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Core: ARM® 32-bit Cortex®-M4 CPU (72 MHz
max), single-cycle multiplication and HW
division, DSP instruction with FPU (floating-
point unit) and MPU (memory protection unit)

1.25 DMIPS/MHz (Dhrystone 2.1)
Memories
— 256 Kbytes of Flash memory
— 32 Kbytes of SRAM with HW parity check
CRC calculation unit
Reset and power management
— Supply: Vpp=1.8V + 8%,
VDDA= 165-36V
— External POR pin
— Low power modes: Sleep and Stop
Clock management
— 4 to 32 MHz crystal oscillator
— 32 kHz oscillator for RTC with calibration
— Internal 8 MHz RC with x16 PLL option
— Internal 40 kHz oscillator
Up to 84 fast I/Os
— All mappable on external interrupt vectors
— Up to 45 1/Os with 5 V tolerant capability
12-channel DMA controller
One 12-bit, 1.0 ys ADC (up to 16 channels)
— Conversionrange: 0to 3.6 V
— Separate analog supply from 2.4 up to 3.6
Up to three 16-bit Sigma Delta ADC
— Separate analog supply from 2.2 t0 3.6 V,
up to 21 single/ 11 diff channels
Up to three 12-bit DAC channels
— Separate analog supply from 2.2 to 3.6 V
Two fast rail-to-rail analog comparators with

programmable input and output with analog
supply from 1.65t0 3.6 V

Up to 24 capacitive sensing channels
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LQFP64 (10 x 10mm)  (0.400 mm) (7 x 7 mm)
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e 17 timers

— Two 32-bit timers and three 16-bit timers
with up to 4 IC/OC/PWM or pulse counters

— Two 16-bit timers with up to 2 IC/OC/PWM
or pulse counters

— Four 16-bit timers with up to 1 IC/OC/PWM
or pulse counter

— Independent and system watchdog timers
— SysTick timer: 24-bit down counter
— Three 16-bit basic timers to drive the DAC

e Calendar RTC with Alarm and periodic wakeup

from Stop

e Communication interfaces

— CAN interface (2.0B Active)

- Two I’Cs supporting Fast Mode Plus
(1 Mbit/s) with 20 mA current sink,
SMBus/PMBus, wakeup from STOP

— Three USARTSs supporting synchronous
mode, modem control, ISO/IEC 7816, LIN,
IrDA, auto baud rate, wakeup feature

— Three SPIs (18 Mbit/s) with 4 to 16
programmable bit frames, muxed 12S

— HDMI-CEC bus interface

e Serial wire devices, JTAG, Cortex®-M4 ETM
e 96-bit unique ID

Table 1. Device summary

Reference Part numbers

STM32F378CC, STM32F378RC,

STM32F378xx | g1\32F378vC
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STM32F378xx Introduction

1 Introduction

This datasheet provides the ordering information and mechanical device characteristics of
the STM32F378xx microcontrollers.

This STM32F378xx datasheet should be read in conjunction with the RM0313 reference
manual. The reference manual is available from the STMicroelectronics website
www.st.com.

For information on the Cortex®-M4 with FPU core, please refer to:

e  Cortex®-M4 with FPU Technical Reference Manual, available from www.arm.com.

e STM32F3xxx and STM32F4xxx Cortex®-M4 programming manual (PM0214) available
from www.st.com.

Cortex

Intelligent Processors by ARM®

o
o
oc
w
=
o
a
|
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Description

The STM32F378xx family is based on the high-performance ARM® Cortex®-M4 32-bit RISC
core operating at a frequency of up to 72 MHz, and embedding a floating point unit (FPU), a
memory protection unit (MPU) and an Embedded Trace Macrocell™ (ETM). The family
incorporates high-speed embedded memories (up to 256 Kbyte of Flash memory, up to

32 Kbytes of SRAM), and an extensive range of enhanced I/Os and peripherals connected
to two APB buses.

The STM32F378xx devices offer one fast 12-bit ADC (1 Msps), up to three 16-bit Sigma
delta ADCs, up to two comparators, up to two DACs (DAC1 with 2 channels and DAC2 with
1 channel), a low-power RTC, 9 general-purpose 16-bit timers, two general-purpose 32-bit
timers, three basic timers.

They also feature standard and advanced communication interfaces: up to two 12Cs, three
SPls, all with muxed 12Ss, three USARTs and CAN.

The STM32F378xx family operates in the -40 to +85 °C and -40 to +105 °C temperature
ranges from a 1.8 V + 8% power supply. A comprehensive set of power-saving mode allows
the design of low-power applications.

The STM32F378xx family offers devices in five packages ranging from 48 pins to 100 pins.
The set of included peripherals changes with the device chosen.

3
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STM32F378xx Description
Table 2. Device overview
Peripheral STM32F STM32F STM32F
P 378Cx 378Rx 378Vx

Flash (Kbytes) 256
SRAM (Kbytes) 32

General 9 (16-bit)
Timers purpose 2 (32 bit)

Basic 3 (16-bit)

SPI/12S 3

2
Comm. I=C 2
interfaces USART 3

CAN 1
Capacitive sensing 14 17 24
channels
12-bit ADCs 1
16-bit ADCs Sigma- Delta 3
12-bit DACs outputs 3
Analog comparator 2
Max. CPU frequency 72 MHz
Main operating voltage 1.8V +/- 8%
16-bit SDADC operating voltage 22t036V

Ambient operating temperature:
Operating temperature 401085°C/401t0105°C
P 9 P Junction temperature:
401t0 105°C/40to 125 °C
LQFP64, LQFP100,
Packages LQFP48 WLCSP66 UFBGA100
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Figure 1. Block diagram
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3.1

3.2

3

Functional overview

ARM® Cortex®-M4 core with embedded Flash and SRAM

The ARM Cortex-M4 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 32-bit RISC processor 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 speeds up software development by using metalanguage
development tools, while avoiding saturation.

With its embedded ARM core, the STM32F378xx family is compatible with all ARM tools
and software.

Figure 1 shows the general block diagram of the STM32F378xx family.

Memory protection unit

The memory protection unit (MPU) is used to separate the processing of tasks from the data
protection. The MPU can manage up to 8 protection areas that can all be further divided up
into 8 subareas. The protection area sizes are between 32 bytes and the whole 4 gigabytes
of addressable memory.

The memory protection unit 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.

The Cortex-M4 processor is a high performance 32-bit processor designed for the
microcontroller market. It offers significant benefits to developers, including:

e  Outstanding processing performance combined with fast interrupt handling

e Enhanced system debug with extensive breakpoint and trace capabilities

e Efficient processor core, system and memories

e Ultralow power consumption with integrated sleep modes

e  Platform security robustness with optional integrated memory protection unit (MPU).

With its embedded ARM core, the STM32F378xx devices are compatible with all ARM
development tools and software.
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Embedded Flash memory

All STM32F378xx devices feature up to 256 Kbytes of embedded Flash memory available

for storing programs and data. The Flash memory access time is adjusted to the CPU clock
frequency (0 wait state from 0 to 24 MHz, 1 wait state from 24 to 48 MHz and 2 wait states
above).

Cyclic redundancy check (CRC) calculation unit

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

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

Embedded SRAM

All STM32F378xx devices feature up to 32 Kbytes of embedded SRAM with hardware parity
check. The memory can be accessed in read/write at CPU clock speed with 0 wait states.

Boot modes

At startup, BootO pin and Boot1 option bit are used to select one 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 by
using USART1 (PA9/PA10), USART2 (PD5/PD6) or 12C (PB6/PB7).

Power management

Power supply schemes

e  Vpp:external power supply for I/Os and core. It is provided externally through Vpp pins,
and can be 1.8V +/- 8%.

L] VDDA =165t03.6V:
— external analog power supplies for Reset blocks, RCs and PLL

—  supply voltage for 12-bit ADC, DACs and comparators (minimum voltage to be
applied to Vppp is 2.4 V when the 12-bit ADC and DAC are used).

e  Vppspi2 and Vppsps = 2.2 to 3.6 V: supply voltages for SDADC1/2 and SDADCD3
sigma delta ADCs. Independent from Vpp/Vppa.

e Vpar = 1.65 to 3.6 V: power supply for RTC, external clock 32 kHz oscillator and
backup registers when Vpp is not present.
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3.7.2

3.7.3

3.8

3.9

3

Power supply supervisor

Device power on reset is controlled through the external NPOR pin. The device remains in
reset mode when NPOR is held low. NPOR pin has an internal pull-up resistor so the
external driver can be open drain type.

To guarantee a proper power-on reset, the NPOR pin must be held low until Vpp is stable.

When Vpp is stable, the reset state can be exited by:
e either putting the NPOR pin in high impedance. NPOR pin has an internal pull up.
e orforcing the pin to high level by connecting it to Vppa.

Low-power modes

The STM32F378xx supports two low-power modes to achieve the best compromise
between low power consumption, short startup time and available wakeup sources:

e 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.

e Stop mode

Stop mode achieves the lowest power consumption while retaining the content of
SRAM and registers. All clocks in the 1.8 V domain are stopped, the PLL, the HSI RC
and the HSE crystal oscillators are disabled.

The device can be woken up from Stop mode by any of the EXTI line. The EXTI line
source can be one of the 16 external lines, the PVD output, the USARTSs, the 12Cs, the
CEC the COMPx and the RTC alarm.

Clocks and startup

System clock selection is performed on startup, however the internal RC 8 MHz oscillator is
selected as default CPU clock on reset. An external 4-32 MHz clock can be selected, in
which case it is monitored for failure. If failure is detected, the system automatically switches
back to the internal RC oscillator. A software interrupt is generated if enabled. Similarly, full
interrupt management of the PLL clock entry is available when necessary (for example with
failure of an indirectly used external oscillator).

Several prescalers allow to configure the AHB frequency, the high speed APB (APB2) and
the low speed APB (APB1) domains. The maximum frequency of the AHB and the high
speed APB domains is 72 MHz, while the maximum allowed frequency of the low speed
APB domain is 36 MHz.

General-purpose input/outputs (GPIOs)

Each of the GPIO pins can be configured by software as output (push-pull or open-drain), as
input (with or without pull-up or pull-down) or as peripheral alternate function. Most of the
GPIO pins are shared with digital or analog alternate functions. All GPIOs are high current
capable except for analog inputs.

The 1/Os alternate function configuration can be locked if needed following a specific
sequence in order to avoid spurious writing to the 1/Os registers.
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3.1

3.11.1

3.11.2
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Do not reconfigure GPIO pins which are not present on 48 and 64 pin packages to the
analog mode. Additional current consumption in the range of tens of pA per pin can be
observed if VDDA is hlgher than VDDIO'

Direct memory access (DMA)

The flexible 12-channel, general-purpose DMA is able to manage memory-to-memory,
peripheral-to-memory and memory-to-peripheral transfers. The DMA controller supports
circular buffer management, avoiding the generation of interrupts when the controller
reaches the end of the buffer.

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

The two DMAs can be used with the main peripherals: SPIs, [12Cs, USARTs, DACs, ADC,
SDADCs, general-purpose timers.

Interrupts and events

Nested vectored interrupt controller (NVIC)

The STM32F378xx devices embed a nested vectored interrupt controller (NVIC) able to
handle up to 60 maskable interrupt channels and 16 priority levels.

The NVIC benefits are the following:

e  Closely coupled NVIC gives low latency interrupt processing

e Interrupt entry vector table address passed directly to the core

e Closely coupled NVIC core interface

e Allows early processing of interrupts

e  Processing of late arriving higher priority interrupts

e  Support for tail chaining

e  Processor state automatically saved

e Interrupt entry restored on interrupt exit with no instruction overhead

The NVIC hardware block provides flexible interrupt management features with minimal
interrupt latency.

Extended interrupt/event controller (EXTI)

The extended interrupt/event controller consists of 29 edge detector lines used to generate
interrupt/event requests and wake-up the system. 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 clock period. Up to 84
GPIOs can be connected to the 16 external interrupt lines.

3
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3.12

3.12.1

3.12.2

3.12.3

3

12-bit analog-to-digital converter (ADC)

The 12-bit analog-to-digital converter is based on a successive approximation register
(SAR) architecture. It has up to 16 external channels (AIN15:0) and 3 internal channels
(temperature sensor, voltage reference, Vgat voltage measurement) performing
conversions in single-shot or scan modes. In scan mode, automatic conversion is performed
on a selected group of analog inputs.

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.

The events generated by the timers (TIMx) can be internally connected to the ADC start and
injection trigger, respectively, to allow the application to synchronize A/D conversion and
timers.

Temperature sensor

The temperature sensor (TS) generates a voltage Vgensg that varies linearly with
temperature.

The temperature sensor is internally connected to the ADC_IN16 input channel which is
used to convert the sensor output voltage into a digital value.

The sensor provides good linearity but it has to be calibrated to obtain good overall
accuracy of the temperature measurement. As the offset of the temperature sensor varies
from chip to chip due to process variation, the uncalibrated internal temperature sensor is
suitable for applications that detect temperature changes only.

To improve the accuracy of the temperature sensor measurement, each device is
individually factory-calibrated by ST. The temperature sensor factory calibration data are
stored by ST in the system memory area, accessible in read-only mode. See Table 64:
Temperature sensor calibration values on page 103.

Internal voltage reference (VrggiNT)

The internal voltage reference (VregnT) Provides a stable (bandgap) voltage output for the
ADC and Comparators. VgggnT IS internally connected to the ADC_IN17 input channel. The
precise voltage of VggrnT is individually measured for each part by ST during production
test and stored in the system memory area. It is accessible in read-only mode.

Vgat battery voltage monitoring

This embedded hardware feature allows the application to measure the Vg1 battery voltage
using the internal ADC channel ADC_IN18. As the Vgt Vvoltage may be higher than Vppa,
and thus outside the ADC input range, the Vgar pin is internally connected to a divider by 2.
As a consequence, the converted digital value is half the Vgat voltage.
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16-bit sigma delta analog-to-digital converters (SDADC)

Up to three 16-bit sigma-delta analog-to-digital converters are embedded in the
STM32F378xx. They have up to two separate supply voltages allowing the analog function
voltage range to be independent from the STM32F378xx power supply. They share up to 21
input pins which may be configured in any combination of single-ended (up to 21) or
differential inputs (up to 11).

The conversion speed is up to 16.6 ksps for each SDADC when converting multiple
channels and up to 50 ksps per SDADC if single channel conversion is used. There are two
conversion modes: single conversion mode or continuous mode, capable of automatically
scanning any number of channels. The data can be automatically stored in a system RAM
buffer, reducing the software overhead.

A timer triggering system can be used in order to control the start of conversion of the three
SDADCs and/or the 12-bit fast ADC. This timing control is very flexible, capable of triggering
simultaneous conversions or inserting a programmable delay between the ADCs.

Up to two external reference pins (VREFSD+, VREFSD-) and an internal 1.2/1.8 V
reference can be used in conjunction with a programmable gain (x0.5 to x32) in order to
fine-tune the input voltage range of the SDADC. VREFSD - pin is used as negative signal
reference in case of single-ended input mode.

Digital-to-analog converter (DAC)

The devices feature up to two 12-bit buffered DACs with three output channels that can be
used to convert three digital signals into three analog voltage signal outputs. The internal
structure is composed of integrated resistor strings and an amplifier in inverting
configuration.
This digital Interface supports the following features:
e Up to two DAC converters with three output channels:
—  DAC1 with two output channels
— DAC2 with one 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 (DAC1 only)
e  Triangular wave generation (DAC1 only)
e Dual DAC channel independent or simultaneous conversions (DAC1 only)
e  DMA capability for each channel
e  External triggers for conversion

3
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3.15

3.16

3

Fast comparators (COMP)

The STM32F378xx embeds up to 2 comparators with rail-to-rail inputs and high-speed
output. The reference voltage can be internal or external (delivered by an 1/0O).

The threshold can be one of the following:
e DACs channel outputs
e  External I/O

e Internal reference voltage (VgrgrinT) OF submultiple (1/4 Vrerint 1/2 VrepinT @nd 3/4
VREFINT)

The comparators can be combined into a window comparator.

Both comparators can wake up the device from Stop mode and generate interrupts and
breaks for the timers.

Touch sensing controller (TSC)

The devices provide a simple solution for adding capacitive sensing functionality to any
application. Capacitive sensing technology is able to detect the presence of a finger near an
electrode which is protected from direct touch by a dielectric (glass, plastic, ...). The
capacitive variation introduced by the finger (or any conductive object) is measured using a
proven implementation based on a surface charge transfer acquisition principle. It consists
of charging the electrode capacitance and then transferring a part of the accumulated
charges into a sampling capacitor until the voltage across this capacitor has reached a
specific threshold. To limit the CPU bandwidth usage this acquisition is directly managed by
the hardware touch sensing controller and only requires few external components to
operate.

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

Up to 24 touch sensing electrodes can be controlled by the TSC. The touch sensing I/Os are
organized in 8 acquisition groups, with up to 4 I/Os in each group.

Table 3. Capacitive sensing GPIOs available on STM32F378xx devices

TSC_G1_l01 PAO TSC_G5_101 PB3
TSC_G1_102 PA1 TSC_G5_102 PB4
1 TSC_G1_103 PA2 ° TSC_G5_103 PB6
TSC_G1_104 PA3 TSC_G5_104 PB7
TSC_G2_101 PA4(") TSC_G6_I01 PB14
) TSC_G2_102 PA5(") . TSC_G6_102 PB15
TSC_G2_103 PA6(") TSC_G6_103 PD8
TSC_G2_104 PA7 TSC_G6_104 PD9
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Table 3. Capacitive sensing GPIOs available on STM32F378xx devices (continued)

TSC_G3_l01 PC4 TSC_G7_IO1 PE2
TSC_G3_102 PC5 TSC_G7_102 PE3
° TSC_G3 103 PBO ! TSC_G7_103 PE4
TSC_G3 104 PB1 TSC_G7_104 PE5
TSC_G4 101 PA9 TSC_G8_IO1 PD12
TSC_G4_102 PA10 TSC_G8_I02 PD13
‘ TSC_G4_103 PA13 ° TSC_G8_103 PD14
TSC_G4_104 PA14 TSC_G8_104 PD15

1. This GPIO offers a reduced touch sensing sensitivity. It is thus recommended to use it as sampling
capacitor 1/0.

Table 4. No. of capacitive sensing channels available on STM32F378xx devices

Number of capacitive sensing channels
Analog 1/0 group
STM32F378Cx STM32F378Rx STM32F378Vx
G1 3 3 3
G2 2 3 3
G3 1 3 3
G4 3 3 3
G5 3 3 3
G6 2 2 3
G7 0 0 3
G8 0 0 3
Vot emeotie | 1 y 2
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3.17 Timers and watchdogs
The STM32F378xx includes two 32-bit and nine 16-bit general-purpose timers, three basic
timers, two watchdog timers and a SysTick timer. The table below compares the features of
the advanced control, general purpose and basic timers.
Table 5. Timer feature comparison
. . Counter Counter | Prescaler | DMArequest Capture/ Complementary
Timer type | Timer . . compare
resolution type factor generation outputs
channels
Any integer
ijir:('a Emg 32-bit L:Jp’ /g‘;‘\’l"vrr;’ between 1 Yes 4 0
purp P and 65536
TIMS, Any integer
Gj:“ir:('e TIM4, 16-bit UUp’ /BZV\X;’ between 1 Yes 4 0
pup TIM19 P and 65536
Any integer
ijirsa,'e TIM12 16-bit Up between 1 No 2 0
purp and 65536
Any integer
Gj:“ir:; TIM15 16-bit Up between 1 Yes 2 1
purp and 65536
Any integer
ijirsa,'e Trllmi’ 16-bit Up between 1 No 1 0
purp and 65536
) Any integer
Gj:“ir:; TTI|'\|\A/|11€;’ 16-bit Up between 1 Yes 1 1
purp and 65536
TIM6, Any integer
Basic TIM7, 16-bit Up between 1 Yes 0 0
TIM18 and 65536
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3.171 General-purpose timers (TIM2 to TIM5, TIM12 to TIM17, TIM19)

There are eleven synchronizable general-purpose timers embedded in the STM32F378xx
(see Table 5 for differences). Each general-purpose timer can be used to generate PWM
outputs, or act as a simple time base.

e TIM2, 3,4,5and 19
These five timers are full-featured general-purpose timers:
— TIM2 and TIM5 have 32-bit auto-reload up/downcounters and 32-bit prescalers
— TIMS, 4, and 19 have 16-bit auto-reload up/downcounters and 16-bit prescalers

These timers all feature 4 independent channels for input capture/output compare,
PWM or one-pulse mode output. They can work together, or with the other general-
purpose timers via the Timer Link feature for synchronization or event chaining.

The counters can be frozen in debug mode.
All have independent DMA request generation and support quadrature encoders.
o TIM12,13, 14, 15, 16, 17
These six timers general-purpose timers with mid-range features:
They have 16-bit auto-reload upcounters and 16-bit prescalers.
TIM12 has 2 channels
TIM13 and TIM14 have 1 channel
TIM15 has 2 channels and 1 complementary channel
— TIM16 and TIM17 have 1 channel and 1 complementary channel

All channels can be used for input capture/output compare, PWM or one-pulse mode
output.

