : }( D!2 |
1 1 1 1
MG NWAIT ! ! tsu(NWAINITV-CLKH < =:< > th(ELKH-NWAITV) I
! 1
(WAITCFG = 1b, | | | Y E \ I L\
WAITPOL + 0b) \ \ | | \ \
EMC. NWAIT ! ! ! tsu(NWAITV—QIL‘LKH‘j ] th(CLKH-NWAITV)
_ . ! .
(WAITCFG = Ob, ' ) N : T
WAITPOL + 0b) | | | RPN ' :
g 1 SU(NWAITV-CLKHI* >4 th(CLKH-NWAITV) |
MS32759V1

Table 96. Synchronous non-multiplexed NOR/PSRAM read timings("(2)

Symbol Parameter Min Max Unit
twcik) | FMC_CLK period 2Tholk — 1 - ns
tcLki-Next) | FMC_CLK low to FMC_NEXx low (x=0..2) - 0.5 ns
W(CLKH- | FMC_CLK high to FMC_NEx high (x= 0...2) ThoLk - ns
NExH)
W(CLKL- | FMC_CLK low to FMC_NADV low - 0 ns
NADVL)
ta(cLKL- FMC_CLK low to FMC_NADV high 0 - ns
NADVH)
tacLkL-Av) | FMC_CLK low to FMC_Ax valid (x=16...25) - 0 ns
tacLkH-Alv) | FMC_CLK high to FMC_Ax invalid (x=16...25) Tholk - 0.5 - ns
td(CLKL-NOEL) FMC_CLK low to FMC_NOE low - THCLK+2 ns
W(CLKH- | FMC_CLK high to FMC_NOE high Thelk — 0.5 - ns
NOEH)
tsuv-cLkH) | FMC_D[15:0] valid data before FMC_CLK high 5 - ns
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Table 96. Synchronous non-multiplexed NOR/PSRAM read timings(!?) (continued)

Symbol Parameter Min Max Unit
th(CLKH—DV) FMC_D[15:0] valid data after FMC_CLK high 0 - ns

tiwArT-cLkH) | FMC_NWAIT valid before FMC_CLK high 4

th(CLKH- FMC_NWAIT valid after FMC_CLK high 0

NWAIT)
1. C_=30pF.
2. Guaranteed by characterization results.

Figure 62. Synchronous non-multiplexed PSRAM write timings
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Table 97. Synchronous non-multiplexed PSRAM write timings“)(z)

Symbol Parameter Min Max Unit

tcLk) FMC_CLK period 2Thok — 1 - ns

td(CLKL-NEXL) FMC_CLK low to FMC_NEX low (X=02) - 0.5 ns

t(CLKH-NEXH) FMC_CLK hlgh to FMC_NEX hlgh (X= 02) THCLK - ns

td(CLKL-NADVL) FMC_CLK low to FMC_NADV low - 0 ns

td(CLKL-NADVH) FMC_CLK low to FMC_NADV hlgh 0 - ns

td(CLKL—AV) FMC_CLK low to FMC_AX valid (X=1 0. 25) - 0 ns
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Table 97. Synchronous non-multiplexed PSRAM write timings“xz) (continued)

Symbol Parameter Min Max Unit
tyicLkn-alv) | FMC_CLK high to FMC_Ax invalid (x=16...25) 0 - ns
tycLke-nweL) | FMC_CLK low to FMC_NWE low - 0 ns
tycLkH-NweH) | FMC_CLK high to FMC_NWE high Thelk—0.5 - ns
ty(cLkL-Datay | FMC_D[15:0] valid data after FMC_CLK low - 25 ns
tycLknsLL) | FMC_CLK low to FMC_NBL low 0 - ns
ty(cLkn-NBLH) | FMC_CLK high to FMC_NBL high Thek=0.5 - ns
tsu(NwAIT-cLkH) | FMC_NWAIT valid before FMC_CLK high 4
th(cLkH-NwAIT) | FMC_NWAIT valid after FMC_CLK high 0
1. C_=30pF.

2. Guaranteed by characterization results.

PC Card/CompactFlash controller waveforms and timings

Figure 63 through Figure 68 represent synchronous waveforms, and Table 98 and Table 99
provide the corresponding timings. The results shown in this table are obtained with the
following FMC configuration:

e COM.FMC_SetupTime = 0x04;

e COM.FMC_WaitSetupTime = 0x07;
e COM.FMC_HoldSetupTime = 0x04;
e COM.FMC_HiZSetupTime = 0x00;
e ATT.FMC_SetupTime = 0x04;

e ATT.FMC_WaitSetupTime = 0x07;
e ATT.FMC_HoldSetupTime = 0x04;
e ATT.FMC_HiZSetupTime = 0x00;

e |O.FMC_SetupTime = 0x04;

e |O.FMC_WaitSetupTime = 0x07;

e |O.FMC_HoldSetupTime = 0x04;

e |O.FMC_HiZSetupTime = 0x00;

e TCLRSetupTime =0;

e TARSetupTime = 0.

In all timing tables, the Ty is the HCLK clock period.

3
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Figure 63. PC Card/CompactFlash controller waveforms for common memory read

access
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1.

FMC_NCE4_2 remains high (inactive during 8-bit access.

Figure 64. PC Card/CompactFlash controller waveforms for common memory write

access
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Figure 65. PC Card/CompactFlash controller waveforms for attribute memory
read access
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1. Only data bits 0...7 are read (bits 8...15 are disregarded).

3
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Figure 66. PC Card/CompactFlash controller waveforms for attribute memory
write access
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1. Only data bits 0...7 are driven (bits 8...15 remains Hi-Z).

Figure 67. PC Card/CompactFlash controller waveforms for I/O space read access
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Figure 68. PC Card/CompactFlash controller waveforms for 1/0O space write access
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Table 98. Switching characteristics for PC Card/CF read and write cycles

in attribute/common space(1(2

Symbol Parameter Min Max Unit
ty(NCEx-A) FMC_Ncex low to FMC_Ay valid - 0 ns
th(NCEx_Al) FMC_NCEX high to FMC_Ax invalid 0 - ns

tynrRec-NceEx) | FMC_NCEX low to FMC_NREG valid - 1 ns
thncExNREG) | FMC_NCEX high to FMC_NREG invalid Thewk — 2 - ns
t4(NCEX-NWE) FMC_NCEXx low to FMC_NWE low - 5Thek ns
tw(NWE) FMC_NWE low width 8Thck — 0.5 | 8T k+0.5 | ns
t4(NWE_NCEx) FMC_NWE high to FMC_NCEX high 5Thok*1 - ns
tv(NWE-D) FMC_NWE low to FMC_D[15:0] valid - 0 ns
th(NWE-D) FMC_NWE high to FMC_D[15:0] invalid 9Thck — 0.5 - ns
tyD-NWE) FMC_D[15:0] valid before FMC_NWE high 13Thek — 3 ns
td(NCEX-NOE) FMC_NCEX low to FMC_NOE low - 5Thelk ns
tw(NOE) FMC_NOE low width 8 Thok — 0.5 | 8 T kt0.5 | ns
t4(NOE_NCEx) FMC_NOE high to FMC_NCEXx high 5Thok — 1 - ns
tsu (D-NOE) FMC_DI[15:0] valid data before FMC_NOE high THeLk - ns
th(NOE-D) FMC_NOE high to FMC_D[15:0] invalid 0 - ns
1. C_=30pF.
2. Guaranteed by characterization results.
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Table 99. Switching characteristics for PC Card/CF read and write cycles

in 1/0 space(1(®

Symbol Parameter Min Max Unit

tw(NIOWR) FMC_NIOWR low width 8ThcLk — 0.5 - ns
tv(NIOWR-D) FMC_NIOWR low to FMC_D[15:0] valid - 0 ns
th(NIOWR-D) FMC_NIOWR high to FMC_D[15:0] invalid Tholk — 2 - ns
td(NCE4_1-NIOWR) | FMC_NCE4_1 low to FMC_NIOWR valid - 5Thelk ns
th(NCEx-NIOWR) | FMC_NCEXx high to FMC_NIOWR invalid 5TheLk - ns
td(NIORD-NCEx) |FMC_NCEXx low to FMC_NIORD valid - 5TheLk ns
th(NCEx-NIORD) |FMC_NCEXx high to FMC_NIORD) valid 6THcLkt2 - ns
tw(NIORD) FMC_NIORD low width 8Thcik — 0.5 | 8ThcLkt0.5 ns
tsu(D-NIORD) FMC_DI[15:0] valid before FMC_NIORD high Thelk - ns
td(NIORD-D) FMC_DI[15:0] valid after FMC_NIORD high 0 - ns

