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Introduction STM32G041x6/x8

1 Introduction

This document provides information on STM32G041x6/x8 microcontrollers, such as
description, functional overview, pin assignment and definition, electrical characteristics,
packaging, and ordering codes.

Information on memory mapping and control registers is object of reference manual
RM0444.

For information on the device errata with respect to the datasheet and reference manual,
refer to the STM32G041x6/x8 errata sheet ES0488.

Information on Arm®®@ Cortex®-M0+ core is available from the www.arm.com website.

arm

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

The STM32G041x6/x8 mainstream microcontrollers are based on high-performance

Arm® Cortex®-MO0+ 32-bit RISC core operating at up to 64 MHz frequency. Offering a high
level of integration, they are suitable for a wide range of applications in consumer, industrial
and appliance domains and ready for the Internet of Things (loT) solutions.

The devices incorporate a memory protection unit (MPU), high-speed embedded memories
(8 Kbytes of SRAM and up to 64 Kbytes of flash program memory with read protection, write
protection, proprietary code protection, and securable area), DMA, an extensive range of
system functions, enhanced 1/Os, and peripherals. The devices offer standard
communication interfaces (two I°Cs, two SPIs / one 12S, and two USARTs), one 12-bit ADC
(2.5 MSps) with up to 19 channels, an internal voltage reference buffer, a low-power RTC,
an advanced control PWM timer running at up to double the CPU frequency, four general-
purpose 16-bit timers, a 32-bit general-purpose timer, two low-power 16-bit timers, two
watchdog timers, and a SysTick timer.

The devices embed AES hardware accelerator and true random-number generator (RNG).

The devices operate within ambient temperatures from -40 to 125°C and with supply
voltages from 1.7 V to 3.6 V. Optimized dynamic consumption combined with a
comprehensive set of power-saving modes, low-power timers and low-power UART, allows
the design of low-power applications.

VBAT direct battery input allows keeping RTC and backup registers powered.

The devices come in packages with 8 to 48 pins.

DS12993 Rev 4 11/128
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Table 2. STM32G041x6/x8 family device features and peripheral counts

STM32G041_
Peripheral
J6 | Y8 | F6 | F8 | G6 | G8 | K6 | K8 | C6 | _C8
Flash memory (Kbyte) 32 64 32 64 32 64 32 64 32 64
SRAM (Kbyte) 8 with parity
Advanced control 1 (16-bit) high frequency
® General-purpose 4 (16-bit) + 1 (32-bit)
g Low-power 2 (16-bit)
= SysTick 1
Watchdog 2
8 SPI[12s]™M 1011@ 2 [1]@
©
}‘:3 12C 2
£ USART 2
€
g LPUART 1
(&)
RTC Yes
Tamper pins 1 | 2
RNG / AES Yes / Yes
GPIOs 6 16 | 18 26 30 44
Wakeup pins 2 4
12-bit ADC channels 6+2 14+2 15+2 16 +2 16+3
(external + internal)
VREFBUF No Yes
Max. CPU frequency 64 MHz
Operating voltage 1.7t036V
Operating temperature® Ambient: -40 to 85 °C / -40 to 105 °C / -40 to 125 °C
perating temp Junction: -40 to 105 °C / -40 to 125 °C / -40 to 130 °C
Number of pins 8 | 18 ‘ 20 28 32 48

1. The numbers in brackets denote the count of SP! interfaces configurable as I2S interface.

2. Plus two extra SPIs through USARTSs.
3. Depends on order code. Refer to Section 7: Ordering information for details.
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Figure 1. Block diagram
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Functional overview

Arm® Cortex®-M0+ core with MPU

The Cortex-MO0+ is an entry-level 32-bit Arm Cortex processor designed for a broad range of
embedded applications. It offers significant benefits to developers, including:

e asimple architecture, easy to learn and program

e ultra-low power, energy-efficient operation

e excellent code density

e deterministic, high-performance interrupt handling

e upward compatibility with Cortex-M processor family

e  platform security robustness, with integrated Memory Protection Unit (MPU).