The timers can work together via the Timer Link feature for synchronization or event
chaining. The timers have independent DMA request generation.

The counters can be frozen in debug mode.

3.17.2 Basic timers (TIM6, TIM7, TIM18)

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

3
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3.17.3

3.17.4

3.17.5

3.18

3

Independent watchdog (IWDG)

The independent watchdog is based on a 12-bit downcounter and 8-bit prescaler. It is
clocked from an independent 40 kHz internal RC and as it operates independently from the
main clock, it can operate in Stopmode. 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. The counter
can be frozen in debug mode.

System window watchdog (WWDG)

The system 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 APB1 clock (PCLK1) derived 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
down counter. It features:

e A 24-bit down counter

e  Autoreload capability

e Maskable system interrupt generation when the counter reaches 0

e  Programmable clock source

Real-time clock (RTC) and backup registers

The RTC and the backup registers are supplied through a switch that takes power either
from Vpp supply when present or through the Vgarpin. The backup registers are thirty two
32-bit registers used to store 128 bytes of user application data.

They are not reset by a system or power reset.

The RTC is an independent BCD timer/counter. Its main features are the following:

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

e Automatic correction for 28th, 29th (leap year), 30th and 31st day of the month.

e 2 programmable alarms with wake up from Stop mode capability.

e  Periodic wakeup unit with programmable resolution and period.

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

e Digital calibration circuit with 1 ppm resolution, to compensate for quartz crystal
inaccuracy.

e 3 anti-tamper detection pins with programmable filter. The MCU can be woken up from
Stop mode on tamper event detection.

e Timestamp feature which can be used to save the calendar content. This function can
triggered by an event on the timestamp pin, or by a tamper event. The MCU can be
woken up from Stop mode on timestamp event detection.
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e Reference clock detection: a more precise second source clock (50 or 60 Hz) can be
used to enhance the calendar precision.

The RTC clock sources can be:

e A 32.768 kHz external crystal

e A resonator or oscillator

e  The internal low-power RC oscillator (typical frequency of 40 kHz)

e The high-speed external clock divided by 32

Inter-integrated circuit interface (I2C)

Up to two 12C bus interfaces can operate in multimaster and slave modes. They can support
standard (up to 100 kHz), fast (up to 400 kHz) and fast mode + (up to 1 MHz) modes with
20 mA output drive. They support 7-bit and 10-bit addressing modes, multiple 7-bit slave
addresses (2 addresses, 1 with configurable mask). They also include programmable
analog and digital noise filters.

Table 6. Comparison of I2C analog and digital filters

- Analog filter Digital filter
Pulse width of Programmable length from 1 to 15
. >50ns 2 .
suppressed spikes 1“C peripheral clocks

1. Extra filtering capability vs.
Benefits Available in Stop mode standard requirements.
2. Stable length

Wakeup from Stop on address
match is not available when digital
filter is enabled

Variations depending on

Drawbacks
temperature, voltage, process

In addition, they provide hardware support for SMBUS 2.0 and PMBUS 1.1: ARP capability,
Host notify protocol, hardware CRC (PEC) generation/verification, timeout verifications and
ALERT protocol management. They also have a clock domain independent from the CPU
clock, allowing the application to wake up the MCU from Stop mode on address match.

The I°C interfaces can be served by the DMA controller
Refer to Table 7 for the differences between 12C1 and 12C2.

Table 7. STM32F378xx I°C implementation

I2C features(! 12C1 12C2
7-bit addressing mode X X
10-bit addressing mode X X
Standard mode (up to 100 kbit/s) X X
Fast mode (up to 400 kbit/s) X X
Fast Mode Plus with 20mA output drive I/Os (up to 1 Mbit/s) X X
Independent clock X X

3
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Table 7. STM32F378xx 12C implementation (continued)

I>C features(! 12C1 12C2
SMBus X X
Wakeup from STOP X X
1. X = supported.
3.20 Universal synchronous/asynchronous receiver transmitter

(USART)

The STM32F378xx embeds three universal synchronous/asynchronous receiver
transmitters (USART1, USART2 and USART3).

All USARTSs interfaces are able to communicate at speeds of up to 9 Mbit/s.

They provide hardware management of the CTS and RTS signals, they support IrDA SIR
ENDEC, the multiprocessor communication mode, the single-wire half-duplex
communication mode, Smartcard mode (ISO/IEC 7816 compliant), autobaudrate feature
and have LIN Master/Slave capability. The USART interfaces can be served by the DMA
controller.

Refer to Table 8 for the features of USART1, USART2 and USARTS3.

Table 8. STM32F378xx USART implementation

USART modes/features(!) USART1 | USART2 | USART3
Hardware flow control for modem X X X
Continuous communication using DMA X X X
Multiprocessor communication X X X
Synchronous mode X X X
Smartcard mode X X X
Single-wire half-duplex communication X X X
IrDA SIR ENDEC block X X X
LIN mode X X X
Dual clock domain and wakeup from Stop mode X X X
Receiver timeout interrupt X X X
Modbus communication X X X
Auto baud rate detection X X X
Driver Enable X X X
1. X = supported.
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3.22

3.23
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Serial peripheral interface (SPIl)/Inter-integrated sound
interfaces (I2$)

Up to three SPlIs are able to communicate at up to 18 Mbits/s in slave and master modes in
full-duplex and half-duplex communication modes. 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.

The SPIs can be served by the DMA controller.

Three standard 12S interfaces (multiplexed with SPI1, SPI2 and SPI3) are available, that can
be operated in master or slave mode. These interfaces can be configured to operate with
16/32 bit resolution, as input or output channels. Audio sampling frequencies from 8 kHz up
to 192 kHz are supported. When either or both of the 1S interfaces is/are configured in
master mode, the master clock can be output to the external DAC/CODEC at 256 times the
sampling frequency. All I2S interfaces can operate in half-duplex mode only.

Refer to Table 9 for the features between SPI1, SPI2 and SPI3.

Table 9. STM32F378xx SPI/I2S implementation

SPI features(!) SPI SPI2 SPI3
Hardware CRC calculation X X X
Rx/Tx FIFO X X X
NSS pulse mode X X X
12S mode X X X
TI mode X X X
12S full-duplex mode - - -

1. X = supported.

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

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

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

Controller area network (CAN)

The CAN is compliant with specifications 2.0A and B (active) with a bit rate up to 1 Mbit/s. It
can receive and transmit standard frames with 11-bit identifiers as well as extended frames
with 29-bit identifiers. It has three transmit mailboxes, two receive FIFOs with 3 stages and
14 scalable filter banks.

3
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3.24

3.25

3

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.

The JTAG TMS and TCK pins are shared respectively with SWDIO and SWCLK and a
specific sequence on the TMS pin is used to switch between JTAG-DP and SW-DP.

Embedded trace macrocell™

The ARM embedded trace macrocell provides a greater visibility of the instruction and data
flow inside the CPU core by streaming compressed data at a very high rate from the
STM32F378xx 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 running debugger software. TPA
hardware is commercially available from common development tool vendors. It operates
with third party debugger software tools.
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Pinouts and pin description

Figure 2. STM32F378xx LQFP48 pinout
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1. The above figure shows the package top view.
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Figure 3. STM32F378xx LQFP64 pinout
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1. The above figure shows the package top view.
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Figure 4. STM32F378xx LQFP100 pinout
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1. The above figure shows the package top view.
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Figure 5. STM32F378xx UFBGA100 ballout
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1. The above figure shows the package top view.
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Figure 6. STM32F378xx WLCSP66 ballout
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1. The above figure shows the package top view.
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STM32F378xx

Pinouts and pin description

Table 10. Legend/abbreviations used in the pinout table

Name Abbreviation Definition
Pin name Unlgss otherwise spegified in brackets below the 'pin name, the pin function
during and after reset is the same as the actual pin name
S Supply pin
Pin type | Input only pin
I/10 Input / output pin
FT 5V tolerant I/0
FTf 5V tolerant I/O, FM+ capable
TTa 3.3 V tolerant I/O directly connected to ADC or SDADC
/O structure POR External powe:eosriwslzie; gxwe\r/\éi(tjhffonrwnb\e/iiid weak pull-up
TC Standard 3.3V I/O
B Dedicated BOOTO pin
RST Bidirectional reset pin with embedded weak pull-up resistor

Notes

and after reset

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

Alternate
functions

Functions selected through GPIOx_AFR registers

Pin
functions | Additional
functions

Functions directly selected/enabled through peripheral registers
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Table 11. STM32F378xx pin definitions

Pin numbers o Pin functions
Pin name é
o 3 Pin| @ | ©
e § § g & | (function after tvpe % 2
Ll || 8 reset) yp =z 2 Alternate function Additional functions
c o Q| | o o
11B2|-]-|- PE2 /o | M | FT | TSC_G7_101, TRACECLK -
2 A1 |- -] - PE3 o | M | FT | TSC_G7_102, TRACEDO -
3 |B1|-]-]- PE4 o | M | FT | TSC_G7_103, TRACED1 -
4 (c2|-]-|- PE5 o | M | FT | TSC_G7_104, TRACED2 -
] ™) WKUP3,
5 | D2 PE6 110 FT TRACED3 RTC. TAMPER3
6 | E2 1|1 |A8 VBAT S - - Backup power supply
WKUP2,
ALARM_OUT,
7|1Cc1|2]|2|B8 Pc13( o | - | TC - CALIB_OUT,
TIMESTAMP,
RTC_TAMPER1
PC14 -
8 |D1|3]|3|cC8 05C32 IN® o | - | TC - 0SC32_IN
PC15 -
9 |E1|4]|4|D8 0SC32 OUT® /o | - | TC - 0SC32_0uT
10| F2|-|-]- PF9 v | M| FT TIM14_CH1 -
M|G2|-|-]- PF10 o | M | FT - -
12| F1 | 5|5 |D7| PFO-OSC_IN | I/O | - | FTf I2C2_SDA OSC_IN
PF1 -
13| G1|6 |6 |E8 0SC_OUT /o | - | FTf I2C2_SCL 0SC_OuT
14| H2 |7 |7 |E7 NRST I/O - | RST | Device reset input / internal reset output (active low)
15| H1 | 8| - |E6 PCO o | M | TTa TIM5_CH1_ETR ADC_IN10
16| J2 |9 -|F8 PC1 W | M | TTa TIM5_CH2 ADC_IN11
i ) SPI2_MISO/1252_MCK,
17 | J3 |10 F7 PC2 /0 TTa TIM5_ CH3 ADC_IN12
) ™) SPI2_MOSI/I12S2_SD,
18 | K2 |11 F6 PC3 110 TTa TIMS, CH4 ADC_IN13
1901 -|-]- PF2 v | M | FT 12C2_SMBA -
20 | K1 [12| 8 |G8| VSSA/VREF- S - - Analog ground
) ) ) ) ™) ) Analog power supply / Reference voltage for ADC,
9 VDDA/ VREF+ | S COMP, DAC
21 | M1 |13 - |G7 VDDA O - Analog power supply
22| L1 (17| - |G6 VREF+ O Reference voltage for ADC, COMP, DAC
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Pinouts and pin description

Table 11. STM32F378xx pin definitions (continued)

Pin numbers o Pin functions
Pin name §
= 8 Pin | & | ©
e § § ﬁ & | (function after tvpe % =
Ll || 8 reset) yp =z 2 Alternate function Additional functions
e} (O] [« A« Bl o
USART2_CTS,
TIM2_CH1_ETR, RTC_ TAMPER2,
23 | L2 (1410 |H8 PAO I/0 - TTa TIM5_CH1_ETR, WKUP1, ADC_INO,
TIM19_CH1,TSC_G1_IO1, COMP1_INM
COMP1_OUT
SPI3_SCK/I2S3 CK,
USART2_RTS, TIM2_CH2, ADC IN1
24 | M2 (15|11 | H7 PA1 I/0 - TTa | TIM15_CH1N, TIM5_CH2, COMP1 IN’P
TIM19_CH2, TSC_G1_102, -
RTC_REF_IN
COMP2_OUT,
TSC_G1_103,
SPI3_MISO/I2S3_MCK, ADC_IN2,
25 | K3 16112 J8 PA2 VO | - | TTa | |SART2 TX, TIM2_CH3, COMP2_INM
TIM15_CH1, TIM5_CH3,
TIM19_CH3
SPI3_MOSI, 12S3_SD,
USART2_RX, TIM2_CH4, ADC_IN3,
261 L3 118)13 H6 PA3 VO | - | TTa | 1m15_CH2, TIM5 _CHa4, COMP2_INP
TIM19_CH4, TSC_G1_104
27 |E3 | - | - | - PF4 o | M | FT - -
28 | H3 (19|17 | J7 VDD_2 S - - Digital power supply
SPI1_NSS/I2S1_WS,
SPI3_NSS/I2S3_WS, ADC_IN4,
29 | M3 12014 J6 PA4 VO | - | TTa | ysSART2 CK, TIM3_CH2, DAC1_OUT1
TIM12_CH1, TSC_G2_101
SPI1_SCK/I2S1_CK, CEC,
TIM2_CH1_ETR, ADC_IN5,
30 | K4 1211151 H5 PAS VO | - | TTa | im14_cH1, TIM12_CH2, DAC1_OUT2
TSC_G2_102
SPI1_MISO/I2S1_MCK,
TIM3_CH1, TIM13_CH1, ADC_INS,
31| L4 122116 J5 PAB VO | - | TTa | 1y\16"CH1. COMP1_OUT, DAC2_OUT1
TSC_G2_103
SPI1_MOSI/12S1_SD,
) ™) TIM14_CH1, TIM17_CHf,
32 | M4 |23 G3 PA7 I/O TTa TIM3_CH2, COMP2_OUT, ADC_IN7
TSC_G2_104
) ™) USART1_TX, TIM13_CHT1,
33 | K5 |24 H4 PC4 I/0 TTa TSC_G3_I01 ADC_IN14
34 | L5 (25| - | J4 PC5 /0 | M | TTa |USART1_RX, TSC_G3_102 ADC_IN15
1S7 DoclD025608 Rev 4 35/131
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Table 11. STM32F378xx pin definitions (continued)

Pin numbers o Pin functions
Pin name §
= 8 Pin | & | ©
e § § ﬁ & | (function after tvpe % =
Ll || 8 reset) yp =z 2 Alternate function Additional functions
c o Q| o o o
SPI1_MOSI/I12S1_SD, ADC_IN8,
35| M5 126118 | H3 PBO VO |- | TTa | 1yM3 CH3, TSC_G3 103 | SDADC1 AIN6P
ADC_IN9,
36 | M6 |27]19J3 PB1 /0 | - | TTa | TIM3_CH4, TSC_G3 104 SDADC1_AIN5P,
SDADC1_AIN6M
37 | L6 |28|20|G2 NPOR | @) | POR Power-on reset
SDADC1_AIN3P,
o (1)) SDADC1_AIN4M,
38 | M7 PE7 110 TC SDADCZ_ AINSP,
SDADC2_AIN6M
@) SDADC1_AINSP,
39 | L7 |29]21|H2 PE8 110 TC SDADCZ AINSP
SDADC1_AINT7P,
n SDADC1_AIN8M,
40 | M8 [30]22 ] J2 PE9 110 TC SDADCZ_ AIN7P,
SDADC2_AIN8M
4)
41| L8 | - | - | - PE10 o | ¢y | TC SDADC1_AIN2P
SDADC1_AIN1P,
42 M9 |- -] - PE11 o | W& | 1C SDADC1_AIN2M,
SDADC2_AIN4P
SDADC1_AINOP,
43 (L9 | - |- | - PE12 /o | MW@ | 1C SDADC2_AIN3P,
SDADC2_AIN4M
] 1) SDADC1_AINOM,
44 |M10 PE13 110 TC SDADCZ AIN2P
] (1) SDADC2_AIN1P,
45 | M11 PE14 110 TC SDADG2 AIN2M
46 (M12] - | - | - PE15 o | W& | 1C USART3_RX SDADC2_AINOP
] 1) SPI2_SCK/I2S2_CK, CEC, TIM2_CH3,
47 |L10 PB10 Vo T USART3_TX, TSC_SYNC SDADC2_AINOM
External reference voltage for SDADC1, SDADC2,
48 [ L1 | - | - | - VREFSD- s | M | - | SDADC3 (negative input), negative SDADC analog
input in SDADC single ended mode
49 |F12| - | - | - VSSSD s | M| - SDADC1, SDADC2, SDADC3 ground
SDADC1, SDADC2, SDADC3 ground / External
) - 131123 41 VSSSD/ s ) ) reference voltage for SDADC1, SDADC2, SDADC3
VREFSD- (negative input), negative SDADC analog input in
SDADC single ended mode
36/131 DocID025608 Rev 4 ‘Yl
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Pinouts and pin description

Table 11. STM32F378xx pin definitions (continued)

Pin numbers o Pin functions
Pin name §
S 8 Pin| & | ©
e § § ﬁ & | (function after tvpe % =
Ll || 8 reset) yp =z 2 Alternate function Additional functions
e} (O] [« A« Bl o
50 [G12| - | - | - VDDSD12 s | W] - SDADC1 and SDADC2 power supply
- - 32124 |H1 VDDSD - - SDADC1, SDADC2, SDADC3 power supply
51 [L12| - | - | - VDDSD3 M| - SDADC3 power supply
External reference voltage for SDADC1, SDADC2,
52 |K12|33|25|G1| VREFSD+ S - - SDADC3 (positive input)
SPI2_MISO/I2S2_MCK,
(5) USART3_RTS,
53 [ K11 34|26 | F2 PB14 110 TC TIM15._CH1, TIMA2 CHA, SDADC3_AIN8P
TSC_G6_101
SPI2_MOSI/12S2_SD,
(5) TIM15_CH1N, TIM15_CH2, | SDADC3_AIN7P,
54 |K10135)27 | F1 PB15 Vo T TIM12_CH2,TSC_G6_102, | SDADC3_AINSM
RTC_REFIN
5) SPI2_SCK/I2S2_CK,
55 | K9 36|28 |F3 PD8 110 TC USART3. TX, TSG. G6. 103 SDADC3_AIN6P
®) SDADC3_AIN5P,
56 | K8 | - | - | - PD9 /0 | (1) | TC |USART3_RX, TSC_G6_lO4 SDADG3_AINGM
57 [J12| - | - | - PD10 o |MWe| TC USART3_CK SDADC3_AIN4P
] (1)) SDADC3_AIN3P,
58 | J11 PD11 110 TC USART3_CTS SDADC3 AINAM
] 16) USART3_RTS, TIM4_CH1,
59 | J10 PD12 110 TC TSC.G8_101 SDADC3_AIN2P
] (1)) SDADC3_AIN1P,
60 |H12 PD13 110 TC | TIM4_CH2, TSC_G8_l02 SDADC3 AINZM
61 [H11| -] - | - PD14 /o | MG TC | TIM4_CH3, TSC_G8 103 SDADC3_AINOP
62 [H10| - | - | - PD15 /o | MG TC | TIM4_CH4, TSC_G8_104 SDADC3_AINOM
i ") SPI1_NSS/I12S1_WS, )
63 |E12 |37 E2 PC6 110 FT TIM3_CH1
i ) SPI1_SCK/I2S1_CK, )
64 | E11 38 E1 PC7 110 FT TIM3. CH2
) ™) SPI1_MISO/I281_MCK, )
65 | E10 |39 E3 PC8 110 FT TIM3_ CH3
) ™) SPI1_MOSI/12S1_SD, ]
66 | D12 |40 D2 PC9 110 FT TIM3, CH4

3
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Table 11. STM32F378xx pin definitions (continued)

Pin numbers

LQFP100

BGA100

LQFP64

LQFP48
WLCSP66

Pin name

(function after
reset)

Pin
type

Notes
1/0 structure

Pin functions

Alternate function

Additional functions

D11

PA8

1’0

SPI2_SCK/I2S2_CK,
12C2_SMBA, USART1_CK,
TIM4_ETR,
TIM5_CH1_ETR,
CLK_CLKOUT

68

D10

42

30

D3

PA9

1’0

- | FTSf

SPI2_MISO/12S2_MCK,
|2C2_SCL, USART1_TX,
TIM2_CH3, TIM15_BKIN,
TIM13_CH1, TSC_G4_|01

69

C12

43

31

C2

PA10

I/10

- | FTf

SPI2_MOSI/12S2_SD,
[2C2_SDA, USART1_RX,
TIM2_CH4, TIM17_BKIN,
TIM14_CH1, TSC_G4_|02

70

B12

44

32

C1

PA11

I/0

SPI2_NSS/I252_WS,
SPI1_NSS/I2S1_WS,
USART1_CTS, CAN_RX,
TIM4_CHA1, TIM5_CH?2,
COMP1_OUT

71

A12

45

33

C3

PA12

I/0

SPI1_SCK/I12S1_CK,
USART1_RTS, CAN_TX,
TIM16_CH1, TIM4_CH2,
TIM5_CH3, COMP2_OUT

72

A1

46

34

c4

PA13

110

SPI1_MISO/I2S1_MCK,
USART3_CTS, IR_OUT,
TIM16_CH1N, TIM4_CH3,
TIM5_CH4, G4_103,
SWDIO-JTMS

73

Cc1

47

35

B2

PF6

I/0

- | FTf

SPI1_MOSI, 12S1_SD,
USART3_RTS, TIM4_CH4,
12C2_SCL

74

F11

VSS_3

Ground

75

G11

VDD _3

Digital power supply

48

36

B1

PF7

110

- | FTf

12C2_SDA, USART2_CK

76

A10

49

37

A1

PA14

1’0

- | FTf

12C1_SDA, TIM12_CHH1,
TSC_G4_104, SWCLK-
JTCK

77

A9

50

38

A2

PA15

1’0

- | Ff

SPI1_NSS/I2S1_WS,
SPI3_NSS/I2S3_WS,
12C1_SCL,
TIM2_CH1_ETR,
TIM12_CH2, TSC_SYNC,
JTDI
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STM32F378xx