1. C_=30pF.

2. Guaranteed by characterization results.

NAND controller waveforms and timings

Figure 69 through Figure 72 represent synchronous waveforms, and Table 100 and

Table 101 provide the corresponding timings. The results shown in this table are obtained
with the following FMC configuration:

COM.FMC_SetupTime = 0x01;
COM.FMC_WaitSetupTime = 0x03;
COM.FMC_HoldSetupTime = 0x02;
COM.FMC_HiZSetupTime = 0x01;
ATT.FMC_SetupTime = 0x01;
ATT.FMC_WaitSetupTime = 0x03;
ATT.FMC_HoldSetupTime = 0x02;
ATT.FMC_HiZSetupTime = 0x01;

Bank = FMC_Bank_NAND;

MemoryDataWidth = FMC_MemoryDataWidth_16b;
ECC = FMC_ECC_Enable;

ECCPageSize = FMC_ECCPageSize 512Bytes;
TCLRSetupTime = 0;

TARSetupTime = 0.

In all timing tables, the Ty is the HCLK clock period.
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Figure 69. NAND controller waveforms for read access
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Figure 70. NAND controller waveforms for write access
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Figure 71. NAND controller waveforms for common memory read access
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Figure 72. NAND controller waveforms for common memory write access
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Table 100. Switching characteristics for NAND Flash read cycles“)

Symbol Parameter Min Max Unit
tw(NOE) FMC_NOE low width 4Thek —0.5| 4Ty k0.5 | ns
tsup-NoE) | FMC_D[15-0] valid data before FMC_NOE high 9 - ns
thnoe-p) | FMC_D[15-0] valid data after FMC_NOE high 0 - ns
tyaLe-nog) | FMC_ALE valid before FMC_NOE low - 3THck —0.5| ns
thnoE-ALE) | FMC_NWE high to FMC_ALE invalid 3Thelk — 2 - ns

1. C_=30pF.
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Table 101. Switching characteristics for NAND Flash write cycles(!)

Symbol Parameter Min Max Unit

tw(NWE) FMC_NWE low width 4THcLk 4Thekt1 | ns

ty(NWE-D) FMC_NWE low to FMC_DI[15-0] valid 0 - ns

th(NWE-D) FMC_NWE high to FMC_D[15-0] invalid 3Thek — 1 - ns

ty(D-NWE) FMC_D[15-0] valid before FMC_NWE high 5Thek — 3 - ns
taALE-NWE) FMC_ALE valid before FMC_NWE low - 3THek=0.5| ns
thnwe-ALE) | FMC_NWE high to FMC_ALE invalid 3Thok — 1 - ns

1. C_=30pF.

SDRAM waveforms and timings

Figure 73. SDRAM read access waveforms (CL = 1)
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Table 102. SDRAM read timings("(2)

Symbol Parameter Min Max Unit
tw(spcLk) FMC_SDCLK period 2Tk - 0.5 2ThoLkt0.5
tsu(SDCLKH _Data) Data input setup time 2 -
th(SDCLKH_Data) Data input hold time 0 _
ty(sDCLKL_Add) Address valid time - 15
t4(SDCLKL- SDNE) Chip select valid time - 05
th(SDCLKL_SDNE) Chip select hold time 0 R ns
t4(SDCLKL_SDNRAS) SDNRAS valid time - 05
th(SDCLKL_SDNRAS) SDNRAS hold time 0 -
ty(SDCLKL_SDNCAS) SDNCAS valid time - 05
th(sbcLkL_SDNCAS) SDNCAS hold time 0 -
1. CL =30 pF on data and address lines. CL=15pF on FMC_SDCLK.
2. Guaranteed by characterization results.
Table 103. LPSDR SDRAM read timings("?
Symbol Parameter Min Max Unit
tw(sbcLk) FMC_SDCLK period 2Thek — 0.5 2THeok*0.5
tsu(SDCLKH_Data) Data input setup time 25 R
th(SDCLKH_Data) Data input hold time 0 -
ty(SDCLKL_Add) Address valid time - 1
t4(SDCLKL_SDNE) Chip select valid time - 1
th(SDCLKL_SDNE) Chip select hold time 1 . ns
t4(SDCLKL_SDNRAS SDNRAS valid time - 1
th(SDCLKL_SDNRAS) SDNRAS hold time 1 -
t4(SDCLKL_SDNCAS) SDNCAS valid time - 1
th(SDCLKL_SDNCAS) SDNCAS hold time 1 -
1. CL=10pF.
2. Guaranteed by characterization results.
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Figure 74. SDRAM write access waveforms
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Table 104. SDRAM write timings(1)(2)

Symbol Parameter Min Max Unit
tw(spcLk) FMC_SDCLK period 2ThoLk — 0.5 2ThoLk*0.5
tySDCLKL Data) Data output valid time - 35
th(SDCLKL Data) Data output hold time 0 i
ty(SDCLKL_Add) Address valid time - 15
t4(SDCLKL_SDNWE) SDNWE valid time - 1
th(SDCLKL_SDNWE) SDNWE hold time 0 -
ty(SDCLKL_ SDNE) Chip select valid time - 0.5 i,
th(SDCLKL-_SDNE) Chip select hold time 0 -
t4(SDCLKL_SDNRAS) SDNRAS valid time - 2
th(SDCLKL_SDNRAS) SDNRAS hold time 0 _
tysbcLKL_spNcas) SDNCAS valid time - 05
ty(SDCLKL_SDNCAS) SDNCAS hold time 0 -
ty(sDCLKL _NBL) NBL valid time - 05
th(spcLKL_NBL) NBLoutput time 0 -
CL = 30 pF on data and address lines. CL=15pF on FMC_SDCLK.
Guaranteed by characterization results.
Table 105. LPSDR SDRAM write timings(1)(2)
Symbol Parameter Min Max Unit
tw(sbcLk) FMC_SDCLK period 2Tholk = 0.5 | 2Tpeik*0.5
tysDCLKL Data) Data output valid time - 5
th(SDCLKL Data) Data output hold time 2 .
ty(spDcLKL_Add) Address valid time - 28
td(SDCLKL-SDNWE) SDNWE valid time - 2
th(SDCLKL-SDNWE) SDNWE hold time 1 _
t4(SDCLKL- SDNE) Chip select valid time - 15
th(SDCLKL- SDNE) Chip select hold time 1 . ns
t4(SDCLKL-SDNRAS) SDNRAS valid time - 15
th(SDCLKL-SDNRAS) SDNRAS hold time 1.5 -
t4(SDCLKL-SDNCAS) SDNCAS valid time - 15
t4(SDCLKL-SDNCAS) SDNCAS hold time 1.5 -
t4(SDCLKL_NBL) NBL valid time - 15
th(SDCLKL-NBL) NBL output time 1.5 -
CL =10 pF.
Guaranteed by characterization results.
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6.3.27

194/239

Camera interface (DCMI) timing specifications

Unless otherwise specified, the parameters given in Table 106 for DCMI are derived
from tests performed under the ambient temperature, f ¢k frequency and Vpp supply
voltage summarized in Table 17, with the following configuration:

e DCMI_PIXCLK polarity: falling
e DCMI_VSYNC and DCMI_HSYNC polarity: high
. Data formats: 14 bits

Table 106. DCMI characteristics

Symbol Parameter Min Max Unit
Frequency ratio DCMI_PIXCLK/fycLk - 0.4
DCMI_PIXCLK | Pixel clock input - 54 MHz
Dpixel Pixel clock input duty cycle 30 70 %
tsuipaTA) Data input setup time 2 -
th(DATA) Data input hold time 25 -
t
Su(HSYNC) | pcMI_HSYNC/DCMI_VSYNC input setup time 0.5 - ns
tsuvsyne)
{
h(HSYNC) | pcMI_HSYNC/DCMI_VSYNC input hold time 1 -
thvsyne)
Figure 75. DCMI timing diagram
1/DCMI_PIXCLK
-
oou e N/
—N—<— tsu(HSYNC) thHsyNe) —hi—id—
DCMI_HSYNC _\___/—\_ ______________ /X
—Pﬂ— tsu(VSYNC) th(HSYNC)-’%-H-
DCMI_VSYNC \ ‘ /[ i:
o tsu(I‘DATAii thaTA) -
DATA[0:13] X XX X \
1 MS32414V2

DoclD024030 Rev 10

3




STM32F427xx STM32F429xx

Electrical characteristics

6.3.28

3

LCD-TFT controller (LTDC) characteristics

Unless otherwise specified, the parameters given in Table 107 for LCD-TFT are derived
from tests performed under the ambient temperature, frck frequency and VDD supply

voltage summarized in Table 17, with the following configuration:

e LCD_CLK polarity: high
e LCD_DE polarity : low

e LCD_VSYNC and LCD_HSYNC polarity: high

. Pixel formats: 24 bits

Table 107. LTDC characteristics

Symbol Parameter Min Max Unit
folk LTDC clock output frequency - 83 MHz
Dcik LTDC clock output duty cycle 45 55 %
bw(CLKH) Clock High time, low time tw(CLK)/2 - 0.5 | tw(CLK)/2+0.5
tw(cLky)
ty(DATA) Data output valid time - 3.5
th(DATA) Data output hold time 1.5 -
tyHsyNC)

HSYNC/VSYNC/DE output valid ns
tyvsyne) time - 2.5
ty(oE)
th(HsyNe)

HSYNC/VSYNC/DE output hold 2
th(vsYNC) time -
th(DE)
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Figure 76. LCD-TFT horizontal timing diagram
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Figure 77. LCD-TFT vertical timing diagram
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3

SD/SDIO MMC card host interface (SDIO) characteristics

Unless otherwise specified, the parameters given in Table 108 for the SDIO/MMC interface
are derived from tests performed under the ambient temperature, fpc| k2 frequency and Vpp
supply voltage conditions summarized in Table 17, 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: 0.5Vpp

Refer to Section 6.3.17: I/0O port characteristics for more details on the input/output
characteristics.

Figure 78. SDIO high-speed mode

tw(CKH) 1< > > th(CKL)
cK ,_b
D, CMD
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tigy—> tiH
D, CMD X

(input)
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Figure 79. SD default mode
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Table 108. Dynamic characteristics: SD / MMC characteristics(!(?

Symbol Parameter Conditions Min Typ Max Unit
fop Clock frequency in data transfer mode 0 48 MHz
- SDIO_CK/PCLK2 frequency ratio - - 8/3 -
tW(CKL) Clock low time fpp =48 MHz 8.5 9 -
ns
tw(ckH) Clock high time fop =48 MHz 8.3 10 -
CMD, D inputs (referenced to CK) in MMC and SD HS mode
tisu Input setup time HS fpp =48 MHz 3.5 - -
ns
tin Input hold time HS fpp =48 MHz 0 - -
CMD, D outputs (referenced to CK) in MMC and SD HS mode
tov Output valid time HS fpp =48 MHz - 4.5 7
ns
ton Output hold time HS fpp =48 MHz 3 - -
CMD, D inputs (referenced to CK) in SD default mode
tISUD | Input setup time SD fop =24 MHz 1.5 - -
ns
tIHD Input hold time SD fop =24 MHz 0.5 - -
CMD, D outputs (referenced to CK) in SD default mode
tovD Output valid default time SD fop =24 MHz - 4.5 6.5
ns
tOHD Output hold default time SD fop =24 MHz 3.5 - -
1. Guaranteed by characterization results.
2. Vpp=27t036V.
6.3.30 RTC characteristics
Table 109. RTC characteristics
Symbol Parameter Conditions Min Max
.| Any read/write operation
- fpcLk1/RTCCLK frequency ratio from/to an RTC register 4 -
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7 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.

71 LQFP100 package information
Figure 80. LQFP100 -100-pin, 14 x 14 mm low-profile quad flat package outline
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1. Drawing is not to scale.
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Table 110. LQPF100 100-pin, 14 x 14 mm low-profile quad flat package mechanical data

millimeters inches(!)
Symbol
Min Typ Max Min Typ Max

A - - 1.600 - - 0.0630
A1 0.050 - 0.150 0.0020 - 0.0059
A2 1.350 1.400 1.450 0.0531 0.0551 0.0571
b 0.170 0.220 0.270 0.0067 0.0087 0.0106
0.090 - 0.200 0.0035 - 0.0079
D 15.800 16.000 16.200 0.6220 0.6299 0.6378
D1 13.800 14.000 14.200 0.5433 0.5512 0.5591

D3 - 12.000 - - 0.4724 -
E 15.800 16.000 16.200 0.6220 0.6299 0.6378
E1 13.800 14.000 14.200 0.5433 0.5512 0.5591

E3 - 12.000 - - 0.4724 -

e - 0.500 - - 0.0197 -
L 0.450 0.600 0.750 0.0177 0.0236 0.0295

L1 - 1.000 - - 0.0394 -

k 0.0° 3.5° 7.0° 0.0° 3.5° 7.0°
cce - - 0.080 - - 0.0031
1. Values in inches are converted from mm and rounded to 4 decimal digits.
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Figure 81. LQPF100 - 100-pin, 14 x 14 mm low-profile quad flat
recommended footprint
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1. Dimensions are expressed in millimeters.
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Device marking for LQFP100

The following figure gives an example of topside marking orientation versus pin 1 identifier
location.

Other optional marking or inset/upset marks, which depend on assembly location, are not
indicated below.

Figure 82. LQFP100 marking example (package top view)

Product identification(!)

NSTMBEFL'E.:I| /Revisioncode

\|VITI=. R/!/
L T

Date code = year + week

| L] Mww

e~ KYF O

ai14998d

1. Parts marked as “ES”, “E” or accompanied by an Engineering Sample notification letter, are not yet
qualified and therefore not yet ready to be used in production and any consequences deriving from such
usage will not be at ST charge. In no event, ST will be liable for any customer usage of these engineering
samples in production. ST Quality has to be contacted prior to any decision to use these Engineering
Samples to run qualification activity.
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7.2 WLCSP143 package information

Figure 83. WLCSP143 - 143-ball, 4.521x 5.547 mm, 0.4 mm pitch wafer level chip scale
package outline
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1. Drawing is not to scale.
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Table 111. WLCSP143 - 143-ball, 4.521x 5.547 mm, 0.4 mm pitch wafer level chip scale
package mechanical data

millimeters inches(!)
Symbol
Min Typ Max Min Typ Max

A 0.525 0.555 0.585 0.0207 0.0219 0.0230
A1 0.155 0.175 0.195 - 0.0069 -
A2 - 0.380 - - 0.0150 -

A3®) - 0.025 - - 0.0010 -
b®) 0.220 0.250 0.280 0.0087 0.0098 0.0110

D 4.486 4.521 4.556 0.1766 0.1780 0.1794

E 5.512 5.547 5.582 0.2170 0.2184 0.2198

e - 0.400 - - 0.0157 -
el - 4.000 - - 0.1575 -
e2 - 4.800 - - 0.1890 -

F - 0.2605 - - 0.0103 -

G - 0.3735 - - 0.0147 -
aaa - - 0.100 - - 0.0039
bbb - - 0.100 - - 0.0039
cce - - 0.100 - - 0.0039
ddd - - 0.050 - - 0.0020
eee - - 0.050 - - 0.0020

1. Values in inches are converted from mm and rounded to 4 decimal digits.

2. Back side coating.

3. Dimension is measured at the maximum bump diameter parallel to primary datum Z.

Figure 84. WLCSP143 - 143-ball, 4.521x 5.547 mm, 0.4 mm pitch wafer level chip scale
recommended footprint

Dpad

Dsm

MS18965V2
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Table 112. WLCSP143 recommended PCB design rules (0.4 mm pitch)

Dimension Recommended values
Pitch 0.4
260 ym max. (circular)
Dpad
220 ym recommended
Dsm 300 pym min. (for 260 ym diameter pad)
PCB pad design Non-solder mask defined via underbump allowed.