Pinouts and pin description

Table 11. STM32F378xx pin definitions (continued)

Pin numbers o Pin functions
Pin name . §
,8_ S |3 g § (function after the % é
o < | B & 8 reset) yp =z 2 Alternate function Additional functions
g | 9 gl al 3 o
) ™) SPI3_SCK/I12S3_CK, )
78 | B11 |51 B3 PC10 /0 FT USART3 TX, TIM19. CH1
™) SPI3_MISO/I2S3_MCK, )
79 | C10|52 A3 PC11 /0 FT USART3_RX, TIM19. CH2
) ™) SPI3_MOSI/I12S3_SD, )
80 | B10 |53 B4 PC12 /0 FT USART3_CK, TIM19_CH3
81[C9|-]|-]- PDO o | M | FT CAN_RX, TIM19_CH4 -
82|B9 |- |- |- PD1 o | M | FT | CAN_TX, TIM19_ETR -
83| C8 54| - |A4 PD2 v | M | FT TIM3_ETR -
] ) SPI2_MISO/I12S2_MCK, )
84 | B8 PD3 /0 FT USART2. CTS
] ™) SPI2_MOSI/12S2_SD, )
85 | B7 PD4 110 FT USART2 RTS
86 | A6 | - | - | - PD5 o | M | FT USART2_TX -
] ™) SPI2_NSS/I2S2_WS, ]
87 | B6 PD6 /0 FT USART2. RX
] ™) SPI2_SCK/I2S2_CK, )
88 | A5 PD7 /0 FT USART2 CK
SPI1_SCK/I2S1_CK,
SPI3_SCK/I12S3_CK,
USART2_TX, TIM2_CH2,
89 | A8 55|39 |C5 PB3 o | - | FT TIM3_ETR, TIM4. ETR, -
TIM13_CH1, TSC_G5_I01,
JTDO-TRACESWO
SPI1_MISO/I2S1_MCK,
SPI3_MISO/I2S3_MCK,
USART2_RX,
90 | A7 |56|40|B5 PB4 /0 | - | FT | TIM162_CH1, TIM3_CH1, -
TIM17_BKIN,
TIM15_CH1N,
TSC_G5_102, NJTRST
SPI1_MOSI/12S1_SD,
SPI3_MOSI/12S3_SD,
91 | C5 |57|41|A5 PB5 /0 | - | FT |I12C1_SMBA, USART2_CK, -
TIM16_BKIN, TIM3_CH2,
TIM17_CH1, TIM19_ETR
12C1_SCL, USART1_TX,
TIM16_CH1N, TIM3_CHS3,
92 | B5 [58|42|B6 PB6 /0 | - | FTf TIM4 CH1, TIM19. CH1, -
TIM15_CH1, TSC_G5_103

3
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Table 11. STM32F378xx pin definitions (continued)

Pin numbers o Pin functions
Pin name §
3 S |39 § (function after Pin § S
- | 8 o -
L« gee 8 reset) type | 2 2 Alternate function Additional functions
e} (O] [« A« Bl o
I12C1_SDA, USART1_RX,
TIM17_CH1N, TIM3_CH4,
93 | B4 |59|43 | A6 PB7 I/0 - FTf TIM4 CH2, TIM19_CH2, -
TIM15_CH2, TSC_G5_104
94 | A4 |60|44 |C7 BOOTO | - B Boot memory selection
SPI2_SCK/I2S2_CK,
I2C1_SCL, USART3_TX,
CAN_RX, CEC,
95 | A3 |61|45|B7 PB8 I/0 - FTf TIM16_CH1, TIM4_CHS3, -
TIM19_CH3, COMP1_OUT,
TSC_SYNC
SPI2_NSS/I2S2_WS,
I12C1_SDA, USART3_RX,
96 | B3 |62|46 | A7 PB9 110 - FTf CAN_TX, IR_OUT, -
TIM17_CH1, TIM4_CH4,
TIM19_CH4, COMP2_OUT
97 | C3 |- | - | - PEO /o | M | FT | USART1_TX, TIM4 ETR -
98 | A2 | - | - | - PE1 o | M | FT USART1_RX -
99 | D3 |63|47|C6 VSS_1 S - - Ground
-l - |-1]-|c5 VSS_1 s | W] - Ground
- - -] -|c4 VSS 1 s | M| - Ground
100| C4 |64 |48 |D6 VDD_1 S - - Digital power supply

1. When using the small packages (48 and 64 pin packages), the GPIO pins which are not present on these packages, must
not be configured in analog mode.

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

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

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

- These GPIOs must not be used as current sources (e.g. to drive an LED)
After the first backup domain power-up, PC13, PC14 and PC15 operate as GPIOs. Their function then depends on the
content of the Backup registers which is not reset by the main reset. For details on how to manage these GPIOs, refer to
the Battery backup domain and BKP register description sections in the RM0313 reference manual.

These pins are powered by Vppa.
4. These pins are powered by VDDSD12.
These pins are powered by VDDSD3.
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Table 12. Alternate functions for port PA

NZ'r:e AF0 AF1 AF2 | AF3 AF4 AF5 AF6 AF7 AF8 AF9 | AF10 | AF11 | AF14 | AF15
TIM2_ | TIM5_
PAO - CH1_ | CH1_ GT13%1 - - - USART2_CTS C%“('JT - - T'c'\;ﬂf - EXLEET
ETR ETR - - -
RTC_ | TIM2_ |TIM5_| TSC_ SPI3_SCK/ TIM15_ TIM19 EVENT
PAT | REFIN CH2 CH2 | G1_102 ) . 1283 _CK USART2_RTS ) CH1N ) _CH2 ) ouT
TIM2_ | TIM5_| TSC_ SPI3_MISO/ COMP2 | TIM15_ TIM19 EVENT
PA2 ) CH3 CH3 | G1_103 ) ) 12S3_MCK USARTZ_TX _ouT CH1 ) _CH3 ) ouT
TIM2_ | TIM5_| TSC_ SPI3_MOSI TIM15_ TIM19 EVENT
PAS | - CH4 | cH4 |G1i04| - - /1253 sp | USARTZRX | - CH2 © | cha| ouT
TIM3_| TSC_ SPI1_NSS/ | SPI3_NSS/ TIM12 EVENT
PA4 ) ) CH2 | G2_l01 ) 281 WS | 12S3_WS USART2_CK ) ) _CH1 ) ) ouT
TIM2
PAS ) CH1 ™ ) TSC_ ) SPI1_SCK/ i CEC ] TIM14_ | TIM12 | ) EVENT
= G2_102 12S1_CK CH1 CH2 ouT
ETR - - -
PAG ) TIM16_ | TIM3_| TSC_ ) SPI1_MISO i ) COMP1 | TIM13_ ) i ) EVENT
CH1 CH1 | G2_103 /12S1_MCK _OUT | CH1 ouT
PA7 ] TIM17_ | TIM3_| TSC_ ) SPI1_MOSI i ] COMP2 | TIM14_ ) i ) EVENT
CH1 CH2 | G2_104 /12S1_SD _OUT | CH1 ouT
TIMS_ I2C2_ | SPI2_SCK/ TIM4 EVENT
PA8 | MCO - CH1_ - SMBA | 1252, CK - USART1_CK - - ETR | - - OUT
ETR
TIM13 | TSC_ | 12C2_ | SPI2_MISO TIM15_ | TIM2_ EVENT
PAO 1 - - CH1 | G4 101| scL | 1282 McK - USARTI_TX | - BKIN | CH3 | ~ - ouT
TIM17_ TSC_ | 12C2_ | SPI2_MOSI TIM14_ | TIM2_ EVENT
PA10 ) BKIN ) G4_102 | SDA | /12S2_SD ) USART1_RX ) CH1 CH4 ) ) ouT
TIM5_ SPI2_NSS/ | SPI1_NSS/ COMP1| CAN_ |TIM4_ EVENT
PATT - - cHz | - © | 2szws | 12stws |USARTICTS | "our | Rx | cHi | - - ouT
TIM16_ | TIM5_ SPI1_SCK/ COMP2 TIM4_ EVENT
PA12Z] - CH1 | cH3 | - - 1287 ck | USARTLRTS| =5 yp | CANLTX| opom | - - ouT
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"G Table 12. Alternate functions for port PA (continued)

2 N:Ir:e AF0 AF1 AF2 | AF3 AF4 AF5 AF6 AF7 AF8 AF9 | AF10 | AF11 | AF14 | AF15

SWDIO | TIM16_ | TIM5_| TSC_ SPI1_MISO TIM4_ EVENT

PAI3 | jTMs | CHIN CH4 | G4_103 ) IR-OUT /1281_MCK USART3_CTS ) ) CH3 ) ) ouT

paqq | SWCLK TSC_ | 12C1_ TIM12 EVENT

-JTCK ) ) G4 104 | SDA ) ) ) ) ) _CH1 ) ) ouT

eats | JTDI TIM2_ ) TSC_ | 12C1_ | SPI1_NSS/ | SPI3_NSS/ ) ) ) TiM12 | ) EVENT

CH1_ETR SYNC | SCL | I12S1_WS | 1283 WS _CH2 ouT
o
o]
Q
@)
o
N
n
(o))
o
[o¢]
Py
]
<
N

uonduosap uid pue sinould

XX8LEAZEINLS



LELIEY

¥ A®Y 8095¢0dlcod

Table 13. Alternate functions for port PB

N';::e AF0 AF1 AF2 | AF3 | AF4 AF5 AF6 AF7 AF8 | AF9 | AF10 | AF11 |  AF15

PBO - - |TIM3_CH3 cTsSsSFos - EZ'TE"S%S” - - - - é'ﬂ"';— - |EVENTOUT
PB1 - - |TIM3_CH4 (T;f@ - - - - - - - - |EVENTOUT
PB4 |NJTRST I;'lw ®— | TIM3_cH1 23853—02 - /?58'11—_'\,\"/"3(2 E@'&&mcsf’ USART2 RX | - é'mﬁ— }MKKI - |EVENTOUT
PB5 - ;%',16— TIM3_CH2| - 'szﬁéz /S|§§1‘_“§83' /Sl‘gg—_'\ggs' USART2 CK | - - IlC'\f4117 II'E'\QE EVENTOUT
PB6 - Emﬁ— TIM4_CH1 1585?@ 'Szglj— - - USART1_TX - gw > Em?’— lmg EVENTOUT
PB7 - I;Mrj_ TIM4_CH2 (TSSS(_;@ A ls?t?/l_ - - USART1 RX | - I;L“.AS = é'ﬂ"'f— 1:“:'4129 EVENTOUT
PB8 - gw ®- |TiMa_cHs ;$ﬁ6 'Szgi— Z’;'Zz:g’gw CEC USART3_TX fgl'j"Tm SQN— - Ilcwsg EVENTOUT
PBY - gw "~ |Tma_cHa| - |32§/1_ ISZ';'g:\’/\'st/ IR-OUT  |USART3_RX fgS/lsz %’2“— - I'wa EVENTOUT
PB10 - 2'3”32— - ;\S(EEH - 22'2233;2"/ CEC USART3_TX - - - - |EVENTOUT
PB14 - Em > - 2236 - /Slgézz—_'\,\"ﬂ'gg - USART3 RTS | - Em | . - |EVENTOUT
PB15 |RTC_REFIN 2'3”215— I:m?_ gﬁsz - /slgzz__l\gga - - - I;'lZ";z— - - |EVENTOUT

uonduosap uid pue sinould
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N Table 14. Alternate functions for port PC

§ Pin Name AF0 AF1 AF2 AF3 AF4 AF5 AF6 AF7
PCO - EVENTOUT TIM5_CH1_ETR - - - - -
PC1 - EVENTOUT TIM5_CH2 - - - - -
PC2 - EVENTOUT TIM5_CH3 - - SPI2_MISO/I2S2_MCK - -
PC3 - EVENTOUT TIM5_CH4 - - SPI2_MOSI/I2S2_SD - -
PC4 - EVENTOUT TIM13_CH1 TSC_G3_101 - - - USART1_TX
PC5 - EVENTOUT - TSC_G3_102 - - - USART1_RX
PC6 - EVENTOUT TIM3_CH1 - - SPI1_NSS/I12S1_WS - -
PC7 - EVENTOUT TIM3_CH2 - - SPI1_SCK/I12S1_CK - -
PC8 - EVENTOUT TIM3_CH3 - - SPI1_MISO/I2S1_MCK - -

g PC9 - EVENTOUT TIM3_CH4 - - SPI1_MOSI/I2S1_SD - -

3

g PC10 - EVENTOUT TIM19_CH1 - - - SPI3_SCK/I12S3_CK USART3_TX

§ PC11 - EVENTOUT TIM19_CH2 - - - SPI3_MISO/I12S3_MCK |USART3_RX

% PC12 - EVENTOUT TIM19_CH3 - - - SPI3_MOSI/12S3_SD USART3_CK

2 PC13 - - - - - - - -

N
PC14 - - - - - - - -
PC15 - - - - - - - -

uonduosap uid pue sinould
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Table 15. Alternate functions for port PD

LELISY

PinName |  AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7
PDO - EVENTOUT | TIM19_CH4 - - - - CAN_RX
PD1 - EVENTOUT | TIM19_ETR - - - - CAN_TX
PD2 - EVENTOUT | TIM3_ETR - - - - -
PD3 i EVENTOUT - - - SPI2_MISO/I2S2_MCK i USART2_CTS
PD4 - EVENTOUT - - - SPI2_MOSI/1252_SD - USART2_RTS
PD5 - EVENTOUT - - - - - USART2_TX
PD6 - EVENTOUT - - - SPI2_NSS/1252_WS - USART2_RX
PD7 - EVENTOUT ] i - SPI2_SCK/I1252_CK - USART2_CK
PD8 - EVENTOUT - TSC_G6_103 - SPI2_SCK/I1252_CK - USART3_TX
o |Ppo - EVENTOUT i TSC_G6_I04 - - ] USART3_RX
g [Poi0 i EVENTOUT - - - - - USART3_CK
& |pp1 - EVENTOUT i i ; ; i USART3_CTS
% PD12 - EVENTOUT  |TIM4_CH1 | TSC_G8_IOf - - - USART3_RTS
[0}
L - EVENTOUT  |TIM4_CH2 |TSC_G8_I02 - - - -
PD14 - EVENTOUT  |TIM4_CH3 | TSC_G8_IO3 - - - -
PD15 ] EVENTOUT  |TIM4_CH4 |TSC_G8_I04 - - - -
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Table 16. Alternate functions for port PE

Pin Name AFO0 AF1 AF2 AF3 AF4 AF5 AF6 AF7
PEO - EVENTOUT  |TIM4_ETR - - - - USART1_TX
PE1 - EVENTOUT - - - - - USART1_RX
PE2 TRACECLK |EVENTOUT - TSC_G7_lO1 - - - -
PE3 TRACEDO  |EVENTOUT - TSC_G7_102 - - - -
PE4 TRACED1 |EVENTOUT - TSC_G7_103 - - - -
PE5 TRACED2 |EVENTOUT - TSC_G7_104 - - - -
PE6 TRACED3  |EVENTOUT - - ] i ] ]
PE7 - EVENTOUT - - - - - -
PES - EVENTOUT - - - - - -
PE9 - EVENTOUT - - - - - -
PE10 - EVENTOUT - - - - - -
PE11 - EVENTOUT - - - - - -
PE12 - EVENTOUT - - - - - -
PE13 - EVENTOUT - - - - ] ]
PE14 - EVENTOUT - - - - - -
PE15 - EVENTOUT - - - - - USART3_RX

uonduosap uid pue sinould
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Table 17. Alternate functions for port PF

Pin Name AFO0 AF1 AF2 AF3 AF4 AF5 AF6 AF7
PFO - - - - 12C2_SDA - - -
PF1 - - - - 12C2_SCL - - -
PF2 - EVENTOUT - - 12C2_SMBA - - -
PF4 - EVENTOUT - - - - - -
PF6 - EVENTOUT  |TIM4_CH4 - 12C2_SCL SPI1_MOSI/I281_SD - USART3_RTS
PF7 - EVENTOUT - - 12C2_SDA - - USART2_CK
PF9 - EVENTOUT | TIM14_CH1 - - - - -
PF10 - EVENTOUT - - - - - -

uonduosap uid pue sinould
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Memory mapping STM32F378xx

5 Memory mapping
Figure 7. STM32F378xx memory map
OXFFFF FFFF 0x4800 17FF
Cortex-M4 AHB2
7 internal 0x4800 0000
eripherals
perp Reserved
0xE000 0000 0x4002 43FF
AHB1
6 0x4002 0000
Reserved
0xC000 0000
0x4001 6C00
APB2
5 0x4001 0000
Reserved
0xAQ00 0000 0x4000 AO0O
APB1
4 0x4000 0000
0x8000 0000
Ox1FFF FFFF
0x6000 0000 Option bytes
Ox1FFF F800
2 System memory
Ox1FFF D800
0x4000 0000 Peripherals
Reserved
1 0x0804 0000
0x2000 0000 SRAM Flash memory
0 0x0800 0000
CODE Reserved
0x0004 0000
0x0000 0000 Flash, system memory
or SRAM, depending
R d on BOOT configuration
|:| eserve 0x0000 0000
MSv32159V1

3

48/131 DoclD025608 Rev 4




STM32F378xx Memory mapping

Table 18. STM32F378xx peripheral register boundary addresses(!

Bus Boundary address Size Peripheral

0x4800 1400 - 0x4800 17FF 1KB GPIOF
0x4800 1000 - 0x4800 13FF 1KB GPIOE
0x4800 0C00 - 0x4800 OFFF 1KB GPIOD

ARB2 0x4800 0800 - 0x4800 OBFF 1KB GPIOC
0x4800 0400 - 0x4800 07FF 1KB GPIOB
0x4800 0000 - 0x4800 03FF 1KB GPIOA

- 0x4002 4400 - Ox47FF FFFF ~128 MB |Reserved

0x4002 4000 - 0x4002 43FF 1 KB TSC
0x4002 3400 - 0x4002 3FFF 3 KB Reserved
0x4002 3000 - 0x4002 33FF 1 KB CRC
0x4002 2400 - 0x4002 2FFF 3 KB Reserved
0x4002 2000 - 0x4002 23FF 1 KB FLASH memory interface

ARBI 0x4002 1400 - 0x4002 1FFF 3 KB Reserved
0x4002 1000 - 0x4002 13FF 1 KB RCC
0x4002 0800- 0x4002 OFFF 2 KB Reserved
0x4002 0400 - 0x4002 07FF 1 KB DMA2
0x4002 0000 - 0x4002 03FF 1 KB DMA1

- 0x4001 6C00 - 0x4001 FFFF 37 KB Reserved
"_l DocID025608 Rev 4 49/131




Memory mapping STM32F378xx

Table 18. STM32F378xx peripheral register boundary addresses(!) (continued)

Bus Boundary address Size Peripheral
0x4001 6800 - 0x4001 6BFF 1 KB SDADC3
0x4001 6400 - 0x4001 67FF 1 KB SDADC?2
0x4001 6000 - 0x4001 63FF 1 KB SDADCH1
0x4001 5C00 - 0x4001 5FFF 1 KB TIM19
0x4001 4C00 - 0x4001 5BFF 4 KB Reserved
0x4001 4800 - 0x4001 4BFF 1 KB TIM17
0x4001 4400 - 0x4001 47FF 1 KB TIM16
0x4001 4000 - 0x4001 43FF 1 KB TIM15

APB2 | 0x4001 3C00 - 0x4001 3FFF 1 KB Reserved
0x4001 3800 - 0x4001 3BFF 1 KB USART1
0x4001 3400 - 0x4001 37FF 1 KB Reserved
0x4001 3000 - 0x4001 33FF 1 KB SPI1/12S1
0x4001 2800 - 0x4001 2FFF 1 KB Reserved
0x4001 2400 - 0x4001 27FF 1 KB ADC
0x4001 0800 - 0x4001 23FF 7 KB Reserved
0x4001 0400 - 0x4001 O7FF 1 KB EXTI
0x4001 0000 - 0x4001 03FF 1 KB SYSCFG + COMP

- 0x4000 4000 - 0x4000 FFFF 24 KB Reserved

0x4000 9C00 — 0x4000 9FFF 1 KB TIM18
0x4000 9800 - 0x4000 9BFF 1 KB DAC2
0x4000 7C00 - 0x4000 97FF 8 KB Reserved
0x4000 7800 - 0x4000 7BFF 1 KB CEC
0x4000 7400 - 0x4000 77FF 1 KB DAC1

APB1 0x4000 7000 - 0x4000 73FF 1 KB PWR
0x4000 6800 - 0x4000 6FFF 2 KB Reserved
0x4000 6400 - 0x4000 67FF 1 KB CAN
0x4000 5C00 - 0x4000 63FF 2 KB Reserved
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STM32F378xx Memory mapping

Table 18. STM32F378xx peripheral register boundary addresses(!) (continued)

Bus Boundary address Size Peripheral
0x4000 5800 - 0x4000 5BFF 1 KB 12C2
0x4000 5400 - 0x4000 57FF 1 KB 12C1
0x4000 4C00 - 0x4000 53FF 2 KB Reserved
0x4000 4800 - 0x4000 4BFF 1 KB USART3
0x4000 4400 - 0x4000 47FF 1 KB USART2
0x4000 4000 - 0x4000 43FF 1 KB Reserved
0x4000 3C00 - 0x4000 3FFF 1KB SPI3/12S3
0x4000 3800 - 0x4000 3BFF 1KB SPI2/12S2
0x4000 3400 - 0x4000 37FF 1 KB Reserved
0x4000 3000 - 0x4000 33FF 1 KB IWDG
0x4000 2C00 - 0x4000 2FFF 1 KB WWDG

APBT 0x4000 2800 - 0x4000 2BFF 1 KB RTC
0x4000 2400 - 0x4000 27FF 1 KB Reserved
0x4000 2000 - 0x4000 23FF 1 KB TIM14
0x4000 1C00 - 0x4000 1FFF 1 KB TIM13
0x4000 1800 - 0x4000 1BFF 1 KB TIM12
0x4000 1400 - 0x4000 17FF 1 KB TIM7
0x4000 1000 - 0x4000 13FF 1 KB TIM6
0x4000 0C00 - 0x4000 OFFF 1 KB TIM5
0x4000 0800 - 0x4000 OBFF 1 KB TIM4
0x4000 0400 - 0x4000 O7FF 1 KB TIM3
0x4000 0000 - 0x4000 03FF 1 KB TIM2

1. Cells in gray indicate Reserved memory locations.

3
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Electrical characteristics STM32F378xx

6 Electrical characteristics

6.1 Parameter conditions

Unless otherwise specified, all voltages are referenced to Vgg.