Device marking for WLCSP143

The following figure gives an example of topside marking orientation versus ball A 1

identifier location.

Other optional marking or inset/upset marks, which depend on assembly location, are not

indicated below.

Figure 85. WLCSP143 marking example (package top view)

Product
identification(1)

Q— ball A1

ST32Fu429ZIVYhE

Date code = Year+Week

Yiww |E|"— Revision code

MSv32786V4

1. Parts marked as “ES”, “E” or accompanied by an Engineering Sample notification letter, are not yet
qualified and therefore not yet ready to be used in production and any consequences deriving from such
usage will not be at ST charge. In no event, ST will be liable for any customer usage of these engineering
samples in production. ST Quality has to be contacted prior to any decision to use these Engineering

Samples to run qualification activity.
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7.3 LQFP144 package information

Figure 86. LQFP144-144-pin, 20 x 20 mm low-profile quad flat package outline
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1. Drawing is not to scale.
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Table 113. LQFP144 - 144-pin, 20 x 20 mm low-profile quad flat package
mechanical data

millimeters inches(!)
Symbol
Min Typ Max Min Typ Max

A - - 1.600 - - 0.0630
A1 0.050 - 0.150 0.0020 - 0.0059
A2 1.350 1.400 1.450 0.0531 0.0551 0.0571

b 0.170 0.220 0.270 0.0067 0.0087 0.0106

0.090 - 0.200 0.0035 - 0.0079

D 21.800 22.000 22.200 0.8583 0.8661 0.874
D1 19.800 20.000 20.200 0.7795 0.7874 0.7953
D3 - 17.500 - - 0.689 -

E 21.800 22.000 22.200 0.8583 0.8661 0.8740
E1 19.800 20.000 20.200 0.7795 0.7874 0.7953
E3 - 17.500 - - 0.6890 -

e - 0.500 - - 0.0197 -

L 0.450 0.600 0.750 0.0177 0.0236 0.0295
L1 - 1.000 - - 0.0394 -

k 0° 3.5° 7° 0° 3.5° 7°
cce - - 0.080 - - 0.0031

1. Values in inches are converted from mm and rounded to 4 decimal digits.
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Figure 87. LQPF144- 144-pin,20 x 20 mm low-profile quad flat package
recommended footprint
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‘Yl DoclD024030 Rev 10 207/239




Package information STM32F427xx STM32F429xx

Device marking for LQFP144

The following figure gives an example of topside marking orientation versus pin 1 identifier
location.

Other optional marking or inset/upset marks, which depend on assembly location, are not
indicated below.

Figure 88. LQFP144 marking example (package top view)

Revision code
Product ‘ , l Q R

identification(1 )

32F4U429ZEThEL

Date code = Year+Week

Yiww

Pin 1

e

ai15101e

1. Parts marked as “ES”, “E” or accompanied by an Engineering Sample notification letter, are not yet
qualified and therefore not yet ready to be used in production and any consequences deriving from such
usage will not be at ST charge. In no event, ST will be liable for any customer usage of these engineering
samples in production. ST Quality has to be contacted prior to any decision to use these Engineering
Samples to run qualification activity.
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7.4 LQFP176 package information
Figure 89. LQFP176 - 176-pin, 24 x 24 mm low-profile quad flat package outline
Seating plane
L
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At [t
< L >
< HD L1 ]
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— i/lc) A
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7% HE
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b
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1. Drawing is not to scale.
Table 114. LQFP176 - 176-pin, 24 x 24 mm low-profile quad flat package
mechanical data
millimeters inches(!)
Symbol
Min Typ Max Min Typ Max
A - - 1.600 - - 0.0630
A1l 0.050 - 0.150 0.0020 - 0.0059
A2 1.350 - 1.450 0.0531 - 0.0571
b 0.170 - 0.270 0.0067 - 0.0106
[ 0.090 - 0.200 0.0035 - 0.0079
D 23.900 - 24.100 0.9409 - 0.9488
HD 25.900 - 26.100 1.0197 - 1.0276
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Table 114. LQFP176 - 176-pin, 24 x 24 mm low-profile quad flat package
mechanical data (continued)

millimeters inches(")
Symbol
Min Typ Max Min Typ Max
ZD - 1.250 - - 0.0492 -

E 23.900 - 24.100 0.9409 - 0.9488
HE 25.900 - 26.100 1.0197 - 1.0276
ZE - 1.250 - - 0.0492 -

e - 0.500 - - 0.0197 -
L@ 0.450 - 0.750 0.0177 - 0.0295
L1 - 1.000 - - 0.0394 -

k 0° - 7° 0° - 7°
cce - - 0.080 - - 0.0031

1. Values in inches are converted from mm and rounded to 4 decimal digits.

2. L dimension is measured at gauge plane at 0.25 mm above the seating plane.
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Figure 90. LQFP176 - 176-pin, 24 x 24 mm low profile quad flat recommended

footprint
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Device marking for LQFP176

The following figure gives an example of topside marking orientation versus pin 1 identifier
location.

Other optional marking or inset/upset marks, which depend on assembly location, are not
indicated below.

Figure 91. LQFP176 marking (package top view)
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ai17740d

1. Parts marked as “ES”, “E” or accompanied by an Engineering Sample notification letter, are not yet
qualified and therefore not yet ready to be used in production and any consequences deriving from such
usage will not be at ST charge. In no event, ST will be liable for any customer usage of these engineering
samples in production. ST Quality has to be contacted prior to any decision to use these Engineering
Samples to run qualification activity.
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3

LQFP208 package information

Figure 92. LQFP208 - 208-pin, 28 x 28 mm low-profile quad flat package outline
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Table 115. LQFP208 - 208-pin, 28 x 28 mm low-profile quad flat package

mechanical data

millimeters inches(!)
Symbol
Min Typ Max Min Typ Max
A - - 1.600 - - 0.0630
A1 0.050 - 0.150 0.0020 - 0.0059
A2 1.350 1.400 1.450 0.0531 0.0551 0.0571
b 0.170 0.220 0.270 0.0067 0.0087 0.0106
0.090 - 0.200 0.0035 - 0.0079
D 29.800 30.000 30.200 1.1732 1.1811 1.1890
D1 27.800 28.000 28.200 1.0945 1.1024 1.1102
D3 - 25.500 - - 1.0039 -
E 29.800 30.000 30.200 1.1732 1.1811 1.1890
E1 27.800 28.000 28.200 1.0945 1.1024 1.1102
E3 - 25.500 - - 1.0039 -
e - 0.500 - - 0.0197 -
L 0.450 0.600 0.750 0.0177 0.0236 0.0295
L1 - 1.000 - - 0.0394 -
k 0° 3.5° 7.0° 0° 3.5° 7.0°
ccc - - 0.080 - - 0.0031

1. Values in inches are converted from mm and rounded to 4 decimal digits.
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3

Figure 93. LQFP208 - 208-pin, 28 x 28 mm low-profile quad flat package

recommended footprint
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1. Dimensions are expressed in millimeters.
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Device marking for LQFP208

The following figure gives an example of topside marking orientation versus pin 1 identifier
location.

Other optional marking or inset/upset marks, which depend on assembly location, are not
indicated below.

Figure 94. LQFP208 marking example (package top view)

Revision code

Product identification() m 5‘| = |

[Sa

STM32Fu429BITh)|

ilzignlifier | | | | |

Date code = year + week

| ] Mwuw]

MS31816V4

1. Parts marked as “ES”, “E” or accompanied by an Engineering Sample notification letter, are not yet
qualified and therefore not yet ready to be used in production and any consequences deriving from such
usage will not be at ST charge. In no event, ST will be liable for any customer usage of these engineering
samples in production. ST Quality has to be contacted prior to any decision to use these Engineering
Samples to run qualification activity.
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7.6

3

UFBGA169 package information

Figure 95. UFBGA169 - 169-ball 7 x 7 mm 0.50 mm pitch, ultra fine pitch ball grid array
package outline
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offf W|Z]
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1. Drawing is not to scale.

Table 116. UFBGA169 - 169-ball 7 x 7 mm 0.50 mm pitch, ultra fine pitch ball grid array
package mechanical data

millimeters inches(!)
Symbol

Min Typ Max Min Typ Max
A 0.460 0.530 0.600 0.0181 0.0209 0.0236
A1 0.050 0.080 0.110 0.0020 0.0031 0.0043
A2 0.400 0.450 0.500 0.0157 0.0177 0.0197
A3 - 0.130 - - 0.0051 -
A4 0.270 0.320 0.370 0.0106 0.0126 0.0146

0.230 0.280 0.330 0.0091 0.0110 0.0130
D 6.950 7.000 7.050 0.2736 0.2756 0.2776
D1 5.950 6.000 6.050 0.2343 0.2362 0.2382
E 6.950 7.000 7.050 0.2736 0.2756 0.2776
E1 5.950 6.000 6.050 0.2343 0.2362 0.2382
e - 0.500 - - 0.0197 -

DoclD024030 Rev 10

217/239




Package information STM32F427xx STM32F429xx

Note:
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Table 116. UFBGA169 - 169-ball 7 x 7 mm 0.50 mm pitch, ultra fine pitch ball grid array
package mechanical data (continued)

millimeters inches("
Symbol
Min Typ Max Min Typ Max
F 0.450 0.500 0.550 0.0177 0.0197 0.0217
ddd - - 0.100 - - 0.0039
eee - - 0.150 - - 0.0059
fff - - 0.050 - - 0.0020

1. Values in inches are converted from mm and rounded to 4 decimal digits.

Figure 96. UFBGA169 - 169-ball, 7 x 7 mm, 0.50 mm pitch, ultra fine pitch
ball grid array recommended footprint

Dpad

Dsm

MS18965V2

Table 117. UFBGA169 recommended PCB design rules (0.5 mm pitch BGA)

Dimension Recommended values
Pitch 0.5
Dpad 0.27 mm
0.35 mm typ. (depends on the soldermask
Dsm ) .
registration tolerance)
Solder paste 0.27 mm aperture diameter.

Non-solder mask defined (NSMD) pads are recommended.
4 to 6 mils solder paste screen printing process.

3
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Device marking for UFBGA169

The following figure gives an example of topside marking orientation versus ball A1 identifier
location.

Other optional marking or inset/upset marks, which depend on assembly location, are not
indicated below.

Figure 97. UFBGA169 marking example (package top view)

Ball A1
identifier~

STM32F

Product
identification

A

\U29ATHE

Date code = Year + week

Y Www

> /4 )

1. Parts marked as “ES”, “E” or accompanied by an Engineering Sample notification letter, are not yet
qualified and therefore not yet ready to be used in production and any consequences deriving from such
usage will not be at ST charge. In no event, ST will be liable for any customer usage of these engineering
samples in production. ST Quality has to be contacted prior to any decision to use these Engineering
Samples to run qualification activity.

| _Revision

/ code

MS19046V3

3
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7.7 UFBGA176+25 package information

Figure 98. UFBGA176+25 - ball 10 x 10 mm, 0.65 mm pitch ultra thin fine pitch
ball grid array package outline

220/239
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1. Drawing is not to scale.
Table 118. UFBGA176+25 - ball, 10 x 10 mm, 0.65 mm pitch,
ultra fine pitch ball grid array package mechanical data
millimeters inches(")
Symbol
Min. Typ. Max. Min. Typ. Max.
A - - 0.600 - - 0.0236
A1 - - 0.110 - - 0.0043
A2 - 0.130 - - 0.0051 -
A3 - 0.450 - - 0.0177 -
A4 - 0.320 - - 0.0126 -
0.240 0.290 0.340 0.0094 0.0114 0.0134
D 9.850 10.000 10.150 0.3878 0.3937 0.3996
D1 - 9.100 - - 0.3583 -
E 9.850 10.000 10.150 0.3878 0.3937 0.3996
E1 - 9.100 - - 0.3583 -
e - 0.650 - - 0.0256 -
4 - 0.450 - - 0.0177 -
ddd - - 0.080 - - 0.0031
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Table 118. UFBGA176+25 - ball, 10 x 10 mm, 0.65 mm pitch,
ultra fine pitch ball grid array package mechanical data (continued)

millimeters inches(")
Symbol
Min. Typ. Max. Min. Typ. Max.
eee - - 0.150 - - 0.0059
fff - - 0.050 - - 0.0020

1. Values in inches are converted from mm and rounded to 4 decimal digits.

Figure 99. UFBGA176+25-ball, 10 x 10 mm, 0.65 mm pitch, ultra fine pitch
ball grid array package recommended footprint
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0000 000
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0000 00000 0000
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0000 O0000 0000
0000 0000
0000000000000 00
000000000000000
0000000000000 00
0000000000000 00

AOE7_FP_V1

Table 119. UFBGA176+25 recommended PCB design rules (0.65 mm pitch BGA)

Dimension Recommended values
Pitch 0.65 mm
Dpad 0.300 mm
Dsm 0.400 mm typ. (depends on the soldermask

registration tolerance)

Stencil opening

0.300 mm

Stencil thickness

Between 0.100 mm and 0.125 mm

Pad trace width

0.100 mm

3
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Device marking for UFBGA176+25

The following figure gives an example of topside marking orientation versus ball A1 identifier

location.

Other optional marking or inset/upset marks, which depend on assembly location, are not

indicated below.

Figure 100. UFBGA176+25 marking example (package top view)
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Revision code
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1. Parts marked as “ES”, “E” or accompanied by an Engineering Sample notification letter, are not yet

qualified and therefore not yet ready to be used in production and any consequences deriving from such
usage will not be at ST charge. In no event, ST will be liable for any customer usage of these engineering
samples in production. ST Quality has to be contacted prior to any decision to use these Engineering
Samples to run qualification activity.
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7.8

TFBGA216 package information

Figure 101. TFBGA216 - 216 ball 13 x 13 mm 0.8 mm pitch thin fine pitch

ball grid array package outline
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1.

Drawing is not to scale.

Table 120. TFBGA216 - 216 ball 13 x 13 mm 0.8 mm pitch thin fine pitch ball grid array
package mechanical data

millimeters inches(!)
Symbol

Min Typ Max Min Typ Max
A - - 1.100 - - 0.0433
A1 0.150 - - 0.0059 - -
A2 - 0.760 - - 0.0299 -

0.350 0.400 0.450 0.0138 0.0157 0.0177
D 12.850 13.000 13.150 0.5118 0.5118 0.5177
D1 - 11.200 - - 0.4409 -
E 12.850 13.000 13.150 0.5118 0.5118 0.5177
E1 - 11.200 - - 0.4409 -
e - 0.800 - - 0.0315 -
F - 0.900 - - 0.0354 -
ddd - - 0.100 - - 0.0039
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Table 120. TFBGA216 - 216 ball 13 x 13 mm 0.8 mm pitch thin fine pitch ball grid array
package mechanical data (continued)

millimeters inches("
Symbol
Min Typ Max Min Typ Max
eee - - 0.150 - - 0.0059
fff - - 0.080 - - 0.0031

1. Values in inches are converted from mm and rounded to 4 decimal digits.

Device marking for TFBGA176

The following figure gives an example of topside marking orientation versus ball A1 identifier
location.

Other optional marking or inset/upset marks, which depend on assembly location, are not
indicated below.