6.1.1 Minimum and maximum values

Unless otherwise specified, the minimum and maximum values are guaranteed in the worst
conditions of ambient temperature, supply voltage and frequencies by tests in production on
100% of the devices with an ambient temperature at Ty = 25 °C and 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 (meanz30).

6.1.2 Typical values

Unless otherwise specified, typical data are based on Ty =25 °C, Vpp =1.8 V, Vppa =
Vppspx = 3.3 V. They are given only as design guidelines and are not tested.

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

6.1.3 Typical curves

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

6.1.4 Loading capacitor

The loading conditions used for pin parameter measurement are shown in Figure 8.

6.1.5 Pin input voltage

The input voltage measurement on a pin of the device is described in Figure 9.

Figure 8. Pin loading conditions Figure 9. Pin input voltage

MCU pin MCU pin
C =50 pF

L

MS19210V1 MS19211V1
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Electrical characteristics

6.1.6

Power supply scheme

Figure 10. Power supply scheme

Caution:

3

1.65-36V

epos [

2 x 100 nF
+1 x 47 uF

NPOR [

@Vpp

GP I/Os

@VvDDSD3

opos [

@VDDsD12

VDDSD12 VDDSD12

l Backup circuitry
- (LSE,RTC,
Wakeup logic

Backup registers)

10 nF 10 nF

*1 R 1T

VDDSD3

=

VREFSD+
- VREFSD+
10 nF
+1 PF  e—
VREFSD-

-

out N
gl o
9| Logic
[
S
o)
S
Kernel logic
(CPU,
Digital
& Memories)
gl o
9| Logic
[
>
)
)
ouT N
£ 10
Z
9| Logic
IN 9
®
]
-
Py
VDDSD3
VSSSD Sigma
Delta
ADCs
L
Analog:

RCs, PLL, COMP,

MSv37940V2

1.

Dotted lines represent the internal connections on low pin count packages, joining the dedicated supply

pins.

Each power supply pair (Vpp/Vss, Vppa/Vssa €tc..) 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 the good

functionality of the device.
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6.1.7 Current consumption measurement

Figure 11. Current consumption measurement scheme

fg

IpDA

7

IDDSD12

3

IDDSD3

i’

DDA

1

VDDSD12

DDSD3

MS31054V1
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STM32F378xx Electrical characteristics

6.2 Absolute maximum ratings

Stresses above the absolute maximum ratings listed in Table 19: Voltage characteristics,
Table 20: Current characteristics, and Table 21: Thermal characteristics may cause
permanent damage to the device. These are stress ratings only and functional operation of
the device at these conditions is not implied. Exposure to maximum rating conditions for
extended periods may affect device reliability.

Table 19. Voltage characteristics(!)

Symbol Ratings Min Max Unit
Vpopa—Vss External main supply voltage (including Vppa Vppspx, VBaT) -0.3 4.0
Vpp—Vss External supply voltage Vpp -0.3 1.95
Voo—Vopa Allowed voltage difference for Vpp > Vppa - 0.4
Vppsox — Vopa | Allowed voltage difference for Vppspx > Vopa - 0.4
VSEFSD" ~ | Allowed voltage difference for Vrersp+ > Vopsps - 0.4
DDSD3
Vrer+ — Vppa | Allowed voltage difference for Vggg+ > Vppa - 0.4 v
Input voltage on FT and FTf pins Vgs—0.3 Vpp + 4.0
Input voltage on POR pins Vgs—0.3 | Vppa +4.0
V|N(2) Input voltage on TTa pins Vgg—0.3 4.0
Input voltage on TC pins on SDADCx channels inputs(®) Vg —0.3 4.0
Input voltage on any other pin Vgg-0.3 4.0
Vssx - Vss| Variations between all the different ground pins } %0 mv
IVReFsD- - Vssxl - 50 mV
see Section 6.3.11:
VESD(HBM) Electrostatic discharge voltage (human body model) Electrical sensitivity -
characteristics

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

2. Vjy maximum must always be respected. Refer to Table 20: Current characteristics for the maximum allowed injected
current values.

3. VDDSD12 is the external power supply for the PB10, and PE7 to PE15 1/O pins (the I/O pin ground is internally connected
to Vss). Vppsps is the external power supply for PB14 to PB15 and PD8 to PD15 I/O pins (the I/O pin ground is internally
connected to Vgg).

All main power (VDD’ VDDSD']Z’ VDDSD3 and VDDA) and ground (Vss, VSSSD’ and VSSA) pinS
must always be connected to the external power supply, in the permitted range.

The following relationship must be respected between Vppa and Vpp: Vppa must power on
before or at the same time as Vpp in the power up sequence. Vppa must be greater than or
equal to Vpp.

The following relationship must be respected between Vppa and Vppsp1o: Vppa must power
on before or at the same time as Vppgp12 Or Vppsps in the power up sequence. Vppa must
be greater than or equal to Vppgp12 Or Vppsps-

3
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Electrical characteristics STM32F378xx

The following relationship must be respected between Vppsp12 and Vppsps: Vppsps must
power on before or at the same time as Vppgp12 in the power up sequence.
After power up (Vppgp12 > Vrefint = 1.2 V) Vppgps can be higher or lower than Vppgp1o.

The following relationship must be respected between Vggrsp+ and Vppspi2, Vopspa:
VRrersp+ Must be lower than Vppgps.

Depending on the SDADCx operation mode, there can be more constraints between
Vrersp+ Vbpspi2 and Vppsps Which are described in reference manual RM0313.

Table 20. Current characteristics

Symbol Ratings Max. Unit
Total current into sum of all VDD_x and VDDSDx power lines
Zlypp 1 160
(source)( )
| Total current out of sum of all VSS_x and VSSSD ground lines 1
Zlyss (sink) -160
lvboPIny Maximum current into each VDD_x or VDDSDx power pin (source)(") 100
lvss(pINy Maximum current out of each VSS_x or VSSSD ground pin (sink)(") -100
| Output current sunk by any 1/O and control pin 25
IO(PIN .
(PIN) Output current source by any I/O and control pin -25 mA
Total output current sunk by sum of all 10s and control pins(z) 80
ZliopIn
(FIN) Total output current sourced by sum of all I0s and control pins(2) -80
Injected current on FT, FTf, POR and B pins(3) -5/+0
lINg(PIN) Injected current on TC and RST pin®) 5
Injected current on TTa pins(s) 5
ZlNg(PIN) Total injected current (sum of all I/O and control pins)(©) 25

1. VDDSD12 is the external power supply for the PB10, and PE7 to PE15 I/O pins (the I/O pin ground is internally connected
to Vgg). VDDSD3 is the external power supply for PB14 to PB15 and PD8 to PD15 I/O pins (the 1/O pin ground is internally
connected to Vgg). Vpp (VDD_x) is the external power supply for all remaining 1/O pins (the 1/O pin ground is internally
connected to Vgg).

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.

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

4. A positive injection is induced by V\y>Vpp while a negative injection is induced by V|y < Vss. Inypiny Must never be
exceeded. Refer to Table 19: Voltage characteristics for the maximum allowed input voltage values.

5. A positive injection is induced by V|\>Vppa wWhile a negative injection is induced by V|y < Vss. ljng(PIN) must never be
exceeded. Refer also to Table 19: Voltage characteristics f<3r the maximum allowed input voltage values. Negative injection
disturbs the analog performance of the device. See note () below Table 61.

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

Table 21. Thermal characteristics

Symbol Ratings Value Unit
Tsta Storage temperature range —65 to +150 °C
T, Maximum junction temperature 150 °C

3
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6.3 Operating conditions
6.3.1 General operating conditions
Table 22. General operating conditions
Symbol Parameter Conditions Min Max Unit
fHcLk Internal AHB clock frequency - 0 72
fecLKA Internal APB1 clock frequency - 0 36 MHz
fecLke Internal APB2 clock frequency - 0 72
. Must have a potential equal to
Vpp Standard operating voltage or lower than Vppa 1.65 1.95 Vv
Analog operating voltage 24 36
Ve (1) (ADC and DAC used) Must have a potential equal to ' ' v
DDA ;
Analog operating voltage or higher than Vpp 165 36
(ADC and DAC not used) ' '
VDDSD12 operating voltage
2.2 3.6
(SDADC used) Must have a potential equal to
Vopsp12 : or lower than V v
VDDSD12 operating voltage DDA 165 36
(SDADC not used) ’ '
VDDSD3 operating voltage
22 3.6
(SDADC used) Must have a potential equal to
Vopsbs : or lower than V v
VDDSD3 operating voltage DDA 165 36
(SDADC not used) ' )
Positive reference voltage (ADC
C 24 3.6
v and DAC used) Must have a potential equal to v
REF
v Positive reference voltage (ADC or lower than Vppp 165 3.6
and DAC not used) ' '
Vv SDADCXx positive reference Must have a potential equal to 11 36 Vv
REFSD+ voltage or lower than any Vppgpyx ' '
VAT Backup operating voltage - 1.65 3.6 \Y,
Input voltage OI"I F('Iz',) FTf and POR .03 592
pins
Input voltage on TTa pins -0.3 Vppa + 0.3
Input voltage on TC pins on
ViN SDADCx channels inputs(®) ) -03 | Vopspx*03 |V
Input voltage on BOOTO pin 0 5.5
: Vbb
Input voltage on any other pin -0.3 +03
‘Yl DoclD025608 Rev 4 57/131
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Table 22. General operating conditions (continued)

Symbol Parameter Conditions Min Max Unit
WLCSP66 - 376
Power dissipation at T = 85 °C for LQFP100 - 434
Po suffix 6 or Ta = 105 °C for suffix LQFP64 - 444 mW
(4)
7 LQFP48 - 364
BGA100 - 338
Ambient temperature for 6 suffix | Maximum power dissipation | —40 85 °c
version Low power dissipation(® —40 105
TA
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

When the ADC is used, refer to Table 59: ADC characteristics.

2. To sustain a voltage higher than Vpp+0.3 V, the internal pull-up/pull-down resistors must be disabled.
VDDSD12 is the external power supply for the PB10, and PE7 to PE15 I/O pins (the 1/O pin ground is internally connected
to VSS). VDDSD3 is the external power supply for PB14 to PB15 and PD8 to PD15 1/O pins (the 1/O pin ground is internally
connected to VSS).

4. If Ty is lower, higher Pp values are allowed as long as T does not exceed T jax-

In low power dissipation state, Ty can be extended to this range as long as T does not exceed T jyax-

6.3.2 Operating conditions at power-up / power-down

The parameters given in Table 23 are derived from tests performed under the ambient
temperature condition summarized in Table 22.

Table 23. Operating conditions at power-up / power-down

Symbol Parameter Conditions Min Max Unit
Vpp rise time rate 0 00
tvop ) -
Vpp fall time rate 20 00
us/V
Vppa rise time rate 0 00
tvbpa : -
Vppa fall time rate 20 00

3
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6.3.3 Embedded reference voltage

The parameters given in Table 25 are derived from tests performed under ambient
temperature and Vpp supply voltage conditions summarized in Table 22.

Table 24. Embedded internal reference voltage calibration values

Calibration value name Description Memory address

Raw data acquired at
VREFINT_CAL temperature of 30 °C Ox1FFF F7BA - Ox1FFF F7BB
VDDA= 3.3V

Table 25. Embedded internal reference voltage

Symbol Parameter Conditions Min | Typ | Max | Unit

Vrerint | Internal reference voltage —40°C<Tp<+105°C| 1.20 | 1.23 | 1.25 \

ADC sampling time when

TS_Vreﬁm(” reading the internal reference - 1710 - - ps
voltage
Internal reference voltage
VREF|NT_S(2) spread over the temperature Vpp =3V 10 mV - - 10 mV
range
TCOeﬁ(z) Temperature coefficient - - - 100 | ppm/°C
tsTarT® | Startup time - - - 10 V(S
tvREF

lél)T_RD Internal reference voltage } 150 | 250 | 450 ms

I
Y( temporization

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

3. Guaranteed by design. Latency between the time when the NPOR pin is set to 1 by the application and the
time when the VREFINTRDYF bit is set to 1 by the hardware.

3
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6.3.4

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 11: Current consumption

measurement scheme.
All 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 when explicitly mentioned

e The Flash memory access time is adjusted to the fc| k frequency (0 wait state from O
to 24 MHz, 1 wait state from 24 to 48 MHz and 2 wait states from 48 MHz to 72 MHz)

e Prefetch in ON (reminder: this bit must be set before clock setting and bus prescaling)
e When the peripherals are enabled fapg1 = fanp/2 , fape2 = faHB

e  When fyc k > 8 MHz PLL is ON and PLL inputs is equal to HSI/2 = 4 MHz (if internal
clock is used) or HSE = 8 MHz (if HSE bypass mode is used)

The parameters given in Table 26 to Table 32 are derived from tests performed under
ambient temperature and supply voltage conditions summarized in Table 22.

Table 26. Typical and maximum current consumption from Vpp supply at Vpp = 1.8v("

All peripherals enabled

All peripherals disabled

Symbol | Parameter | Conditions | fycik Max @ To? Max @ To? Unit
Typ Typ
25°C | 85°C | 105°C 25°C | 85°C [105°C
72MHz |649| 753 | 771 | 84.0 |31.0] 340 | 350 | 36.7
Lo |64MHz|583| 67.0 | 687 | 744 |27.8| 304 | 312 | 327
bypass, |48 MHz|44.8| 505 | 52.0 | 555 |21.3| 231 | 239 | 24.8
PLLon o MHZ[30.7| 339 | 351 | 367 |146| 158 | 164 | 17.1
24 MHz |23.4| 256 | 266 | 275 |[11.3] 121 | 127 | 13.3
Supply
current in HSE 8MHz | 81| 89 | 93 99 | 40| 44 | 48 | 53
Run mode, bypass,
DD | code PLLoff | TMHz | 13| 17 | 20 25 09| 12 | 16 | 20 |MA
executing 64 MHz |54.0| 616 | 632 | 682 |275| 301 | 309 | 323
from Flash
HSI clock, |48 MHz|415| 46.6 | 47.9 | 51.0 |21.1| 229 | 236 | 245
PLLon |32 MHz|284| 313 | 325 | 339 |145| 156 | 16.2 | 16.9
24MHz|21.8| 238 | 248 | 256 | 76| 82 | 88 | 93
HSI clock,
Lo | 8MHZ | 77| 84 | 89 95 | 40| 44 | 48 | 53
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Table 26. Typical and maximum current consumption from Vpp supply at Vpp = 1.8V(") (continued)

All peripherals enabled All peripherals disabled
Symbol | Parameter | Conditions | fycLk Max @ Tp? Max @ Tp® Unit
Typ Typ
25°C | 85°C | 105°C 25°C | 85°C [105°C

72MHz|655| 77.8 | 78.1 86.6 |31.6| 351 356 | 38.0
HSE 64 MHz | 58.7| 69.0 | 69.5 76.5 |28.2| 31.2 31.7 | 337
bypass, |48 MHz|44.8| 51.6 | 52.2 56.6 |21.4| 23.3 23.9 | 251

PLL on 32MHz | 304 | 342 | 349 371 |(14.4| 156 16.1 16.8
24 MHz | 23.1| 25.7 | 26.2 276 [(109| 11.8 122 | 12.8

Supply
current in HSE 8MHz | 7.7 | 84 8.9 9.5 3.6 4.0 4.4 5.0
Run mode, bypass,
code PLL off 1MHz | 1.0 1.3 1.7 2.2 0.5 0.7 1.1 1.7
executing
from RAM 64 MHz | 54.3| 63.3 | 63.9 701 |279| 308 | 31.2 | 33.2

HSl clock |48 MHz |415| 47.3 | 48.0 | 51.9 |21.1| 230 | 235 | 247
PLLon |32 MHz|28.2| 315 | 322 | 341 [14.2| 153 | 159 | 165
24MHz|21.4| 236 | 243 | 255 | 72| 7.8 82 | 88

HSI clock,

PLL off 8MHz | 7.3 7.9 8.4 9.1 3.6 4.0 4.4 4.9

72 MHz |46.4| 54.0 | 54.8 505 | 7.2 7.9 8.4 9.0
HSE 64 MHz | 41.5| 48.0 | 48.8 526 | 6.5 7.1 7.5 8.1
bypass, |48 MHz|31.6| 359 | 36.7 39.0 | 4.9 5.3 5.8 6.4

PLLon o MHz|214| 238 | 247 | 257 | 33| 37 | 42 | 47
Supply 24MHz|16.2| 17.9 | 186 | 194 | 25| 28 33 | 38
current in
Sleep HSE 8MHz | 54| 59 | 65 | 70 |08 1.1 16 | 21
mode, bypass,
code PlLoff | 1MHz |07 | 10 | 14 | 19 |01]| 03 | 07 | 13
executing 64 MHz |37.0| 424 | 433 | 464 |61 | 67 | 72 | 77
from Flash

or RAM HSI clock, |48 MHz|28.2| 318 | 32.7 | 345 | 46| 50 55 | 6.1
PLLon |32 MHz|19.1| 212 | 220 | 229 [ 31| 35 40 | 45
24 MHz |145| 16.0 | 167 | 174 | 17| 20 24 | 29

HSI clock,

PLL off 8MHz | 5.0 | 55 6.0 6.6 0.8 1.1 1.5 2.0

1. To calculate complete device consumption there must be added consumption from VDDA (Table 27).

2. Guaranteed by characterization results.

3

DocID025608 Rev 4 61/131




Electrical characteristics STM32F378xx

Table 27. Typical and maximum current consumption from Vppa supply

VDDA= 24V VDDA= 3.6V
Symbol | Parameter Contzl;)tlons fucoLk Max @ TA(Z) Max @ TA(Z) Unit
Typ Typ
25°C |85°C | 105°C 25°C |85°C | 105°C
72 MHz | 226 | 250 272 279 247 | 268 302 308
HSE 64 MHz | 200 | 223 245 250 218 | 240 267 273
bypass, [48 MHz| 150 | 172 189 194 163 182 207 210
PLL on 32MHz| 103 | 122 137 139 111 130 147 148
Supply
current in 24 MHz | 80 99 109 111 86 102 117 117
Run or HSE | 8MHz | 1 3 3 3 1 3 3 4
Sleep
bypass,
Ippa | mode, PLL off | 1MHz | 1 3 3 4 1 3 4 4 | HA
code
executing 64 MHz | 268 | 293 319 325 296 | 321 351 358
from Flash

or RAM HSlclock, |48 MHz| 219 | 242 | 263 | 267 |241| 263 | 290 | 296
PLLon |32 MHz|171| 193 | 210 | 213 |189| 209 | 230 | 234
24MHz| 148 | 169 | 181 | 184 |[165| 182 | 200 | 203

HSI clock,

PLL off 8 MHz | 68 84 86 87 80 93 95 97

1. Current consumption from the Vppa supply is independent of whether the peripherals are on or off. Furthermore when the
PLL is off, Ippa is independent from the frequency.

2. Guaranteed by characterization results.

Table 28. Typical and maximum Vpp consumption in Stop mode

Max
s Typ@Vpp ;
Symbol Parameter Conditions (Vpp=18 V, Vppa=3.3 V) Ta= Ta= Ta= Unit
25°C | 85°C | 105°C
Supply current .
Ibp in Stop mode All oscillators OFF 5.19 29.2 | 4857 | 10522 | pA
Note: To calculate complete device consumption there must be added consumption from Vppa (Table 29.
Table 29. Typical and maximum Vppa consumption in Stop mode
Typ@Vppa (Vpp= 1.8 V) Max()
Symbol | Parameter | Conditions Unit

TA= TA= TA=

1.8V|2.0V|24V|27V|3.0V(33V |36V, A | Al 0800

Supply All oscillators
Ippa |currentin 0.74 | 0.76 | 0.78 | 0.81 | 0.86 | 0.92 1 8.8 | 10.1 11.6 MA
OFF
Stop mode

1. Data based on characterization results and tested in production.

3
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Table 30. Typical and maximum current consumption from Vgar supply(?

Typ @ Vear Max(?
Symbol | Parameter Conditions 5’ > > > > > > T.= Ta= Ta= Unit
Q|| ||~ |m @ A= A= A=
e || | & [ & | @ | ® |25°C|85°C 105°C
I n n n n n n
LSE & RTC ON;
Xtal mode” lower | 5,16 551 0 55| 0.63(0.70(0.67|0.95| 11 | 16 | 22
Backup driving capability;
I | domain LSEDRV[1:0] = '00' A
VBAT | supply LSE & RTC ON; g
current " "o
Xtal mode” higher | a5 | 90 93| 1.02|1.10[127[1.38| 16 | 24 | 30
driving capability;
LSEDRV[1:0] = "11'

1. Crystal used: Abracon ABS07-120-32.768kHz-T with 6 pF of CL for typical values.

2. Guaranteed by characterization results.

3

Figure 12. Typical Vgt current consumption (LSE and RTC ON/LSEDRV[1:0]="00")
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0 T T 1
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Ty (°C)
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Typical current consumption

The MCU is placed under the following conditions:

Vpp = 1.8V, Vppa = Vppsp12 = Vppspz = 3.3 V

All I/O pins are in analog input configuration

The Flash access time is adjusted to fyc k frequency (0 wait states from 0 to 24 MHz,
1 wait state from 24 to 48 MHz and 2 wait states from 48 MHz to 72 MHz)

Prefetch is ON

When the peripherals are enabled, fapg1 = faHr/2, fape2 = fAHB

PLL is used for frequencies greater than 8 MHz

AHB prescaler of 2, 4, 8, 16 and 64 is used for the frequencies 4 MHz, 2 MHz, 1 MHz,

500 kHz and 125 kHz respectively

Table 31. Typical current consumption in Run mode, code with data processing running from

Flash
Typ
Symbol Parameter Conditions fHeoLk Peripherals | Peripherals Unit
enabled disabled
72 MHz 61.0 28.6
64 MHz 54.7 25.7
Running from HSE
crystal clock 8 MHz, 48 MHz 42.0 20.0
code executing 32 MHz 28.5 13.7
from Flash, PLL on
24 MHz 21.8 10.5
Supply current in 16 MHz 14.6 7.3
Ibp Run mode from mA
4 MHz 4.3 2.2
Running from HSE
crystal clock 8 MHz, 2 MHz 2.5 1.4
code executing 1 MHz 16 1.0
from Flash, PLL off
500 kHz 1.2 0.8
125 kHz 0.9 0.6
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Table 31. Typical current consumption in Run mode, code with data processing running from
Flash (continued)

Typ
Symbol Parameter Conditions fHeoLk Peripherals | Peripherals Unit
enabled disabled
72 MHz 243.1 243.1
64 MHz 2141 214 1
Running from HSE
crystal clock 8 MHz, 48 MHz 159.4 159.4
code executing 32 MHz 109.1 109.1
from Flash, PLL on
24 MHz 84.7 84.7
Supply current in 16 MHz 60.6 60.6
Iopa™M®@ | Run mode from A
4 MHz 1.0 1.0
Running from HSE
crystal clock 8 MHz, 2 MHz 1.0 1.0
code executing 1 MHz 1.0 1.0
from Flash, PLL off
500 kHz 1.0 1.0
125 kHz 1.0 1.0
Supply currents in
| + Run mode from
ISDADC12 VDDSD12 and - - 2.5 1 UA
SDADC3 VDDSD3 (SDADCS
are off)

1. Vppa monitoring is off, Vppgp42 monitoring is off.

2. When peripherals are enabled, power consumption of the analog part of peripherals such as ADC, DACs, Comparators,
etc. is not included. Refer to those peripherals characteristics in the subsequent sections.

3
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Table 32. Typical current consumption in Sleep mode, code running from Flash or RAM

Typ
Symbol Parameter Conditions fHeoLk Peripherals | Peripherals Unit
enabled disabled
72 MHz 42.6 6.7
Running from HSE 64 MHz 38.0 6.0
crystal clock 8 MHz, 48 MHz 28.7 45
code executing
from Flash or RAM, 32 MHz 19.3 3.1
PLL on 24 MHz 14.6 2.4
Supply current in 16 MHz 98 17
Ipp Sleep mode from mA
Vpp supply 8 MHz 4.8 0.8
Running from HSE 4 MHz 3.0 0.7
crystal clock 8 MHz, 2 MHz 1.9 0.6
code executing
from Flash or RAM, 1 MHz 1.3 0.6
PLL off 500 kHz 1.0 06
125 kHz 0.8 0.5
72 MHz 243.1 243.1
Running from HSE | 64 MHz 2141 214.1
crystal clock 8 MHz, 48 MHz 159.4 159.4
code executing
from Flash or RAM, 32 MHz 109.1 109.1
PLL on 24 MHz 84.7 84.7
Supply current in 16 MHz 60.6 60.6
Iopat" Sleep mode from uA
Vppa supply 8 MHz 1.0 1.0
Running from HSE 4 MHz 1.0 1.0
crystal clock 8 MHz, 2 MHz 1.0 10
code executing
from Flash or RAM, 1 MHz 1.0 1.0
PLL off 500 kHz 1.0 1.0
125 kHz 1.0 1.0

1. Vppa monitoring is off, Vppsp12 monitoring is off.

3
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Caution:

3

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 50: I/O static characteristics.

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

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 and SDADC 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. Under reset conditions all I/Os are configured in input floating mode -
so if some inputs do not have a defined voltage level then they can generate additional
consumption. This consumption is visible on Vpp supply and also on Vppgp, supply
because some |/Os are powered from SDADCXx supply (all I/Os which have SDADC analog
input functionality).

I/O dynamic current consumption

In addition to the internal peripheral current consumption (see Table 34: 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 1/O pin: C = C\y1+ Cgxt+ Cs
Cg is the PCB board capacitance including the pad pin.

The test pin is configured in push-pull output mode and is toggled by software at a fixed
frequency.
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Table 33. Switching output I/O current consumption

. ™) 1/0 toggling .

Symbol Parameter Conditions frequency (fsy) Typ Unit
2 MHz 0.09
4 MHz 0.17
Vpp = 1.8V 8 MHz 0.34
Coxt = 0 PF 18 MHz 0.79

C=Cinr + Cext* Cs :

36 MHz 1.50
48 MHz 2.06
2 MHz 0.13
4 MHz 0.26
Vpp = 1.8V 8 MHz 0.50

Cext = 10 pF mA
C = Cpur + Cexr+ CS 18 MHz 1.18
36 MHz 2.27
48 MHz 3.03
2 MHz 0.18
| /0 current Vpp = 1.8V 4 MHz 0.36

sw . :
consumption Coxt = 22 PF 8 MHz 0.69
C=Cint + Cexr*+ CS 18 MHz 1.60
36 MHz 3.27
2 MHz 0.23
Vpp = 1.8V 4 MHz 0.45
Coxt = 33 pF 8 MHz 0.87
C=Cint + Cext* Cs 18 MHz 2.0
36 MHz 3.7
mA
2 MHz 0.29
Vpp = 1.8V 4 MHz 0.55
Coxt = 47 PF 8 MHz 1.09
C=Cint + Cexr* Cs 18 MHz 243
1. Cg =5 pF (estimated value).
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On-chip peripheral current consumption

The MCU is placed under the following conditions:
e Alll/O pins are in analog input configuration.
e  All peripherals are disabled unless otherwise mentioned.
e The given value is calculated by measuring the current consumption
— with all peripherals clocked off;
— with only one peripheral clocked on.
¢  Ambient operating temperature at 25°C and Vpp = 1.8 V, Vppa = Vbpsp12 = Vbbpsps =

3.3V.
Table 34. Peripheral current consumption
Peripheral Typical consumptionm Unit
AHB peripherals -
BusMatrix(@) 6.9
DMA1 18.3
DMA2 48
CRC 2.6
GPIOA 12.2
GPIOB 11.9
GPIOC 43
GPIOD 12.0
GPIOE 4.4
GPIOF 3.7
TSC 5.7
APB?2 peripherals
APB2-Bridge(® 4.2 HAMKz
SYSCFG & COMP 2.8
ADC1 17.7
SPI1 12.3
USART1 229
TIM15 15.7
TIM16 12.2
TIM17 121
TIM19 18.5
SDACA1 10.8
SDAC2 10.5
SDAC3 10.3
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Table 34. Peripheral current consumption (continued)
Peripheral Typical consumptionm Unit
APB1 peripherals
APB1-Bridge® 6.9
TIM2 47.9
TIM3 36.8
TIM4 36.9
TIM5 45.5
TIM6 8.4
TIM7 8.2
TIM12 21.3
TIM13 14.2
TIM14 14.4
TIM18 10.1
WWDG 4.7 MA/MHZz
SPI2 24.3
SPI3 253
USART2 45.3
USART3 431
12C1 14.0
12C2 13.9
CAN 38.1
DAC2 7.7
PWR 54
DAC1 14.8
CEC 54

6.3.5
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1. When peripherals are enabled, power consumption of the analog part of peripherals such as ADC, DACs,
Comparators, etc. is not included. Refer to those peripherals characteristics in the subsequent sections.

The BusMatrix is automatically active when at least one master is ON (CPU, DMA1 or DMA2).

3. The APBx Bridge is automatically active when at least one peripheral is ON on the same Bus.

Wakeup time from low-power mode

The wakeup times given in Table 44 are measured from the wakeup event trigger to the first
instruction executed by the CPU. The clock source used to wake up the device depends
from the current operating mode:

e  Stop or sleep mode: the wakeup event is WFE.

e  The WKUP1 (PAO) pin is used to wakeup from stop and sleep modes.

All timings are derived from tests performed under ambient temperature and Vpp supply
voltage conditions summarized in Table 22.
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Table 35. Low-power mode wakeup timings
Symbol Parameter Conditions Typ @VD_D =18V, | Max Unit
Vppa=3.3V
twusTop Wakeup from Stop mode - 3.6 5.21 us
CPU
twusLEEP Wakeup from Sleep mode | After WFE instruction 6 clock
cycles
Startup after NPOR
twuPoRr Wakeup from Power off state pin release 62.6 100 ps
6.3.6 External clock source characteristics

3

High-speed external user clock generated from an external source

In bypass mode the HSE oscillator is switched off and the input pin is a standard GPIO.

The external clock signal has to respect the I/O characteristics in Section 6.3.13. However,
the recommended clock input waveform is shown in Figure 13.

Table 36. High-speed external user clock characteristics

Symbol Parameter(!) Conditions Min Typ Max Unit
CSSisonor
. 1
User external clock source PLL is used
fHSE_ext 8 MHz
— frequency CSS is off, 0
PLL not used
Vusen | OSC_IN input pin high level voltage - 0.7 Vpp - Vb v
Vuser | OSC_IN input pin low level voltage - Vss - 0.3 Vpp
tw(HSEH) OSC_IN high or low time - 15 -
tw(HSEL) s
trHsE) OSC_IN rise or fall time - - -
tiHsE)
1. Guaranteed by design.
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Figure 13. High-speed external clock source AC timing diagram

VHSEH

VHSEL

tw(HSEH?
—

MS19214V2

Low-speed external user clock generated from an external source

In bypass mode the LSE oscillator is switched off and the input pin is a standard GPIO.

The external clock signal has to respect the I/O characteristics in Section 6.3.13. However,
the recommended clock input waveform is shown in Figure 14.

Table 37. 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 N9 - 0.7Vpp | - Vbp
Vv
OSC32_IN input pin low level
VLSEL | yoltage PP - Vss - 0.3Vbp
fw(LSEH) 0OSC32_IN high or low time - 450 - -
tw(LsEL) o
tLSE) | 0SC32 IN rise or fall time ; ; ; 50
tiLsE)

1. Guaranteed by design.
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3

Figure 14. Low-speed external clock source AC timing diagram

VLSEH

VLSEL

MS19215V2

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

The high-speed external (HSE) clock can be supplied with a 4 to 32 MHz crystal/ceramic
resonator oscillator. All the information given in this paragraph are based on design
simulation results obtained with typical external components specified in Table 38. 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 38. HSE oscillator characteristics

Symbol Parameter Conditions(! Min@ | Typ |Max(?® | Unit
fosc in | Oscillator frequency - 4 8 32 MHz
Re Feedback resistor - - 200 - kQ
During startup(®) - - 8.5
Vpp=1.8V,Rm=30Q, s |l
CL= 10 pF@8 MHz
Vpp = 1.8V, Rm=45Q s | -

CL=10 pF@8 MHz
Ibp HSE current consumption Vpp = 1.8V, Rm= 30 Q mA
CL=5 pF@32 MHz
Vpp=1.8V,Rm=30¢Q
CL=10 pF@32 MHz

Vpp = 1.8V, Rm=30Q
CL= 20 pF@32 MHz

Im Oscillator transconductance Startup 10 - - mA/N

tsuse)? | Startup time Vpp is stabilized - 2 - ms

1. Resonator characteristics given by the crystal/ceramic resonator manufacturer.
2. Guaranteed by design.

3. This consumption level occurs during the first 2/3 of the tsy(nsg) startup time
4

tsu(Hsk) is the startup time measured from the moment it is enabled (by software) to a stabilized 8 MHz
oscillation is reached. This value is measured for a standard crystal resonator and it can vary significantly
with the crystal manufacturer
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Note:
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For C 4 and C| », it is recommended to use high-quality external ceramic capacitors in the
5 pF to 20 pF range (typ.), designed for high-frequency applications, and selected to match
the requirements of the crystal or resonator (see Figure 15). 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 electing the crystal, refer to the application note AN2867 “Oscillator
design guide for ST microcontrollers” available from the ST website www.st.com.

Figure 15. Typical application with an 8 MHz crystal

Resonator with integrated

capacitors
Cui
| - OSC_IN _ fuse
| _L Bias
1

i 8MHz controlled
: resonator Re gain

(1) 0SsC_ouT

MS19876V1

1. Rgxt value depends on the crystal characteristics.
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Low-speed external clock generated from a crystal resonator

The low-speed external (LSE) clock can be supplied with a 32.768 kHz crystal resonator
oscillator. All the information given in this paragraph are based on design simulation results
obtained with typical external components specified in 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. LSE oscillator characteristics (f_sg = 32.768 kHz)

Symbol

Parameter

Conditions(V

Min(2)

Typ

Max(?

Unit

LSE current consumption

LSEDRV[1:0]=00
lower driving capability

0.5

0.9

LSEDRV[1:0]= 10
medium low driving capability

LSEDRV[1:0] = 01
medium high driving capability

1.3

LSEDRV[1:0]=11
higher driving capability

1.6

MA

Im

Oscillator
transconductance

LSEDRV[1:0]=00
lower driving capability

LSEDRV[1:0]= 10
medium low driving capability

LSEDRV[1:0] = 01
medium high driving capability

15

HAN

LSEDRV[1:0]=11
higher driving capability

25

3

tsu(se)

)

Startup time

Vpp is stabilized

2

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

Guaranteed by design.

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

Note:

3

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 16. Typical application with a 32.768 kHz crystal

Resonator with
integrated capacitors

G
R I ‘\‘ —-0SC32_IN I; fLsE
':' \‘ L Drive
132.768 kHz programmable
' - ,resonator amplifier
= I I I . 1
AR . LT
~eso.- 0SC32_0UT
CL2
MS30253V1
Note: An external resistor is not required between OSC32_IN and OSC32 _OUT and itis forbidden
to add one.
6.3.7 Internal clock source characteristics

The parameters given in Table 40 are derived from tests performed under ambient
temperature and supply voltage conditions summarized in Table 22.

The provided curves are characterization results, not tested in production.
High-speed internal (HSI) RC oscillator

Table 40. HSI oscillator characteristics(!

Symbol Parameter Conditions Min Typ Max Unit
fusi Frequency - - 8 - MHz
TRIM HSI user trimming step - - - 1(2) %
DuCynsiy |Duty cycle - 45@) - 55(2) %
Ta =40 to 105 °C 380 | - 46% | %
Accuracy of the HSI To=-10t085°C —2.93) - 2.9(3) %
ACChg oscillator (factory
calibrated) To=0to70°C 238 - 220 %
Tpo=25°C -1 - 1 %
HSI oscillator startu
BSuHsh | time P - 10) - 2 Hs
HSI oscillator power
Ibp(Hsi) consumption P ) ) 80 | 100 | A

1. Vppa =3.3V, Ty =—40to 105 °C unless otherwise specified.
Guaranteed by design.
Guaranteed by characterization results.

3
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Figure 17. HSI oscillator accuracy characterization results
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Low-speed internal (LSI) RC oscillator
Table 41. LS| oscillator characteristics(!)
Symbol Parameter Min Typ Max Unit
fLsi Frequency 30 40 60 kHz
tsu(l_3|)(2) LS| oscillator startup time - - 85 us
Ioosy® | LS! oscillator power consumption - 0.75 1.2 HA
1. Vppa = 3.3V, Ty =—40to 105 °C unless otherwise specified.
2. Guaranteed by design.
PLL characteristics
The parameters given in Table 42 are derived from tests performed under ambient
temperature and supply voltage conditions summarized in Table 22.
Table 42. PLL characteristics
Value
Symbol Parameter Unit
Min Typ Max
. PLL input clock(") 1) - 24) MHz
PLLIN PLL input clock duty cycle 40®) - 60 %
foLL ouT PLL multiplier output clock 16() - 72 MHz
tLock PLL lock time - - 200 us
Jitter Cycle-to-cycle jitter - - 3001 ps

1. Take care of using the appropriate multiplier factors so as to have PLL input clock values compatible with
the range defined by fp| | ouT:

2. Guaranteed by design.
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6.3.9 Memory characteristics

Flash memory

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

Table 43. Flash memory characteristics

Symbol Parameter Conditions Min Typ Max(") | Unit
torog | 16-bit programming time | Tp =40 to +105 °C 40 53.5 60 ys
terase | Page (2 kB) erase time | Tp=-40to +105 °C 20 - 40 ms
tye | Mass erase time Tp=-40to +105 °C 20 - 40 ms
Write mode - - 10 mA
Ibp Supply current
Erase mode - - 12 mA

1. Guaranteed by design.

Table 44. Flash memory endurance and data retention

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

1. Guaranteed by characterization results.

2. Cycling performed over the whole temperature range.

3
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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.

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

A device reset allows normal operations to be resumed.

The test results are given in Table 45. They are based on the EMS levels and classes
defined in application note AN1709.

Table 45. EMS characteristics

Symbol Parameter Conditions I&T::g
y Voltage limits to be applied on any 1/O pin F/DD =_1 fZVMhCZ)FP1OO’ Ta=+25°C, -
FESD : ; ; HCLK =
to induce a functional disturbance conforms to IEC 61000-4-2
Fast transient voltage burst limits to be | Vpp = 1.8V, LQFP100, T = +25 °C,
Verrg | applied through 100 pF on Vpp and Vgg | fyok = 72 MHz 4A
pins to induce a functional disturbance conforms to IEC 61000-4-4

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.
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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 is
executed (toggling 2 LEDs through the I/O ports). This emission test is compliant with
IEC 61967-2 standard which specifies the test board and the pin loading.

Table 46. EMI characteristics

. Max vs. [fHSE/fHCLK]
Symbol | Parameter Conditions Monitored Unit
frequency band 8/72 MHz

0.1 to 30 MHz 16
Vpp-1.8 V, Ty-25°C,
LQFP100 package 30 to 130 MHz 20 dBuVv

Semi Peak level . .

compliant with IEC 130 MHz to 1 GHz 26
61967-2

SAE EMI Level 4 -

Electrical sensitivity characteristics

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 JESD22-A114/C101 standard.

Table 47. ESD absolute maximum ratings

Maximum

value() Unit

Symbol Ratings Conditions Class

Ta=+25°C,
conforming to JESD22- 2 2000
A114

Electrostatic discharge

VEsp(HBM) voltage (human body model)

Tpo=+25 °C,

conforming to
ANSI/ESD STM5.3.1, I 500
LQFP100, LQFP64, \%
Electrostatic discharge LQFP48 and BGA100

VEesp(cpwm) | voltage (charge device packages
model)

Tp=+25°C,
conforming to JESD22-
C101, WLCSP66
package

Il 250

1. Guaranteed by characterization results.
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Static latch-up

Two complementary static tests are required on six parts to assess the latch-up
performance:

e A supply overvoltage is applied to each power supply pin

e A current injection is applied to each input, output and configurable 1/0O pin

These tests are compliant with EIA/JJESD 78A IC latch-up standard.