Figure 102. TFBGA176 marking example (package top view)
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Parts marked as “ES”, “E” or accompanied by an Engineering Sample notification letter, are not yet
qualified and therefore not yet ready to be used in production and any consequences deriving from such
usage will not be at ST charge. In no event, ST will be liable for any customer usage of these engineering
samples in production. ST Quality has to be contacted prior to any decision to use these Engineering
Samples to run qualification activity.
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7.9 Thermal characteristics

The maximum chip-junction temperature, T ; max, in degrees Celsius, may be calculated
using the following equation:

Ty max = Ty max + (Pp max x ©y,)
Where:

Tp max is the maximum ambient temperature in °C,
O, is the package junction-to-ambient thermal resistance, in ° C/W,
Pp max is the sum of Py max and P, max (Pp max = Pyt max + P,omax),

P \nT max is the product of Ipp and Vpp, expressed in Watts. This is the maximum chip
internal power.

P|;o max represents the maximum power dissipation on output pins where:

Piio max=X (VoL * lo) * Z((Vpp — Von) * lon),

taking into account the actual Vg / I and Vgy / Ioy of the 1/Os at low and high level in the
application.

Table 121. Package thermal characteristics

Symbol Parameter Value Unit

Thermal resistance junction-ambient

LQFP100 - 14 x 14 mm / 0.5 mm pitch 43

Thermal resistance junction-ambient 312
WLCSP143 ’

Thermal resistance junction-ambient 40

LQFP144 - 20 x 20 mm / 0.5 mm pitch

Thermal resistance junction-ambient 38

LQFP176 - 24 x 24 mm / 0.5 mm pitch
A °CIW
Thermal resistance junction-ambient

LQFP208 - 28 x 28 mm / 0.5 mm pitch 19
Thermal resistance junction-ambient 52
UFBGA169 - 7 x 7mm / 0.5 mm pitch

Thermal resistance junction-ambient 39
UFBGA176 - 10x 10 mm / 0.5 mm pitch

Thermal resistance junction-ambient 29

TFBGA216 - 13 x 13 mm / 0.8 mm pitch

Reference document

JESDS51-2 Integrated Circuits Thermal Test Method Environment Conditions - Natural
Convection (Still Air). Available from www.jedec.org.

3
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8 Part numbering

Table 122. Ordering information scheme
Example: STM32 F 429V | T 6 xxx

Device family
STM32 = Arm-based 32-bit microcontroller

Product type

F = general-purpose

Device subfamily

427= STM32F427xx, USB OTG FS/HS, camera interface,
Ethernet

429= STM32F429xx, USB OTG FS/HS, camera interface,
Ethernet, LCD-TFT

Pin count

V =100 pins

Z =143 and 144 pins
A =169 pins

| =176 pins

B =208 pins

N =216 pins

Flash memory size

E = 512 Kbytes of Flash memory
G = 1024 Kbytes of Flash memory
| = 2048 Kbytes of Flash memory

Package
T =LQFP
H=BGA
Y = WLCSP

Temperature range

6 = Industrial temperature range, —40 to 85 °C.
7 = Industrial temperature range, —40 to 105 °C.

Options

XXx = programmed parts
TR = tape and reel

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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Recommendations when using internal reset OFF

Appendix A Recommendations when using internal reset

A1

3

OFF

When the internal reset is OFF, the following integrated features are no longer supported:
The integrated power-on reset (POR) / power-down reset (PDR) circuitry is disabled.

The brownout reset (BOR) circuitry must be disabled.

The embedded programmable voltage detector (PVD) is disabled.
Vgat functionality is no more available and VBAT pin should be connected to Vpp.
The over-drive mode is not supported.

Operating conditions

Table 123. Limitations depending on the operating power supply range

Maximum
Flash
Operating memory Maximum Flash Possible Flash
power ADC access memory access .
. - 1/0 operation memory
supply operation frequency frequency with oberations
range with no wait | wait states (12 P
states
(friashmax)
Vpp =1.7 to C.onverS|on @ 16§ MHz with 8 | No I/O 8-bit erase and
210G time up to 20 MHz wait states and compensation program
’ 1.2 Msps over-drive OFF operations only

Applicable only when the code is executed from Flash memory. When the code is executed from RAM, no

wait state is required.

Thanks to the ART accelerator and the 128-bit Flash memory, the number of wait states given here does
not impact the execution speed from Flash memory since the ART accelerator allows to achieve a
performance equivalent to 0 wait state program execution.

Vpp/Vppa minimum value of 1.7 V, with the use of an external power supply supervisor (refer to
Section 3.17.1: Internal reset ON).

Prefetch is not available. Refer to AN3430 application note for details on how to adjust performance and

power.
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Appendix B  Application block diagrams

B.1 USB OTG full speed (FS) interface solutions

Figure 103. USB controller configured as peripheral-only and used
in Full speed mode

Voo
5V to Vpp
Volatge regulator (1)
STM32F4xx
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! n
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MS19000V5

External voltage regulator only needed when building a Vgg powered device.

2. The same application can be developed using the OTG HS in FS mode to achieve enhanced performance
thanks to the large Rx/Tx FIFO and to a dedicated DMA controller.

Figure 104. USB controller configured as host-only and used in full speed mode

Vob
EN
GPIO Current Ii'miteq 5V Pur
Overcurrent power switch
GPIO+IRQ
STM32F4xx

VBUS 5
3
DM <
OSC_IN PA11//PB14 :
DP] <«
o PA12/PB15 3
V, (7]

ss
—I_— OSC_OouT ;
-

MS19001V4

1. The current limiter is required only if the application has to support a Vgyg powered device. A basic power
switch can be used if 5 V are available on the application board.

2. The same application can be developed using the OTG HS in FS mode to achieve enhanced performance
thanks to the large Rx/Tx FIFO and to a dedicated DMA controller.

3
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Figure 105. USB controller configured in dual mode and used in full speed mode

Voo
5V to Vpp
voltage regulatorm
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External voltage regulator only needed when building a Vgys powered device.

2. The current limiter is required only if the application has to support a Vg5 powered device. A basic power
switch can be used if 5 V are available on the application board.

The ID pin is required in dual role only.

The same application can be developed using the OTG HS in FS mode to achieve enhanced performance
thanks to the large Rx/Tx FIFO and to a dedicated DMA controller.
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B.2 USB OTG high speed (HS) interface solutions

Figure 106. USB controller configured as peripheral, host, or dual-mode
and used in high speed mode

STM32F4xx
1 pp
< N FS PHY not connected
usB Hs \—1] 1 PM
OTG Ctrl —
DP
ULPI_CLK o
ULPI_D[7:0] )
> ID
ULPI_DIR USB
ULPI :ULPI STP Veus connector
L > — > v
ULPI_NXT SS
High speed
OTG PHY —
S e RN B xi .
' <—] PLL '
! []24 or 26 MHz XT™ !
' MCO1 or MCO2 XI :

--------------------------------------------- MS19005V2

1. ltis possible to use MCO1 or MCO2 to save a crystal. It is however not mandatory to clock the STM32F42x
with a 24 or 26 MHz crystal when using USB HS. The above figure only shows an example of a possible
connection.

2. The ID pin is required in dual role only.

3

230/239 DoclD024030 Rev 10




STM32F427xx STM32F429xx Application block diagrams

B.3 Ethernet interface solutions
Figure 107. MIl mode using a 25 MHz crystal
STM32
MII_TX_CLK
MCU < == A
Ethernet MIL_TX_EN \ Ethernet
MAC 10/100 MIl_TXD(3:0] PHY 10/100
MII_CRS Ml
MII_COL =15 pins
1
HCLK(h—» . |mi_Rx_cik MIl + MDC
_ MII_RXDI[3:0] =17 pins
, IEEE1588 PTP MII_RX_DV
Timer MII_RX_ER
o ) /
Imestam
TIM2} ¢ comparatgr mglé) > D
PPS_OUT(2)
XTAL —L] PLL HCLK
25 MHz== OISC = MCOtMCO2 _|PHY CLK25MHz |
MS19968V1
1. fhcLk must be greater than 25 MHz.
2. Pulse per second when using IEEE1588 PTP optional signal.
Figure 108. RMII with a 50 MHz oscillator
TM32
S 3 Ethernet
PHY 10/100
MCU RMII_TX_EN
Ethernet
P RMII_RXDI[1:0 RMII
HCLK(1)—» 10 =7 pins
‘ RMII_CRX_DV RMIl + MDC
RMII_REF_CLK =9 pins
IEEE1588 PTP B
Tim(—i\r MDIO >
Inpu
i - MDC
trigger| Timestam
TIM2 < comparatgr /
< /20r/20 |g
2.5 or 25 MHz synchronous| 50 MHz
0SC o| PLL HCLK
50 MHz
PHY_CLK 150 MHz| XT1 50 MHz
MS19969V1
1. fycLk must be greater than 25 MHz.
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Figure 109. RMIl with a 25 MHz crystal and PHY with PLL

STM32F Ethernet
PHY 10/100
MCU RMII_TX_EN < =
Ethernet ‘. :
MAC 10/100 RMII_TXD[1:0] ! !
RMII_RXD[1:0 ! !
HCLK(1)—» _RXD[1:0] M|
RMII_CRX_DV |=7pins |
RMII_REF_CLK REF_CLK : RMII + MDA
IEEE1588 PTP > = 9 pins
Timer . MDIO - ! p
input MDC .
trigger| Timestam h
TIM2 comparatgr 7

»
>

< /2 or /20
2.5 or 25 MHz|synchronous| 50 MHz
XTAL 0s3 PLL HCLK PLL
25 MH% MCO1/MCO2 PHY_CLK 25 MHz| XT1

MS19970V1

1. fhcLk must be greater than 25 MHz.
2. The 25 MHz (PHY_CLK) must be derived directly from the HSE oscillator, before the PLL block.
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9 Revision history

Table 124. Document revision history

Date

Revision

Changes

19-Mar-2013

1

Initial release.

10-Sep-2013

Added STM32F429xx part numbers and related informations.
STM32F427xx part numbers:

Replaced FSMC by FMC added Chrom-ART Accelerator and SAI
interface.

Increased core, timer, GPIOs, SPI maximum frequencies

Updated Figure 8.Updated Figure 9.

Removed note in Section -: Standby mode.

Updated Figure 18.

Updated Table 10: STM32F427xx and STM32F429xx pin and ball
definitions and Table 12: STM32F427xx and STM32F429xx alternate
function mapping..

Modified Figure 19: Memory map.

Updated Table 17: General operating conditions, Table 18: Limitations
depending on the operating power supply range. Removed note 1 in
Table 22: reset and power control block characteristics. Added

Table 23: Over-drive switching characteristics.

Updated Section : Typical and maximum current consumption,

Table 34: Switching output I/O current consumption, Table 35:
Peripheral current consumption and Section : On-chip peripheral
current consumption.

Updated Table 36: Low-power mode wakeup timings.

Modified Section : High-speed external user clock generated from an
external source, Section : Low-speed external user clock generated
from an external source, and Section 6.3.10: Internal clock source
characteristics.

Updated Table 43: Main PLL characteristics and Table 45: PLLISAI
(audio and LCD-TFT PLL) characteristics.

Updated Table 52: EMI characteristics.

Updated Table 57: Output voltage characteristics and Table 58: I/0 AC
characteristics.

Updated Table 60: TIMx characteristics, Table 61: 2Cc characteristics,
Table 62: SPI dynamic characteristics, Section : SAl characteristics.

Updated Table 102: SDRAM read timings and Table 104: SDRAM write
timings.
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Table 124. Document revision history

Date

Revision

Changes

24-Jan-2014

Added STM32F429xE part numbers featuring 512 Mbytes of Flash
memory and UFBGA169 package.

Added LPSDR SDRAM.

Changed INTN into INTR in Figure 4: STM32F427xx and
STM32F429xx block diagram.

Added note 4 in Table 2: STM32F427xx and STM32F429xx features
and peripheral counts.

Updated Section 3.15: Boot modes.

Updated for PA4 and PAS5 in Table 10: STM32F427xx and
STM32F429xx pin and ball definitions.

Added V for BOOTO pins in Table 14: Voltage characteristics.

Updated Note 6., added Note 7.,and updated maximum Vy for B pins
in Table 17: General operating conditions.

Updated maximum Flash memory access frequency with wait states
for Vpp =1.8 to 2.1 V in Table 18: Limitations depending on the
operating power supply range.

Updated Table 24: Typical and maximum current consumption in Run
mode, code with data processing running from Flash memory (ART
accelerator enabled except prefetch) or RAM and Table 25: Typical
and maximum current consumption in Run mode, code with data
processing running from Flash memory (ART accelerator disabled).

Updated Table 30: Typical current consumption in Run mode, code
with data processing running from Flash memory or RAM, regulator
ON (ART accelerator enabled except prefetch), VDD=1.7 V, Table 31:
Typical current consumption in Run mode, code with data processing
running from Flash memory, regulator OFF (ART accelerator enabled
except prefetch), and Table 32: Typical current consumption in Sleep
mode, regulator ON, VDD=1.7 V.

Updated Table 57: Output voltage characteristics.

Updated Table 58: I/0O AC characteristics. Added Figure 35.

Updated th(SDA)! tr(SDA) and tr(SCL) and added tsp in Table 61: /2C
characteristics.

Updated fgck in Table 62: SPI dynamic characteristics.

Updated Table 70: Dynamic characteristics: USB ULPI.

Updated Section 6.3.26: FMC characteristics conditions. Updated
Figure 73: SDRAM read access waveforms (CL = 1) and Figure 74:
SDRAM write access waveforms. Added Table 103: LPSDR SDRAM
read timings and Table 105: LPSDR SDRAM write timings. Updated
Table 102: SDRAM read timings and Table 104: SDRAM write timings
and added note 2.Table 108: Dynamic characteristics: SD / MMC
characteristics.
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Table 124. Document revision history

Date

Revision

Changes

24-Apr-2014

In the whole document, minimum supply voltage changed to 1.7 V
when external power supply supervisor is used.

Added DCMI_VSYNC alternate function on PG9 and updated note 6.
in Table 10: STM32F427xx and STM32F429xx pin and ball definitions
and Table 12: STM32F427xx and STM32F429xx alternate function
mapping. Added note 2.belowFigure 16: STM32F42x UFBGA169
ballout.

Changed SVGA (800x600) into XGA1024x768) on cover page and in
Section 3.10: LCD-TFT controller (available only on STM32F429xx).
Updated Section 3.18.2: Regulator OFF.

Updated signal corresponding to pin L5 in Figure 12: STM32F42x
WLCSP143 ballout.

Added ACCygg in Table 39: HSE 4-26 MHz oscillator characteristics
and ACC g in Table 40: LSE oscillator characteristics (fLSE = 32.768
kHz).

Updated Table 53: ESD absolute maximum ratings.

Updated V, in Table 56: I/O static characteristics. Added condition
Vpp>1.7 Vin Table 58: I/O AC characteristics.

Updated conditions in Table 62: SPI dynamic characteristics.

Added Zpry in Table 67: USB OTG full speed electrical characteristics
Removed note 3 in Table 80: Temperature sensor characteristics.
Added Figure 82: LQFP100 marking example (package top view),
Figure 85: WLCSP143 marking example (package top view),

Figure 88: LQFP144 marking example (package top view), Figure 91:
LQFP176 marking (package top view), Figure 94: LQFP208 marking
example (package top view), Figure 97: UFBGA169 marking example
(package top view) and Figure 100: UFBGA176+25 marking example
(package top view).

Added Appendix A: Recommendations when using internal reset OFF.
Removed Internal reset OFF hardware connection appendix.
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Table 124. Document revision history

Date

Revision

Changes

19-Feb-2015

Update SPI/IS2 in Table 2: STM32F427xx and STM32F429xx features
and peripheral counts.

Updated LQFP208 in Table 4: Regulator ON/OFF and internal reset
ON/OFF availability.

Updated Figure 19: Memory map.

Changed PLS[2:0]=101 (falling edge) maximum value in Table 22:
reset and power control block characteristics.