Table 48. Electrical sensitivities

Symbol Parameter Conditions Class

LU Static latch-up class Tp = +105 °C conforming to JESD78A Il level A

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 susceptibility to I/O current injection

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

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

The test results are given in Table 49.
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Table 49. 1/0 current injection susceptibility

Functional
susceptibility
Symbol Description Unit
Negative | Positive
injection | injection
Injected current on BOOTO pin -0 NA
Injected current on PCO pin -0 +5
Injected current on TC type I/O pins on VDDSD12 power
domain: PE7, PES8, PE9, PE10, PE11, PE12, PE13, PE14, 5 +5
PE15, PB10 with induced leakage current on other pins from
this group less than -50 pA
| Injected current on TC type I/O pins on VDDSD3 power mA
INJ" | domain: PB14, PB15, PD8, PD9, PD10, PD12, PD13, PD14, 5 5
PD15 with induced leakage current on other pins from this
group less than -50 pA
Injected current on TTa type pins: PA4, PA5, PA6 with induced
: . -5 +5
leakage current on adjacent pins less than -10 pA
Injected current NPOR pin and on any other FT and FTf pins -5 NA
Injected current on any other pins -5 +5

It is recommended to add a Schottky diode (pin to ground) to analog pins which may
potentially inject negative currents.
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6.3.13 /0 port characteristics
General input/output characteristics
Unless otherwise specified, the parameters given in Table 50 are derived from tests
performed under the conditions summarized in Table 22. All I/Os are CMOS and TTL
compliant.
Table 50. I/O static characteristics (1)
Symbol Parameter Conditions Min Typ Max Unit
TC and TTa l/O - - | 0.3vpp+0.07
vo | Low levelinput FT and FTf /O - - ]0.475Vpp-0.22)
' | voltage BOOTO - - | 0.3Vpp-0.3@
All I/Os except BOOTO pin - - 0.3Vpp v
TC and TTa l/O 0.445Vpp+0.3984) | - -
v High level input FT and FTf1/O 0.5Vpp40.2” - -
" | voltage BOOTO 0.2Vpp+0.95@ | - ]
All I/Os except BOOTO pin 0.7Vpp - -
TCand TTa l/O - 200 -
Ve | SCnmitt trigger FT and FTf /O - 100@ - mv
Y hysteresis
BOOTO - 30012) -
TC, FT, FTf and POR I/O
TTa in digital mode - - 0.1
Vss <ViN <Vpp
TTa in digital mode ) ) 1
Vop <ViN <Vbpa
Input leakage -
likg current @) TTa in analog mode ) ) +0.2 A
Vss <ViN <Vppa
FT and FTf /O ® ) ) 10
Vpp VNSV
POR ) ) 10
VDDA < V|N <5V
Weak pull-up
Rpy |equivalent VIN=Vss 25 40 55
resistor(*)
kQ
Weak pull-down
Rpp |equivalent ViN = VoD 25 40 55
resistor(4)
Cio |1/O pin capacitance - - 5 - pF

1. VDDSD12 is the external power supply for the PB10, and PE7 to PE15 I/O pins (the I/O pin ground is internally connected
to VSS). VDDSD3 is the external power supply for PB14 to PB15 and PD8 to PD15 I/O pins (the 1/O pin ground is internally
connected to VSS). For those pins all Vpp supply references in this table are related to their given VDDSDx power supply.

2. Guaranteed by design.

>

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

S74
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Leakage could be higher than maximum value, if negative current is injected on adjacent pins.

Pull-up and pull-down resistors are designed with a true resistance in series with a switchable PMOS/NMOS. This
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Note: I/O pins are powered from Vpp voltage except pins which can be used as SDADC inputs:
- The PB10 and PE7 to PE15 I/O pins are powered from Vppsp1o-

- PB14 to PB15 and PD8 to PD15 I/O pins are powered from Vppsps. All I/O pin ground is
internally connected to Vgg.

Vpp mentioned in the Table 50 represents power voltage for a given I/O pin (Vpp or
Vppsp12 o Vppspy)-

All I/Os are CMOS and TTL compliant (no software configuration required). Their
characteristics cover more than the strict CMOS-technology parameters. The coverage of
these requirements is shown in Figure 18 for standard I/Os, and in Figure 19 for 5V tolerant
I/Os. The following curves are design simulation results, not tested in production.

Figure 18. TC and TTa /O input characteristics
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Figure 19. Five volt tolerant (FT and FTf) I/O input characteristics
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Output driving current

The GPIOs (general purpose input/outputs) can sink or source up to £ 8 mA, and sink or
source up to + 20 mA (with a relaxed Vg, Vop).
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In the user application, the number of 1/0O pins which can drive current must be limited to

respect the absolute maximum rating specified in Section 6.2:

e  The sum of the currents sourced by all the 1/0Os on all VDD_x and VDDSDx, plus the
maximum Run consumption of the MCU sourced on Vpp cannot exceed the absolute
maximum rating Slypp (see Table 20).

e  The sum of the currents sunk by all the I/Os on all VSS_x and VSSSD, plus the
maximum Run consumption of the MCU sunk on Vgg cannot exceed the absolute
maximum rating Slygg (see Table 20).

Output voltage levels

Unless otherwise specified, the parameters given in Table 51 are derived from tests
performed under ambient temperature and Vpp supply voltage conditions summarized in
Table 22. All I/Os are CMOS and TTL compliant (FT, TTa or TC unless otherwise specified).

Table 51. Output voltage characteristics (1

Symbol Parameter Conditions Min Max | Unit
lio = +4 mA
VoL@ | Output low level voltage for an I/O pi 10 - 0.4
oL utputlow level voltage foran /O pin |\~ Vpp < 1.95V
Output high level voltage for an 1/0 lio=+4 mA
Vou® |2 Vpp-04 | -
OF Ipin 165V <Vpp<1.95V | PP
Vi, (2(4) Output low level voltage for an I/0O pin ) 04
oL powered by VDDSDx(") o = +8 mA '
Vi, (3)4) | Output high level voltage for an 1/O 2.7V <VDDSDx <36V vDDSDx| v
OH pin powered by VDDSDx(") -0.4
VOL(2)(4) Output low level voltag1e for an 1/0 pin i 13
powered by VDDSDx(") lio=+20 mA
\/.~.(3)4) | Output high level voltage for an 1/O 2.7V <VDDSDx<3.6V|vDDSDx|
OH pin powered by VDDSDx(") -1.3
Vv (2) | Output low level voltage for a FTf /O lio =+10 mA i 0.4
OLFM+" " pins in FM+ mode 1.65V <Vpp<1.95V '

1. VDDSD12 is the external power supply for the PB10, and PE7 to PE15 1/O pins (the 1/O pin ground is
internally connected to VSS). VDDSD3 is the external power supply for PB14 to PB15 and PD8 to PD15
I/0 pins (the I/O pin ground is internally connected to VSS). For those pins all Vpp supply references in this
table are related to their given VDDSDx power supply.

2. The o current sunk by the device must always respect the absolute maximum rating specified in Table 20
and the sum of |jg (/O ports and control pins) must not exceed lysgs)-

3. The l,g current sourced by the device must always respect the absolute maximum rating specified in
Table 20 and the sum of I, (I/O ports and control pins) must not exceed lypps) -

4. Guaranteed by design.

I/0 pins are powered from Vpp voltage except pins which can be used as SDADC inputs:
- The PB10 and PE7 to PE15 I/O pins are powered from Vppsp1o-

- PB14 to PB15 and PD8 to PD15 I/O pins are powered from Vppsps. All I/O pin ground is
internally connected to Vgg.

Vpp mentioned in the Table 51 represents power voltage for a given I/O pin (Vpp or
Vbpsp12 O Vppspa)-
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Input/output AC characteristics

The definition and values of input/output AC characteristics are given in Figure 20 and
Table 52, respectively.

Unless otherwise specified, the parameters given are derived from tests performed under
ambient temperature and Vpp supply voltage conditions summarized in Table 22.

Table 52. /0 AC characteristics(!

O_SPEEDR(% Symbol Parameter Conditions Min | Max | Unit
[1:0] value
fmax(o)out | Maximum frequency® | C_ =50 pF, Vpp=1.65V to 1.95V - 1 MHz
Output high to low level ) 3)
x0 iojout | fal time 125
C_=50pF, Vpp=1.65Vto1.95V ns
t Output low to high level 12503)
r(l0)out | rise time )
fmax(iojout | Maximum frequency® | C_ =50 pF, Vpp=1.65Vto 1.95V | - 4 | MHz
Output high to low level
01 100wt | fal time | 828
C_=50pF, Vpp=1.65Vto 1.95V ns
t Output low to high level 625
r(I0)out | rise time ) '
fmax(Oyout | Maximum frequency®®) | C| = 50 pF, Vpp=1.65V1t01.95V | - 10 | MHz
Output high to low level _ _
1 tf(IO)out fall ime CL =50 pF, VDD =165Vt01.95V - 25
ns
Output low to high level
tojout rise‘;ime 9 CL=50pF,Vpp=165Vt01.95V | - | 25
fmax(o)out | Maximum frequency® - 0.5 | MHz
FM+ t Output high to low level ) 16
configuration | fIO)out 3] time CL =50 pF, Vpp = 1.65Vt0 1.95 V
4) ns
t Output low to high level 44
r(l0)out | rise time )
Pulse width of external
- texTipw | Signals detected by the - 10 - ns
EXTI controller

1. The I/O speed is configured using the OSPEEDRX[1:0] bits. Refer to the RM0313 reference manual for a description of
GPIO Port configuration register.

The maximum frequency is defined in Figure 20.
Guaranteed by design.

The 1/O speed configuration is bypassed in FM+ /0O mode. Refer to the STM32F37xx reference manual RM0313 for a
description of FM+ 1/O mode configuration

3
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Figure 20. /0 AC characteristics definition
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6.3.14 NRST and NPOR pins characteristics
NRST pin characteristics
The NRST pin input driver uses CMOS technology. It is connected to a permanent pull-up
resistor, Rp (see Table 50).
Unless otherwise specified, the parameters given in Table 53 are derived from tests
performed under ambient temperature and Vpp supply voltage conditions summarized in
Table 22.
Table 53. NRST pin characteristics
Symbol Parameter Conditions Min Typ Max Unit
ViLnrsT)!? |NRST Input low level voltage - - - 10.3Vpp + 0.07(") y
VignrsT)!” | NRST Input high level voltage - 0.445Vpp + 0.3981 | - -
(1) | NRST Schmitt trigger voltage ) ) )
Vhys(NRST) hysteresis 200 mV
Rpy Weak pull-up equivalent resistor(?) VIN=Vss 25 40 55 kQ
VF(NRST)(” NRST Input filtered pulse - - - 100 ns
VnenrsT)!! | NRST Input not filtered pulse - 700 - - ns
1. Guaranteed by design.
2. The pull-up is designed with a true resistance in series with a switchable PMOS. This PMOS contribution to the series
resistance is minimal (~10% order).
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Figure 21. Recommended NRST pin protection
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1. The reset network protects the device against parasitic resets.

2. The user must ensure that the level on the NRST pin can go below the V| (vrsT) max level specified in
Table 53. Otherwise the reset will not be taken into account by the device.

NPOR pin characteristics

The NPOR pin input driver uses CMOS technology. It is connected to a permanent pull-up

resistor to the

VDDA! RPU (see Table 50)

Unless otherwise specified, the parameters given in Table 54 are derived from tests
performed under ambient temperature and Vppa supply voltage conditions summarized in

Table 22.
Table 54. NPOR pin characteristics
Symbol Parameter Conditions Min Typ Max Unit
ViLneor)" | NPOR Input low level voltage - . i 0-4?2\./209;\
\Y
Vinneor)" [NPOR Input high level voltage - Of\(/)'?zDA - -
1) | NPOR Schmitt trigger voltage
Vhysvpor) hysteresis ) ) 100 ) mv
Rpy Weak pull-up equivalent resistor®) | Vjy=Vsg 25 40 55 kQ

1. Guaranteed by design.

2. The pull-up is designed with a true resistance in series with a switchable PMOS. This PMOS contribution to
the series resistance is minimal (~10% order).
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6.3.15 Communications interfaces
I2C interface characteristics
The I°C interface meets the requirements of the standard I°C communication protocol with
the following restrictions: the 1/0 pins SDA and SCL are mapped to 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.
The I°C characteristics are described in Table 55. Refer also to Section 6.3.13: /O port
characteristics for more details on the input/output alternate function characteristics (SDA
and SCL).
Table 55. I2C characteristics(")
Standard Fast mode Fast mode +
Symbol Parameter Unit
Min Max Min Max Min Max
fscL SCL clock frequency 0 100 0 400 0 1000 KHz
tLow Low period of the SCL clock 4.7 - 1.3 - 0.5 - us
thigH High Period of the SCL clock 4 - 0.6 - 0.26 - Ms
tr Rlse time of both SDA and SCL ) 1000 ) 300 ) 120 ns
signals
" F.aII time of both SDA and SCL ) 300 ) 300 ) 120 ns
signals
tup.par | Data hold time 0 - 0 - 0 - VE
typpar | Data valid time - 3.45(2) - 0.9? - 1045@ | us
tvp:.ack | Data valid acknowledge time - 3.450) - 0.9 - 0.45() ps
tsupar | Data setup time 250 - 100 - 50 - ns
Hold time (repeated) START
tHD;STA condition 4.0 - 0.6 - 0.26 - us
Set-up time for a repeated
tsusta | START 4.7 - 0.6 - 0.26 - us
condition
tsu:sto | Set-up time for STOP condition 4.0 - 0.6 - 0.26 - ps
Bus free time between a
'8UF | STOP and START condition 4.7 - 13 - 05 - s
Cy Capacitive load for each bus line - 400 - 400 - 550 pF

1. The 12C characteristics are the requirements from the 12C bus specification rev03. They are guaranteed by
design when the [12Cx_TIMING register is correctly programmed (refer to reference manual). These
characteristics are not tested in production.

2. The maximum typ.pat could be 3.45 us, 0.9 ps and 0.45 us for standard mode, fast mode and fast mode
plus, but must be less than the maximum of typ.pat OF typ.ack PY @ transition time.

3

DocID025608 Rev 4 89/131




Electrical characteristics STM32F378xx

Table 56. I2C analog filter characteristics!!)

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

1. Guaranteed by design.
2. Spikes width below tag(min) are filtered.
3. Spikes width above typ(max) are not filtered.

Figure 22. I2C bus AC waveforms and measurement circuit
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1. Legend: Rs: Series protection resistors. Rp: Pull-up resistors. Vpp |o¢: 12C bus supply.
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SPI/I?S characteristics

Unless otherwise specified, the parameters given in Table 57 for SPI or in Table 58 for 1°S
are derived from tests performed under ambient temperature, fpc| kx frequency and Vpp
supply voltage conditions summarized in Table 22.

Refer to Section 6.3.13: /O port characteristics for more details on the input/output alternate
function characteristics (NSS, SCK, MOSI, MISO for SPI and WS, CK, SD for I°S).

Table 57. SPI characteristics

Symbol Parameter Conditions Min Max | Unit
Master mode (C = 30 pF) - 18
fsck (1) | SPI clock frequency MHz
1te(sck) Slave mode - 18
tsc SPI clock rise and fal Capacitive load: C = 30 pF - 8 ns
tf(SCK) time
DuCy(sck)™ | SPI slaveinputclock g 0 046 30 70 | %
duty cycle
tsu(Nss)“) NSS setup time Slave mode 2Tpclk -
thnss)” | NSS hold time Slave mode 4Tpclk -
(1) =
’t\,‘,(SCK,_D1 SCK high and low time Master_mode, fecLk = 36 MHz, | Tpclk/2 | Tpclk/2
tW(SCKL) presc = 4 -3 +3
t ) Master mode 55 -
suMb 4y | Data input setup time
tsu(siy Slave mode 6.5 -
thom) U Master mode 5 -
Data input hold time ns
th(s|)(1) Slave mode 5 -
ta(so)(”(z) Data output access time | Slave mode, fpc k = 24 MHz 0 4Tpclk
tyisso) ¥ | Data output disable time | Slave mode 0 24
ty(so) O Data output valid time | Slave mode (after enable edge) - 39
t\,(Mo)“) Data output valid time | Master mode (after enable edge) - 3
thsol ! Slave mode (after enable edge) 15 -
(50) Data output hold time
th(Mo)“) Master mode (after enable edge) 4 -

1. Guaranteed by characterization results.

2. Min time is for the minimum time to drive the output and the max time is for the maximum time to validate

the data.

3. Min time is for the minimum time to invalidate the output and the max time is for the maximum time to put
the data in Hi-Z.
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Figure 23. SPI timing diagram - slave mode and CPHA =0

NSS input \ /.

tsunss) ! d te(SCK) ——— th(NSS) _,<—>::
I I = I "
5 [cPHA=0 | . . , .\ /: \ |
= 1
< [cPoL=0 hu(SCKH) X : ! ! !
5 CPHA=0 | tw(SCKL) 1 " ! 1 ' I
@ [CPOL=1 , . . | ! ) .
I I ! - \ I
1
' o tv(S0) Te&—» th(SO) ~t—p1 - L(SCK) tdis(SO) ~—p
ta(s0) te—>; 1 ! X T tf(SCK) T .
1 ] ! - 1 1
ou%ﬁ? —( :E MSB OUT X BIT6 OUT X LSB OUT )—
- 1
tsu(sl) —>.—:<:—
1
MOSI -
INPUT X . MSBIN X BIT1IN X LSBIN X
e th(Sl) ——p
ai14134c
Figure 24. SPI timing diagram - slave mode and CPHA = 1)
NSS input \ A
N = 1
tSUNSS) e— le— te(sok) ——» th(NSS) —:<—>::
! ! 1 1 | 1 |
5 | cPHA=1 | /'. .\' / \' / N !
£ | CPOL=0 T 1 1 f - | |
(SCKH) 1 | ' 1 | h
S | cPHA=1 tw(SCKL) ;| ¥ ! ! ! ¥ !
® | CPOL=1 T | ) \ !
: ' A ' ) : !
I 1
t : :: tv(so) —>:—'<— th(S0) La—p tr(SCK)-bf-:<- tdis(SO) —:<—>|
a(SO) Pr—re N ! ' ti(SCK) |

MISO o -
OUmSO 4CX MSE loUT X BIT6 OUT X LSB OUT ).'

tsu(sl) ————» le— th(s)) —»,
! |

NPT X MSB IN X BIT:1.|N X v X

ai14135b

1. Measurement points are done at 0.5Vpp level and with external C| = 30 pF.

3
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Figure 25. SPI timing diagram - master mode!(")

High
NSS input
i lo(sCK——>}
— - 1
3| CPHA=0 /, \ ] \' /. \
S| CPOL=0 i . ! ) S "
2| crraco ! | ' I ¥
O — h | 1 ! 1
@ | CPOLT —\_/_\_/_ ) 1
| | |
N : ! : N
1! ! | ! 1
2 [ cPHA=1 X : ! %
5| CPOL=0 ' ! s | ;
(@] N ) | : 1
x | CPHA=1 n | . , "
3| cpoL=1 —\_/'_\:_/—-—‘l !I:
- 1 \ 1 |
1! t 1 H
1 tw(SCKH) ! i n o tsck
o tsu(MI)JI<—>,: tw(SCKL) — : "'_'*tf((SCKg
. -
INPUT X 0 owsemn o BreN 1 X tssn X
| 1 1 =
r— th(m|)—> |
MOSI ] ==
OUTPUT X MSB OUT x BIT1OUT , X LSB OUT X
ty(MO) +e—>1 th(MO) e
ai14136¢
1. Measurement points are done at 0.5Vpp level and with external C| = 30 pF.
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Table 58. I2S characteristics
Symbol Parameter Conditions Min Max Unit
DuCy(SCK)m I2S slave input clock duty Slave mode 30 70 %
cycle
fo) , ;\/Iaster mogiédlz(a::l: 16 bits, Audio 1528 1539
13,'[( 1°S clock frequency requency = z) MHz
o(c Slave mode 0 12.288
trcr 2 ; i i
tr( ) I°S clock rise and fall ime | Capacitive load C, = 30 pF - 8
f(CK)
tyws) Q) WS valid time Master mode 4 -
thows) " WS hold time Master mode -
tsuws) WS setup time Slave mode 2 -
thws) (1) WS hold time Slave mode - -
tucckr) " 128 clock high time Master fpc k= 16 MHz, audio 306 -
twiek) 12S clock low time frequency = 48 kHz 312 -
t Q) Master receiver 6 -
su(SD_MR) Data input setup time
tsusb_sRr) U Slave receiver 3 - ns
t (1) Master receiver 15 -
h(SD_MR) Data input hold time
th(sp_sR) (1 Slave receiver 1.5 -
™) — Slave transmitter )
ty(sp_sT) Data output valid time (after enable edge) 16
™ . Slave transmitter )
thisp_sT) Data output hold time (after enable edge) 16
™ _— Master transmitter _
tysp_mT) Data output valid time (after enable edge) 2
) . Master transmitter )
thisp_mT) Data output hold time (after enable edge) 0

1. Guaranteed by characterization results.
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Figure 26. I2S slave timing diagram (Philips protocol)“)

CK Input

tw(CKH)e——t tw(CKL)I :/I*/—: th(ws)
WS input —l_’: : |
tsu(ws) : re>-tv(SD_ST) :&I—th(SD_ST)
SDtransmit X LSB transmit(2) MSB transmit Bitn transmit LSB transmit

tsu(SD_SR) ' -th(SD_SR)
SDreceive X LSB receive(z) MSB receive Bitn r(-,:c:ei_v? i x LSB receive

ai14881b

Measurement points are done at 0.5 Vpp level and with external C, = 30 pF.

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

Figure 27. I2S master timing diagram (Philips protocol)(!)

— te(CK)—>

1

1

1
__\_/_
: e th(ws)
. :
:

re>t-ty(SD_MT) th(SD_MT)

SDtransmit X LSB transmit 2X MSBtransmn Bitn transmit LSB transmit

tsu(SD_MR th(SD_MR)
SDyeceive X LSB receive(?) MSB receive Bitn receive LSB receive

ai14884b

———>+ ty(CKL)

WS output

3

Measurement points are done at 0.5 Vpp level and with external C, = 30 pF.

LSB transmit/receive of the previously transmitted byte. No LSB transmit/receive is sent before the first
byte.
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6.3.16 12-bit ADC characteristics
Unless otherwise specified, the parameters given in Table 59 are preliminary values derived
from tests performed under ambient temperature, fpc k2 frequency and Vpppa supply
voltage conditions summarized in Table 22.
Note: It is recommended to perform a calibration after each power-up.
Table 59. ADC characteristics
Symbol Parameter Conditions Min Typ Max Unit
Vopa Power supply - 24 - 3.6 \Y,
Vrer+ | Positive reference voltage - 24 - Vbpa \
VREE- Negative reference voltage - 0 - - \Y
IDDA(ADC)(1) Current consumption from Vppa Vppa =3.3V - 0.9 - mA
lyreg | Current on the Vggr input pin - - 160 | 220(2) A
faDc ADC clock frequency - 0.6 - 14 MHz
fs(s) Sampling rate - 0.05 - 1 MHz
fapc = 14 MHz - - 823 kHz
frric®® | External trigger frequency ADC
- - - 17 1fapc
- 3 0 (Vssaor VReg. | .
VaIN Conversion voltage range tied to ground) VREF+ \Y
3) . . See Equation 1 and ) )
Rsre Signal source impedance Table 60 for details 50 kQ
Rapc® | Sampling switch resistance - - - 1 kQ
@) |Internal sample and hold ) } _
Canc capacitor 8 PF
fapc = 14 MHz 5.9 s
tCAL(3) Calibration time ADC a
- 83 1fapc
1. (3) Injection trigger conversion fapc = 14 MHz - - 0.214 s
lat
latency - - - 24| 1ffapc
¢ (3 |Regulartrigger conversion fapc = 14 MHz - - 0.143 Hs
latr
latency - - - 24| e
fapc = 14 MHz 0.107 - 17.1 s
ts(3) Sampling time ADC H
- 1.5 - 239.5 | 1fapc
tSTAB(3) Power-up time - - - 1 VE
o ] ] fapc = 14 MHz 1 - 18 us
t @3) | Total conversion time (including -
CONV sampling time) _ 14 to 252 (tg for sampling +12.5 for 15
successive approximation) ADC

1. During conversion of the sampled value (12.5 x ADC clock period), an additional consumption of 100 pA on Ippp and 60 pA
on Ipp is present

2. Guaranteed by characterization results.

3. Guaranteed by design.
4. For external triggers, a delay of 1/fpc ko must be added to the latency specified in Table 59
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Equation 1: Rggc max formula
S

N+2 ~Rapc

R <
SRC
fapc X Capcx In(27°7)

The formula above (Equation 1) is used to determine the maximum external signal source
impedance allowed for an error below 1/4 of LSB. Here N = 12 (from 12-bit resolution).

Table 60. Rgrc max for fapc = 14 MHz(")

Ts (cycles) ts (us) Rsrc max (k)
1.5 0.11 0.4
7.5 0.54 5.9
13.5 0.96 1.4
28.5 2.04 25.2
41.5 2.96 37.2
55.5 3.96 50
71.5 5.11 50
239.5 171 50

1. Guaranteed by design.

Table 61. ADC accuracy(1(2) @)

Symbol Parameter Test conditions Typ Max(4) Unit
ET Total unadjusted error +1.3 +3
EO |Offset error fanc = 14 MHz, Rgre < 10 kQ, *1 *2
EG Gain error Vppa=3V1to3.6V 0.5 1.5 LSB
ED Differential linearity error Ta=25°C 0.7 11
EL Integral linearity error 0.8 1.5
ET Total unadjusted error +3.3 +4
EO |Offset error fanc = 14 MHz, Rgre < 10 kQ, 1.9 2.8
EG Gain error Vppa=2.7Vto 3.6V 2.8 13 LSB
ED Differential linearity error Ta=-4010105°C 0.7 1.3
EL Integral linearity error 1.2 1.7
ET Total unadjusted error +3.3 4
EO | Offset error fapc = 14 MHz, Rgre < 10 k& 1.9 2.8
EG Gain error Vppa=24V1to3.6V 2.8 13 LSB
ED Differential linearity error Ta=25°C +0.7 +1.3
EL Integral linearity error +1.2 1.7

1. ADC DC accuracy values are measured after internal calibration.

3
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2. ADC accuracy vs. negative injection current: Injecting a negative current on any analog input pins should

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

Any positive injection current within the limits specified for Iy piny @and Zliygpiny in Section 6.3.13 does not
affect the ADC accuracy.

Better performance may be achieved in restricted Vppa, frequency and temperature ranges.

Guaranteed by characterization results.

Figure 28. ADC accuracy characteristics

Vssa )
4095 —
4094 —
4093 —

(1) Example of an actual transfer curve
(2) The ideal transfer curve
(3) End point correlation line

ET = Total Unajusted Error: maximum deviation
between the actual and ideal transfer curves.
Eo = Offset Error: maximum deviation

between the first actual transition and the first
ideal one.

Ec = Gain Error: deviation between the last

Ep = Differential Linearity Error: maximum
deviation between actual steps and the ideal ones.
EL = Integral Linearity Error: maximum deviation
between any actual transition and the end point
correlation line.

//IIIIIII

1 ideal transition and the last actual one.
|
I

! ! ! I ! I I l = VDDA
2 3 4 5 6 7 / / 4093 4094 4095 4096
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MS19880V2
Figure 29. Typical connection diagram using the ADC
VDD
Sample and hold ADC
(;/ETSV converter
: 1
Rsrcl!) ANx | Ranct) [ o
* L * L 21 A Mt converter
@ Cparasitic OVE;rV L
f ) CADC(1)
= — = - ==
MS32163V1

Refer to Table 59 for the values of Rgrc, Rapc and Capc.

2. Cparasitic represents the capacitance of the PCB (dependent on soldering and PCB layout quality) plus the
pad capacitance (roughly 7 pF). A high Cpapasitic value will downgrade conversion accuracy. To remedy
this, fopc should be reduced.

General PCB design guidelines

Power supply decoupling should be performed as shown in Figure 10. The 10 nF capacitor
should be ceramic (good quality) and it should be placed as close as possible to the chip.

DoclD025608 Rev 4 ‘Yl




STM32F378xx

Electrical characteristics

6.3.17 DAC electrical specifications
Table 62. DAC characteristics
Symbol Parameter Conditions Min | Typ Max Unit
Vppa Analog supply voltage - 24| - 3.6 \%
VREF+ Reference supply voltage | Vregg+ must always be below Vppa 24| - 3.6 \Y,
VSSA Ground - 0 - 0 \Y
DAC Connected to Vgga 5 - -
RLOAD(1) Resistive load output kQ
buffer ON | Connected to Vppp 25| - -
RO“) Output Impedance DAC output buffer OFF - - 15 kQ
™ . Maximum capacitive load at DAC_OUT | )
CLoap Capacitive load pin (when the buffer is ON). %0 PF
DAC OUT |L DAC OUT volt It gives the maximum output excursion
min(" w(i)tvr\lliruffer ON YO8 Jof the DAC. 0.2 - i v
It corresponds to 12-bit input code
(Ox0EQ) to (OxF1C) at Vrgr+ = 3.6 V
DAC_OUT |Higher DAC_OUT and (0x155) and (OXEAB) at Vrgf+ = } _ _
max(") voltage with buffer ON 24V Vbpa~02 v
DAC_OUT |Lower DAC_OUT voltage
in(® ith buffer OFF - - W R - mv
min with butier It gives the maximum output excursion
DAC_OUT |Higher DAC_OUT of the DAC.
max(") voltage with buffer OFF © | | VRers—ILSB OV
DAC DC current With no load, worst code (OxF1C) at
Iopvree+) | consumption in quiescent | Vgrggs = 3.6 V in terms of DC - - 220 MA
mode (Standby mode) consumption on the inputs
Vr\uhth no load, middle code (0x800) on ) _ 380 uA
DAC DC current the inputs
Ippa®® consu(rzr;ption in quiescent | with no load, worst code (0xF1C) at
mode VReps = 3.6 V in terms of DC -] - 480 LA
consumption on the inputs
Given for the DAC in 10-bit
Differential non linearity | configuration i 0.5 LSB
DNL®) Difference between two
consecutive code-1LSB) | Given for the DAC in 12-bit
i . - - +2 LSB
configuration
Integral non linearity Given for the DAC in 10-bit
. 4 . - - +1 LSB
(difference between configuration
measured value at Code i
INL® and the value at Code i . ' .
Code 0 and last Code configuration
1023)
1S7 DoclD025608 Rev 4 99/131




Electrical characteristics STM32F378xx

Table 62. DAC characteristics (continued)

Symbol Parameter Conditions Min | Typ Max Unit
Offset error ) . . £10 mv
(difference between Given for the DAC in 10-bit at Vrgg+ = ) _ +3 LSB
Offset® measured value at Code |3.6V }
(0x800) and the ideal . - o _
value = Vegr+/2) Given for the DAC in 12-bit at Vrgr+ ) ) +12 LSB
3.6V
Galn(s) Gain error legn for ’Fhe DAC in 12bit ) ) +0.5 %
error configuration

Settling time (full scale:
for a 10-bit input code
transition between the
tSETTLING(s) lowest and the hlghest CLOAD <50 pF, RLOAD >5kQ - 3 4 us
input codes when
DAC_OUT reaches final
value +1LSB

Max frequency for a
correct DAC_OUT
change when small CLoap <50 pF, R oap 2 5 kQ - - 1 MS/s
variation in the input code
(from code i to i+1LSB)

Update
rate®

Wakeup time from off
C <50 pF, R >5kQ
3) |state (Setting the ENx bit LOAD PF, RLoAD

3 ; i -
twakeup in the DAC Control input code between lowest and highest 6.5 10 us

register) possible ones.

Power supply rejection
PSRR+ () | ratio (to Vppa) (static DC |No R_oap: CLoap = 50 pF - |-67 -40 dB
measurement

1. Guaranteed by design.

2. Quiescent mode refers to the state of the DAC keeping a steady value on the output, so no dynamic consumption is
involved.

3. Guaranteed by characterization.

Figure 30. 12-bit buffered /non-buffered DAC

Buffered/non-buffered DAC

Buffer ("
T RLoAD
12-bit
digital to I | |bacx out AN
analog | | | ‘j
converter 1 il
| | CLoAD B

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.
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6.3.18 Comparator characteristics
Table 63. Comparator characteristics
Symbol Parameter Conditions Min | Typ Max(") | Unit
VRerINT Scaler not in use 1.65
Vbpa Analog supply voltage - 3.6 \Y,
VRerINT Scaler in use 2
Comparator
ViN input voltage range ) O - | Vooa| V
VREF|NT scaler _ _ _
Vee input voltage 12 v
VREFINT scaler . .
Vsc offset voltage | £10 | mV
First VrepinT Scaler activation after device 2
¢ Scaler startup time power on ) ) 1000 ms
§_8C from power down
Next activations 0.2
. Startup time to reach propagation delay ) )
tsTART Comparator startup time specification 60 us
Ultra-low power mode - 2 4.5
Propagation delay for Low power mode - 107 1.5 V&
200 mV step with 100 mV Medium power mode - 103 0.6
overdrive Vopa=27V | - | 50 [ 100
High speed mode ns
Vppa <2.7V - | 100 | 240
1!
b Ultra-low power mode - 2 7
Propagation delay for full Low power mode R 21 HS
range step with 100 mV Medium power mode - 103 1.2
overdrive Vopa227V | - | 90| 180
High speed mode ns
Vppa <2.7V - | 110 | 300
Voffset Comparator offset error - - +4 10 mV
Offset error temperature o
Vofiset/dT coefficient i - |18 - |HVrC
Ultra-low power mode - 1.2 15
| COMP current Low power mode - 3 5 A
DD(COMP ; H
( ) consumption Medium power mode - |10 15
High speed mode - 75 100
‘Yl DoclD025608 Rev 4 101/131
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Table 63. Comparator characteristics (continued)

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

No hysteresis
(COMPxHYST[1:0]=00)

High speed mode | 3 13
Low hysteresis

(COMPxHYST[1:0]=01) | All other power | . 8 10

modes
Vhys Comparator hysteresis High speed mode | 7 26 mV
Medium hysteresis 15
(COMPxHYST[1:0]=10) | All other power | g 19
modes
High speed mode | 18 49

High hysteresis

(COMPXHYST[1:0]=11) | All other power | .o | 31|
modes

1. Guaranteed by design.

2. For more details and conditions see Figure 31: Maximum VREFINT scaler startup time from power down

Figure 31. Maximum VgggnT Scaler startup time from power down

2.0V < VDDA <24 ——
1000 x =
N 2.4V < VDDA < 3.0V 3
N 3.0V < Vppa < 3.6V ==mmeeees -
e\
s\‘\
% 100 \\
E ‘.‘\
= N
> o)
H “\
g 10
1
-40 -20 0 20 40 60 80 100
Temperature (°C)
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6.3.19 Temperature sensor characteristics

Table 64. Temperature sensor calibration values

Calibration value name Description Memory address
TS ADC raw data acquired at
TS_CAL1 temperature of 30 °C = 5 °C, Ox1FFF F7B8 - Ox1FFF F7B9
VDDA= 3.3V
TS ADC raw data acquired at
TS_CAL2 temperature of 110 °C £ 5 °C Ox1FFF F7C2 - Ox1FFF F7C3
VDDA= 3.3V
Table 65. TS characteristics
Symbol Parameter Min Typ Max Unit
T Vsense linearity with temperature - +1 12 °C
Avg_Slope(") | Average slope 4.0 4.3 4.6 mV/°C
Vosg Voltage at 25 °C 1.34 1.43 1.52 \Y,
tSTART(1) Startup time 4 - 10 Ms
@)1 ADC sampling time when reading the ) )
Ts_temp temperature 7.1 HS
1. Guaranteed by design.
2. Shortest sampling time can be determined in the application by multiple iterations.
6.3.20 VgaT monitoring characteristics
Table 66. Vga1 monitoring characteristics
Symbol Parameter Min Typ Max Unit
R Resistor bridge for Vgat - 50 - KQ
Q Ratio on Vgat measurement - 2 - -
Er() Error on Q -1 - +1 %
T @) |ADC sampling time when reading the Vgar 5 S
S_vbat 1mV accuracy H

1. Guaranteed by design.

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

6.3.21 Timer characteristics

The parameters given in Table 67 are guaranteed by design.

Refer to Section 6.3.13: I/O port characteristics for details on the input/output alternate
function characteristics (output compare, input capture, external clock, PWM output).

3
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Table 67. TIMx(! @characteristics

Symbol Parameter Conditions Min Max Unit
. o - 1 - trimxcLk
tres(tivy | Timer resolution time
fT|MXCLK =72 MHz 13.9 - ns
¢ Timer external clock 0 frimxcLi/2 MHz
EXT
frequency on CH1 to CH4 frimxcLk = 72 MHz 0 24 MHz
TIMx (except ) 16
Resty | Timer resolution TIM2) bit
TIM2 - 32
tcounTeER | 16-bit counter clock period X
frimxcLk = 72 MHz | 0.0139 910 VS

twax_coun | Maximum possible count - ) 65536 x 65536 | trimxcLk
T with 32-bit counter fiMxcLk = 72 MHz - 59.65 S

1. TIMx s used as a general term to refer to the TIM2, TIM3, TIM4, TIM5, TIM6, TIM7, TIM12, TIM13, TIM14,
TIM15, TIM16 , TIM17, TIM18 and TIM19 timers.

2. Guaranteed by characterization results.

Table 68. IWDG min/max timeout period at 40 kHz (LSI) (1(2)

Prescaler divider | PR[2:0] bits Min timeouotx(g(l)z) RL[11:0]= | Max timeon:):(s:rgls:) RL[11:0]=

14 0 0.1 409.6
8 1 0.2 819.2

/16 2 0.4 1638.4

132 3 0.8 3276.8

/64 4 1.6 6553.6

/128 5 3.2 13107.2

1256 7 6.4 26214.4

1. These timings are given for a 40 kHz clock but the microcontroller’s internal RC frequency can vary from 30
to 60 kHz. Moreover, given an exact RC oscillator frequency, the exact timings still depend on the phasing
of the APB interface clock versus the LSI clock so that there is always a full RC period of uncertainty.

2. Guaranteed by characterization results.

Table 69. WWDG min-max timeout value @72 MHz (PCLK)

Prescaler WDGTB Min timeout value Max timeout value
1 0 0.05687 3.6409
2 1 0.1137 7.2817
4 2 0.2275 14.564
8 3 0.4551 29.127

3
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6.3.22 CAN (controller area network) interface
Refer to Section 6.3.13: /O port characteristics for more details on the input/output alternate
function characteristics (CAN_TX and CAN_RX).
6.3.23 SDADC characteristics
Table 70. SDADC characteristics (1)
Symbol |Parameter Conditions Min Typ Max Unit Note
Power Slow mode (fADC =15 MHZ) 2.2 - VDDA -
Vbbsbx | \
supply Normal mode (fapc = 6 MHz) 24 - Vbpa -
SDADC Slow mode (fapc = 1.5 MHz) 0.5 1.5 1.65 -
fapc clock MHz
Positive
VREFSD+ | ref voltage - 1.1 - | Vobspx | V -
Negative
VREFSD- ref.g voltage ) ) Vssa ) v i
Normal mode (fapc = 6 MHz) - 800 1200 -
Supply Slow mode (fapc = 1.5 MHz) - - 600 -
bosoy | 2™ [Standby - - 200 | pA -
(Vppspx =
3.3V) Power down - - 25 -
SD_ADC off - - 1 -
- - | VrRersD+
Common Single ended mode (zero reference) | Vggrsp- Jgain
input Voltage on
VAN - . | Vrersp+/| V |AINPor
voltage Single ended offset mode VREFSD- (gain*2) AINN pin
range
Differential mode Vssa - VbDsDx
Differential
Differential RY; vV / voltage
\Y input Differential mode only REFSD+/ | REFSD+' | _ | petween
DIFF (gain*2) (gain*2)
voltage AINP and
AINN
Slow mode (fADC =15 MHZ) - 4.166 - fADC/36O
Slow mode one channel only
(fapc = 1.5 MHz) - 12.5 - fapc/120
Sampling | Normal mode multiplexed channel
f ormal mode multiplexed channe ) ) KHz
S rate (fanc = 6 MH2) 16.66 fapc/360
Normal mode one channel only,
FAST=1 - 50 - fADCM 20
(fanc = 6 MHz)
Conversio
tCONV n time - - 1/fs - S -
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Table 70. SDADC characteristics (continued)“)

Symbol |Parameter Conditions Min Typ Max Unit Note
fOne (;hfr:jn'(\a/llhgaln =0.5, _ 540 _ see
Analog ADC ~ ©- reference
Rain input One channel, gain = 0.5, fapc = 6 ) 135 ) kQ | manual for
impedance | MHz detailed
One channel, gain = 8, foApc = 6 MHz - 47 - description
tcaLB ;)nilébratlon fapc = 6 MHz, one offset calibration - 5120 - ps | 30720/fapc
600/fapc,
tsTAB :t;\rt]);gzatlo From power down fapc = 6 MHz - 100 - us ;IS_/(fDAVE\)/CCIIZ
=1
Wakeup fADC =6 MHz - 50 - SOO/fADC
from i
t us 75/fADC if
STANDBY | standby  |f, = 1.5 MHz - 50 - SLOWCK
time =1
fapc = VREFSD+ ) )
1.5 MHz =33 110
L \_/I'\:IEESD+ . . 110
2| S fapc= —
g 6 MHz VREFsD+ . . 100
= =33
=
g ZR:]EESD+ ) ) 70
£ o |fanc= :
n |6 MHz VREFsSD+ ) )
c _ 100
Offset ‘® Vppsox | 3.3 after offset
EO error < =33 uv calibration
fapc = ' VREFSD+ ) ) 90
1.5 MHz =33
VREFSD+ ) )
- —19 2100
ol £
£ =33
B | v
T| o ~REFSD+ - - 1500
Sl =1.2
Q| £ v
o 8 REFSD+
c| o - - 1800
%] =3.3
Offset drift
Dyoffsettem | With Differ:ential or sing_le ended mode, ) 10 15 WV/K )
p temperatur | gain = 1, Vppgpx = 3.3 V
e
negative
. . . . gain error =
EG Gain error All gains, differential mode, single 24 2.7 -3.1 % | data result
ended mode
are greater
than ideal
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Table 70. SDADC characteristics (continued)“)