Updated current consumption with all peripherals disabled in Table 24:
Typical and maximum current consumption in Run mode, code with
data processing running from Flash memory (ART accelerator
enabled except prefetch) or RAM. Updated note 1. in Table 28: Typical
and maximum current consumptions in Standby mode.

Updated tyyystop in Table 36: Low-power mode wakeup timings.
Updated ESD standards and Table 53: ESD absolute maximum
ratings.

Updated Table 56: I/O static characteristics.

Section : I12C interface characteristics: updated section introduction,
removed Table /12C characteristics, Figure 12C bus AC waveforms and
measurement circuit and Table SCL frequency; added Table 61: 12C
analog filter characteristics.

Updated measurement conditions in Table 62: SPI dynamic
characteristics.

Updated Figure 51: Typical connection diagram using the ADC.
Updated Section : Device marking for LQFP100.

Updated Figure 83: WLCSP143 - 143-ball, 4.521x 5.547 mm, 0.4 mm
pitch wafer level chip scale package outline and Table 111: WLCSP143
- 143-ball, 4.521x 5.547 mm, 0.4 mm pitch wafer level chip scale
package mechanical data; added Figure 84: WLCSP143 - 143-ball,
4.521x 5.547 mm, 0.4 mm pitch wafer level chip scale recommended
footprint and Table 112: WLCSP143 recommended PCB design rules
(0.4 mm pitch). Updated Figure 85: WLCSP143 marking example
(package top view) and related note. Updated Section : Device
marking for WLCSP143.

Updated Section : Device marking for LQFP144.

Updated Section : Device marking for LQFP176.

Updated Figure 92: LQFP208 - 208-pin, 28 x 28 mm low-profile quad
flat package outline; Updated Section : Device marking for LQFP208.
Modified UFBGA169 pitch, updated Figure 95: UFBGA169 - 169-ball 7
x 7. mm 0.50 mm pitch, ultra fine pitch ball grid array package outline
and Table 116: UFBGA169 - 169-ball 7 x 7 mm 0.50 mm pitch, ultra
fine pitch ball grid array package mechanical data; updated Section :
Device marking for LQFP208.

updated Section : Device marking for UFBGA169, Section : Device
marking for UFBGA176+25 and Section : Device marking for
TFBGA176.

Updated Z pin count in Table 122: Ordering information scheme.
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Table 124. Document revision history

Date

Revision

Changes

17-Sep-2015

Updated notes related to the minimum and maximum values
guaranteed by design, characterization or test in production.

Updated Ipp stop upm in Table 27: Typical and maximum current
consumptions in Stop mode.

Removed note related to tests in production in Table 24: Typical and
maximum current consumption in Run mode, code with data
processing running from Flash memory (ART accelerator enabled
except prefetch) or RAM and Table 26: Typical and maximum current
consumption in Sleep mode.

Updated Table 41: HSI oscillator characteristics. Figure 31 renamed
ACCHSI accuracy versus temperature and updated.

Updated Figure 38: SPI timing diagram - slave mode and CPHA = 0.
Updated Section : Ethernet characteristics.

Updated Table 43: Main PLL characteristics, Table 44: PLLI2S (audio
PLL) characteristics and Table 45: PLLISAI (audio and LCD-TFT PLL)
characteristics.

Removed note 1 in Table 75: ADC static accuracy at fADC = 18 MHz,
Table 76: ADC static accuracy at fADC = 30 MHz and Table 77: ADC
static accuracy at fADC = 36 MHz.

Updated td(SDCLKL _Data) and th(SDCLKL _Data) in Table 104: SDRAM
write timings.

Added Figure 96: UFBGA169 - 169-ball, 7 x 7 mm, 0.60 mm pitch, ultra
fine pitch ball grid array recommended footprint and Table 117:
UFBGA169 recommended PCB design rules (0.5 mm pitch BGA).
Added Figure 99: UFBGA176+25-ball, 10 x 10 mm, 0.65 mm pitch,
ultra fine pitch ball grid array package recommended footprint and
Table 119: UFBGA176+25 recommended PCB design rules (0.65 mm
pitch BGA).

30-Nov-2015

Updated |Vggx Vssl in Table 14: Voltage characteristics to add VRgg..
Updated td(TXEN) and td(TXD) minimum value in Table 72: Dynamics
characteristics: Ethernet MAC signals for RMIl and Table 73: Dynamics
characteristics: Ethernet MAC signals for MII.

Added VRgg. in Table 74: ADC characteristics.

Added A1 minimum and maximum values in Table 111: WLCSP143 -
143-ball, 4.521x 5.547 mm, 0.4 mm pitch wafer level chip scale
package mechanical data. Updated Figure 86: LQFP144-144-pin, 20 x
20 mm low-profile quad flat package outline.

Updated Figure 98: UFBGA176+25 - ball 10 x 10 mm, 0.65 mm pitch
ultra thin fine pitch ball grid array package outline and Table 118:
UFBGA176+25 - ball, 10 x 10 mm, 0.65 mm pitch, ultra fine pitch ball
grid array package mechanical data. Updated Figure 101: TFBGA216 -
216 ball 13 x 13 mm 0.8 mm pitch thin fine pitch ball grid array
package outline and Table 120: TFBGA216 - 216 ball 13 x 13 mm

0.8 mm pitch thin fine pitch ball grid array package mechanical data.

21-Jan-2016

Updated Figure 22: Power supply scheme.

Added tyxp) values corresponding to 1.71V < Vpp <3.6 Vin
Table 72: Dynamics characteristics: Ethernet MAC signals for RMII.
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Table 124. Document revision history

Date Revision Changes

Updated Figure 1: Compatible board design

STM32F 10xx/STM32F2xx/STM32F4xx for LQFP100 package.
Added mission profile compliance with JEDEC JESDA47 in
Section 6.2: Absolute maximum ratings.

Changed Figure 31 HSI deviation versus temperature to ACCHSI
versus temperature.

Updated R pap in Table 85: DAC characteristics.

Added note 2. related to the position of the 0.1 uF capacitor below
Figure 37: Recommended NRST pin protection.

18-Jul-2016 9 Updated Figure 40: SPI timing diagram - master mode.

Added reference to optional marking or inset/upset marks in all
package device marking sections. Updated Figure 85: WLCSP143
marking example (package top view), Figure 88: LQFP144 marking
example (package top view), Figure 91: LQFP176 marking (package
top view), Figure 94: LQFP208 marking example (package top view).

Updated Figure 98: UFBGA176+25 - ball 10 x 10 mm, 0.65 mm pitch
ultra thin fine pitch ball grid array package outline and Table 118:
UFBGA176+25 - ball, 10 x 10 mm, 0.65 mm pitch, ultra fine pitch ball
grid array package mechanical data.

Updated Arm wordmark and added Arm logo in Section 2: Description.
Updated LDC-TFT feature on cover page.

Updated Table 24: Typical and maximum current consumption in Run
mode, code with data processing running from Flash memory (ART
19-Jan-2018 10 accelerator enabled except prefetch) or RAM and Table 26: Typical
and maximum current consumption in Sleep mode.

Rapc minimum value added in Table 74: ADC characteristics.

LTDC clock output frequency changed to 83 MHz in Table 107: LTDC
characteristics.
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IMPORTANT NOTICE - PLEASE READ CAREFULLY

STMicroelectronics NV and its subsidiaries (“ST”) reserve the right to make changes, corrections, enhancements, modifications, and
improvements to ST products and/or to this document at any time without notice. Purchasers should obtain the latest relevant information on
ST products before placing orders. ST products are sold pursuant to ST’s terms and conditions of sale in place at the time of order
acknowledgement.

Purchasers are solely responsible for the choice, selection, and use of ST products and ST assumes no liability for application assistance or
the design of Purchasers’ products.

No license, express or implied, to any intellectual property right is granted by ST herein.

Resale of ST products with provisions different from the information set forth herein shall void any warranty granted by ST for such product.

ST and the ST logo are trademarks of ST. All other product or service names are the property of their respective owners.

Information in this document supersedes and replaces information previously supplied in any prior versions of this document.

© 2018 STMicroelectronics — All rights reserved
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