Symbol |Parameter Conditions Min Typ Max Unit Note
Gain drift
EGT with gain = 1, differential mode, single ) 0 ) ppm )
temperatur | ended mode K
e
- \_/I'\:IEESD+ ) ) 16
ol N -
9|
gls o S - - 14
E - .
% o \_/FjEES[” - - 26
= 1 -
a|.c v
g REFSD
Integral © =33 : - - 14
EL linearity Vppspx = 3.3 LSB -
error?) - VREFSD+ . . 31
(O =1.2
g\ v
o REFSD+
o) - - 23
B =33
o — 1
C
o \_/I'\:IEESD+ ) ) 80
| N =
£
- \=/F:<3E§SD+ ) ) 35
- YReFsD- - - | 24
o 1 -
Q|
g2l's \_/%EESD+ ) ) 18
E - .
% © \_/F;EESE” - - 36
= [} -1
a|.c v
o REFSD
Differential © =33 } } 29
ED linearity Vbpspx = 3-3 LSB -
error VREFSD+ _ i
- M 3.2
O =1.2
g| < v
g REFSD+
o - - 2.8
B =33
O —1
C
o|® YF:EESW - - 4.1
| N =L
£l e
2 Z%Egsm ) ) 33
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Table 70. SDADC characteristics (continued)“)

Symbol |Parameter Conditions Min Typ Max Unit Note
fabc = VREFSD+ )
1.5 MHz i 84 85
" VRer
£ e - e | w e |-
g1 ®6mH
g z VREFSD+ 88 92 -
= =33
5 VReFsp+ 76 78
2 fo = o i
o uon
c ‘ VReFsD+ | g 86 ;
T =3.3
()]
(5) Signal to fanc= | VppsDx | VREFSD+ ) i
SNR noise ratio 1.5MHz |=3.3 = 3.3%5) 76 80 dB
fapc = VREFSD+ )
1.5 MHz =33 80 84
q) h
8| e Veespe | 77 | e i
S S |fapc = -
% 6 MHZ VREFSD+ 85 90 -
e =33
> v
2| VREFSD* | 66 71 -
D fapc= =12
=

3
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Table 70. SDADC characteristics (continued)“)

Symbol |Parameter Conditions Min Typ Max Unit Note
fapc = VREFSD+ B}
1.5 MHz 3500 76 "
i VREF? +
c _REFED 75 76 -
0|8 |faoc=6 =12
kS MHz v
E REFSD+ 76 77 -
= =3.3
5 VREF?Q* 70 74
— _ 4 -
£ fapc =6 =12
Al
u MHz VREFSD+ 79 85 )
. ‘T =33
Signal to o) ENOB =
(5) |noise and faoc= | Vbpsox | VREFSD+ )
SINAD distortion 15MHz |=33 |= 3.3%? s 8 dB glgle_Dé 292
ratio _ ' ’
fapc = VREFSD+ 79 73 .
1.5MHz =3.3
o| W vV,
38| e R 68 71 -
S S |fapc = :
g 6 MHz \_/REFSD+ 72 73 )
£ =33
5 v
o REFSD+
c 60 64 -
o E fapc = - 1'288
‘© 6 MHz V =
8 REF )
3.3 67 72
fabc = VREFSD+ ) R .
1.5 MHz = 3.3%5) " 76
i VREF
< fo = = 1_2&?+ B =77 76
5| 8|1
2 z VREFSD+ . 77 76
= =33
E VREFa?+ - _85 _70
() =
E . fapc = 1.2
i |6 MHz VREFSD+ 93 80
Total £ v =33 ) ) )
THD®) harmonic o - _%DgDX y dB -
distortion ADC= |~ % REFSD+ . - -
1.5 MHz = 3.3%? 93 83
VREFF +
- _REPER - -72 -68
§ 4 fapc = =12
‘% |6 MHz
gE| @ V
Elg Vrersor ; 74 | 72
3
G Y%
oo . =R1'5585’+ - -66 -61
| ! |fapc = :
& | |6 MHz
2 % VREFSD+ _ -75 -70
=3.3
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Guaranteed by characterization results.
Integral linearity error can be improved by software calibration of SDADC transfer curve (2-nd order polynomial calibration).

For fapc lower than 5 MHz, there will be a performance degradation of around 2 dB due to flicker noise increase.

0N =

If the reference value is lower than 2.4 V, there will be a performance degradation proportional to the reference supply drop,
according to this formula: 20*log10(Vggg/2.4) dB

5. SNR, THD, SINAD parameters are valid for frequency bandwidth 20Hz - 1kHz. Input signal frequency is 300Hz (for
fapc=6MHz) and 100Hz (for fopc=1.5MHz).

Table 71. VREFSD+ pin characteristics(")

Symbol Parameter Conditions Min | Typ | Max | Unit Note
See Section 6.3.3:
Buffered embedded Embedded
- 1.2 - \Y,
| | ref reference voltage (1.2 V) reference voltage on
nternal reference
VREFINT voltage page 59
Embedded reference
voltage amplified by - 1.8 - \% -
factor 1.5
c (2) | Reference voltage Vv Y 1000 ) 10000 | nF )
VREFSD+"" | filtering capacitor REFSD+ = VREFINT
Normal mode ) 238 )
Reference voltage | (fanc = 6 MH2) See RM0313
RVREFsD+ inout impedance kQ | reference manual for
P P Slow mode _ 952 _ detailed description
(fADC =1.5 MHZ)

Guaranteed by characterization results.

2. Ifinternal reference voltage is selected then this capacitor is charged through internal resistance - typ. 300 ohm. If internal
reference source is selected through the reference voltage selection bits (REFV<>"00" in SDADC_CR1 register), the
application must first configure REFV bits and then wait for capacitor charging. Recommended waiting time is 3 ms if 1 yF
capacitor is used.

3
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71

3

Package information

In order to meet environmental requirements, ST offers these devices in different grades of
ECOPACK® packages, depending on their level of environmental compliance. ECOPACK®
specifications, grade definitions and product status are available at: www.st.com.
ECOPACK® is an ST trademark.

UFBGA100 package information

Figure 32. UFBGA100 - 100-pin, 7 x 7 mm, 0.50 mm pitch,
ultra fine pitch ball grid array package outline

Seating plane
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1. Drawing is not to scale.

Table 72. UFBGA100 - 100-pin, 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
b 0.200 0.250 0.300 0.0079 0.0098 0.0118
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Table 72. UFBGA100 - 100-pin, 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.

D 6.950 7.000 7.050 0.2736 0.2756 0.2776
D1 5.450 5.500 5.550 0.2146 0.2165 0.2185

E 6.950 7.000 7.050 0.2736 0.2756 0.2776
E1 5.450 5.500 5.550 0.2146 0.2165 0.2185

e - 0.500 - - 0.0197 -

F 0.700 0.750 0.800 0.0276 0.0295 0.0315
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 33. UFBGA100 - 100-pin, 7 x 7 mm, 0.50 mm pitch,
ultra fine pitch ball grid array package recommended footprint

000000000000
000000000000
00000 ©0O000O0
000 000
00° °00
00 00 PP
000 000} Psm
000 00
00000 ©OO0O00O0
000000000000
000000000000

AOC2_FP_V1

Table 73. UFBGA100 recommended PCB design rules (0.5 mm pitch BGA)

Dimension Recommended values
Pitch 0.5
Dpad 0.280 mm
Dsm 0.370 mm typ. (depends on the soldermask
registration tolerance)
Stencil opening 0.280 mm
Stencil thickness Between 0.100 mm and 0.125 mm
112/131 DoclD025608 Rev 4 m
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Device Marking for UFBGA100

The following figure gives an example of topside marking orientation versus ball 1 identifier

location.

Figure 34. UFBGA100 marking example (package top view)

Product identification(1)

Ball 1 identification

\

> STM32F

a

378VCHE

Date code = year +

Y

Ww

@ &7 O

week

Additional information

MSv37921V1

1. Parts marked as “ES”, “E” or accompanied by an Engineering Sample notification letter, are not yet
qualified and therefore not yet ready to be used in production and any consequences deriving from such
usage will not be at ST charge. In no event, ST will be liable for any customer usage of these engineering
samples in production. ST Quality has to be contacted prior to any decision to use these Engineering
samples to run qualification activity.

3
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WLCSP66 package information

Figure 35. WLCSP66 - 66-pin, 3.767 x 4.229 mm, 0.4 mm pitch wafer level chip scale

package outline
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1. Drawing is not to scale.

Table 74. WLCSP66 - 66-pin, 3.767 x 4.229 mm, 0.4 mm pitch wafer level chip scale
package mechanical data

millimeters inches(!)
Symbol
Min Typ Max Min Typ Max
A 0.540 0.570 0.600 0.0213 0.0224 0.0236
A1 - 0.190 - - 0.0075 -
A2 - 0.380 - - 0.0150 -
b®?) 0.240 0.270 0.300 0.0094 0.0106 0.0118
D 3.732 3.767 3.802 0.1469 0.1483 0.1497
E 4.194 4.229 4.264 0.1651 0.1665 0.1679
e - 0.400 - - 0.0157 -
el - 2.800 - - 0.1102 -
e2 - 3.200 - - 0.1260 -
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Table 74. WLCSP66 - 66-pin, 3.767 x 4.229 mm, 0.4 mm pitch wafer level chip scale
package mechanical data (continued)

millimeters inches(!
Symbol
Min Typ Max Min Typ Max

F - 0.484 - - 0.0191 -

G - 0.515 - - 0.0203 -
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. Dimension is measured at the maximum bump diameter parallel to primary datum Z.

Device Marking for WLCSP66

The following figure gives an example of topside marking orientation versus pin 1 identifier
location.

Figure 36. WLCSP66 marking example (package top view)

Pin 1 identifier

e

Product identification(1)

Y

F378RCYE

Date code = year + week

T

Additional information

MSv37920V1

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 LQFP100 package information

Figure 37. 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 75. 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
A1l 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
c 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

3

1.

Values in inches are converted from mm and rounded to 4 decimal digits.
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Figure 38. LQFP100 - 100-pin, 14 x 14 mm low-profile quad flat
recommended footprint

I— 11 )
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ai14906¢

1. Dimensions are expressed in millimeters.

Device marking for LQFP100

The following figure gives an example of topside marking orientation versus pin 1 identifier
location.

Figure 39. LQFP100 marking example (package top view)

Product identification"

—| STM32F378 \

~ V(TE B+ | |

| —— Revision code

. — Date code

Pin 1 identifier
\\K.yl O

MSv37919V1

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

LQFP64 package information

Figure 40. LQFP64 - 64-pin, 10 x 10 mm low-profile quad flat package outline
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1. Drawing is not to scale.
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Table 76. LQFP64 - 64-pin, 10 x 10 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
c 0.090 - 0.200 0.0035 - 0.0079

D - 12.000 - - 0.4724 -

D1 - 10.000 - - 0.3937 -

D3 - 7.500 - - 0.2953 -

E - 12.000 - - 0.4724 -

E1 - 10.000 - - 0.3937 -

E3 - 7.500 - - 0.2953 -

- 0.500 - - 0.0197 -

K 0° 3.5° 7° 0° 3.5° 7°
0.450 0.600 0.750 0.0177 0.0236 0.0295

L1 - 1.000 - - 0.0394 -
cce - - 0.080 - - 0.0031

1.

Values in inches are converted from mm and rounded to 4 decimal digits.
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Figure 41. LQFP64 - 64-pin, 10 x 10 mm low-profile quad flat package
recommended footprint
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1. Dimensions are expressed in millimeters.

Device marking for LQFP64

The following figure gives an example of topside marking orientation versus pin 1 identifier
location.

Figure 42. LQFP64 marking example (package top view)

o Additional information
Product identification” B« |
\
T STM32F378
RCTE
| Date code
Pin 1 identifier Y| WW ]

@ Kys O

MSv37918V1

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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7.5 LQFP48 package information

Figure 43. LQFP48 - 48-pin, 7 x 7 mm low-profile quad flat package outline
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1. Drawing is not to scale.
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Table 77. LQFP48 - 48-pin, 7 x 7 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 8.800 9.000 9.200 0.3465 0.3543 0.3622
D1 6.800 7.000 7.200 0.2677 0.2756 0.2835

D3 - 5.500 - - 0.2165 -
E 8.800 9.000 9.200 0.3465 0.3543 0.3622
E1 6.800 7.000 7.200 0.2677 0.2756 0.2835

E3 - 5.500 - - 0.2165 -

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 44. LQFP48 - 48-pin, 7 x 7 mm low-profile quad flat package
recommended footprint
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1. Dimensions are expressed in millimeters.

Device marking for LQFP48

The following figure gives an example of topside marking orientation versus pin 1 identifier
location.

Figure 45. LQFP48 marking example (package top view)

Product identification"

—| STM32F

|
4 378CCTh |
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L | Date code
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MSv37917V1

1. Samples marked “ES” are to be considered as “Engineering Samples”: i.e. they are intended to be sent to
customer for electrical compatibility evaluation and may be used to start customer qualification where
specifically authorized by ST in writing. In no event ST will be liable for any customer usage in production.
Only if ST has authorized in writing the customer qualification Engineering Samples can be used for
reliability qualification trials.
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7.6 Thermal characteristics

The maximum chip junction temperature (T jmax) must never exceed the values given in
Table 22: General operating conditions.

The maximum chip-junction temperature, T ; max, in degrees Celsius, may be calculated

using the following equation:
Ty max = Ty max + (Pp max x Q a)

Where:

e T, maxis the maximum ambient temperature in °C,

e Qyp is the package junction-to-ambient thermal resistance, in °C/W,

e Pp max is the sum of P\t max and P, max (Pp max = Pyt max + P;,gmax),

e Py7 maxis 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:
Pio max =S (VoL * loL) + S((Vbp — VoH) * lon).
taking into account the actual Vg / lg. and Vgp / lon of the 1/Os at low and high level in the

application.
Table 78. Package thermal characteristics

Symbol Parameter Value Unit
Thermal resistance junction-ambient 45
LQFP64 - 10 x 10 mm / 0.5 mm pitch
Thermal resistance junction-ambient 55
LQFP48 -7 x 7 mm
Thermal resistance junction-ambient R

A LQFP100 - 14 x 14 mm / 0.5 mm pitch 46 cw
Thermal resistance junction-ambient 59
BGA100 -7 x 7 mm
Thermal resistance junction-ambient 53
WLCSP66 - 0.400 mm
7.6.1 Reference document

JESD51-2 Integrated Circuits Thermal Test Method Environment Conditions - Natural
Convection (Still Air). Available from www.jedec.org

3
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7.6.2
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Selecting the product temperature range

When ordering the microcontroller, the temperature range is specified in the ordering
information scheme shown in Section 8: Part numbering.

Each temperature range suffix corresponds to a specific guaranteed ambient temperature at
maximum dissipation and, to a specific maximum junction temperature.

As applications do not commonly use the STM32F378xx at maximum dissipation, it is useful
to calculate the exact power consumption and junction temperature to determine which
temperature range will be best suited to the application.

The following examples show how to calculate the temperature range needed for a given
application.

Example 1: High-performance application

Assuming the following application conditions:

Maximum ambient temperature Tp,4x = 82 °C (measured according to JESD51-2),
IpDmax = 50 MmA, Vpp = 1.8 V, maximum 3 1/Os used at the same time in output at low
level with I =8 mA, Vo = 0.4 V and maximum 2 |1/Os used at the same time in output
at low level with 1. =20 mA, Vo = 1.3V

PiNTmax = 50 mA x 1.8 V=90 mW
Piomax=3*8mMAx 04V +2x20mAx13V=61.6mW
This gives: PyTmax = 90 mW and Pigpax = 61.6 mW:
Pbmax =90 +61.6 = 151.6 mW

Thus: Ppmax = 151.6 mW

Using the values obtained in Table 78 T j,, is calculated as follows:

— For LQFP64, 45°C/W

Tymax = 82 °C + (45°C/W x 151.6 mW) =82 °C + 6.8 °C = 88.8 °C
This is within the range of the suffix 6 version parts (40 < T; < 105 °C).

In this case, parts must be ordered at least with the temperature range suffix 6 (see
Section 8: Part numbering).

Example 2: High-temperature application

Using the same rules, it is possible to address applications that run at high ambient
temperatures with a low dissipation, as long as junction temperature T ; remains within the
specified range.

Assuming the following application conditions:

Maximum ambient temperature Tpngax = 115 °C (measured according to JESD51-2),
Ibbmax = 20 mA, Vpp = 1.8 V, maximum 9 I/Os used at the same time in output at low
level with Ig. =8 mA, Vg =04V

PiNTmax =20 mA x 1.8 V=36 mW

Plomax=9 * 8 mA x 0.4V =28.8 mW

This gives: PiNTmax = 36 mW and P gpnax = 28.8 mW:
Pbmax = 36+ 28.8 = 64.8 mW

Thus: Ppay = 64.8 mW

3
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Using the values obtained in Table 78 T j,,ax is calculated as follows:
—  For LQFP100, 46°C/W
Tjmax = 115 °C + (46°C/W x 64.8 mW) =115°C + 2.98 °C =118 °C

This is within the range of the suffix 7 version parts (-40 < T; < 125 °C).

In this case, parts must be ordered at least with the temperature range suffix 7 (see
Section 8: Part numbering).

Figure 46. LQFP64 Pp max vs. Tp
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Part numbering

For a list of available options (memory, package, and so on) or for further information on any

aspect of this device, please contact your nearest ST sales office.

Table 79. Ordering information scheme
Example: STM32 F

Device family

STM32 = ARM-based 32-bit microcontroller

Product type

F = General-purpose

Sub-family

378 = STM32F378xx

Pin count

C =48 pins
R = 64/66 pins
V =100 pins

Code size

C = 256 Kbytes of Flash memory

Package

T 6 X

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
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Revision history

9 Revision history

Table 80. Document revision history

Date

Revision

Changes

04-Mar-2014

1

Initial release.

09-Apr-2014

2

Removed sub-set part number (64KB and 128KB).
Updated Part numbering on page 128

21-Jul-2015

Updated Section 7

Updated Section 3.13

Updated Section 3.7.1, Section 3.7.3

Updated Table 2: Device overview, Table 11: STM32F378xx pin
definitions, Table 22: General operating conditions, Table 47: ESD
absolute maximum ratings, Table 70: SDADC characteristics,
Table 74: WLCSP66 - 66-pin, 3.767 x 4.229 mm, 0.4 mm pitch
wafer level chip scale package mechanical data and Table 75:
LQPF100 - 100-pin, 14 x 14 mm low-profile quad flat package
mechanical data, Table 78: Package thermal characteristics and
Table 79: Ordering information scheme

Updated Figure 5: STM32F378xx UFBGA100 ballout, Figure 10:
Power supply scheme, Figure 35: WLCSP66 - 66-pin, 3.767 x
4.229 mm, 0.4 mm pitch wafer level chip scale package outline,
Figure 36: WLCSP66 marking example (package top view),
Figure 38: LQFP100 - 100-pin, 14 x 14 mm low-profile quad flat
recommended footprint, Figure 39: LQFP100 marking example
(package top view), Figure 40: LQFP64 - 64-pin, 10 x 10 mm low-
profile quad flat package outline, Figure 41: LQFP64 - 64-pin, 10 x
10 mm low-profile quad flat package recommended footprint,
Figure 42: LQFP64 marking example (package top view),

Figure 44: LQFPA48 - 48-pin, 7 x 7 mm low-profile quad flat
package recommended footprint, Figure 45: LQFP48 marking
example (package top view).

Added Table 30: Typical and maximum current consumption from
VBAT supply, Table 63: Comparator characteristics, Table 73:
UFBGA100 recommended PCB design rules (0.5 mm pitch BGA)

Added Figure 12: Typical VBAT current consumption (LSE and
RTC ON/LSEDRV[1:0]='00’), Figure 31: Maximum VREFINT
scaler startup time from power down and Figure 33: UFBGA100 -
100-pin, 7 x 7 mm, 0.50 mm pitch, ultra fine pitch ball grid array
package recommended footprint.
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Table 80. Document revision history (continued)

Date Revision Changes
Updated:
— Table 3: Capacitive sensing GPIOs available on STM32F378xx
devices

— Table 19: Voltage characteristics

— Table 25: Embedded internal reference voltage

— Table 39: LSE oscillator characteristics (fLSE = 32.768 kHz)
— Table 47: ESD absolute maximum ratings

— Table 59: ADC characteristics

— Table 62: DAC characteristics

10-Jun-2016 4 — Table 64: Temperature sensor calibration values

— Table 70: SDADC characteristics

— Table 78: Package thermal characteristics

— Figure 18: TC and TTa I/O input characteristics

— Figure 19: Five volt tolerant (FT and FTf) I/O input
characteristics

Removed:
— Figure 19: TC and TTa I/O input characteristics - TTL port

— Figure 21: Five volt tolerant (FT and FTf) I/O input
characteristics - TTL port
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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.

© 2016 STMicroelectronics — All rights reserved
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