The Cortex-M0+ processor is built on a highly area- and power-optimized 32-bit core, with a
2-stage pipeline Von Neumann architecture. The processor delivers exceptional energy

efficiency through a small but powerful instruction set and extensively optimized design,
providing high-end processing hardware including a single-cycle multiplier.

The Cortex-MO+ processor provides the exceptional performance expected of a modern
32-bit architecture, with a higher code density than other 8-bit and 16-bit microcontrollers.

Owing to embedded Arm core, the STM32G041x6/x8 devices are compatible with Arm tools
and software.

The Cortex-MO+ is tightly coupled with a nested vectored interrupt controller (NVIC)
described in Section 3.13.1.

Memory protection unit

The memory protection unit (MPU) is used to manage the CPU accesses to memory to
prevent one task to accidentally corrupt the memory or resources used by any other active
task.

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

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

Embedded flash memory

STM32G041x6/x8 devices feature up to 64 Kbytes of embedded flash memory available for
storing code and data.

3
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STM32G041x6/x8 Functional overview

Flexible protections can be configured thanks to option bytes:
e Readout protection (RDP) to protect the whole memory. Three levels are available:
— Level 0: no readout protection

—  Level 1: memory readout protection: the flash memory cannot be read from or
written to if either debug features are connected, boot in RAM or bootloader is
selected

—  Level 2: chip readout protection: debug features (Cortex-MO0+ serial wire), boot in
RAM and bootloader selection are disabled. This selection is irreversible.

Table 3. Access status versus readout protection level and execution modes

; Debug, boot from RAM or boot
. User execution ’
Area PFC::’(;'O" from system memory (loader)
Read Write Erase Read Write Erase
User 1 Yes Yes Yes No No No
memory 2 Yes Yes Yes N/A N/A N/A
System 1 Yes No No Yes No No
memory 2 Yes No No N/A N/A N/A
Option 1 Yes Yes Yes Yes Yes Yes
bytes 2 Yes No No N/A N/A N/A
Backup 1 Yes Yes N/A(M No No N/AM
registers 2 Yes Yes N/A N/A N/A N/A
1 Yes Yes N/A Yes No N/A
OoTP
2 Yes Yes N/A N/A N/A N/A

1. Erased upon RDP change from Level 1 to Level 0.

e  Write protection (WRP): the protected area is protected against erasing and
programming. Two areas per bank can be selected, with 2-Kbyte granularity.

e  Proprietary code readout protection (PCROP): a part of the flash memory can be
protected against read and write from third parties. The protected area is execute-only:
it can only be reached by the STM32 CPU as instruction code, while all other accesses
(DMA, debug and CPU data read, write and erase) are strictly prohibited. An additional
option bit (PCROP_RDP) determines whether the PCROP area is erased or not when
the RDP protection is changed from Level 1 to Level 0.

The whole non-volatile memory embeds the error correction code (ECC) feature supporting:
e single error detection and correction

e double error detection

e readout of the ECC fail address from the ECC register

3.31 Securable area

A part of the flash memory can be hidden from the application once the code it contains is
executed. As soon as the write-once SEC_PROT bit is set, the securable memory cannot be
accessed until the system resets. The securable area generally contains the secure boot
code to execute only once at boot. This helps to isolate secret code from untrusted
application code.

3
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Embedded SRAM

STM32G041x6/x8 devices have 8 Kbytes of embedded SRAM with parity. Hardware parity
check allows memory data errors to be detected, which contributes to increasing functional
safety of applications.

The memory can be read/write-accessed at CPU clock speed, with 0 wait states.

Boot modes

At startup, the boot pin and boot selector option bit are used to select one of the three boot
options:

e  boot from User flash memory

e  boot from System memory

e boot from embedded SRAM

The boot pin is shared with a standard GPIO and can be enabled through the boot selector
option bit. If the BOOTO pin selects the boot from the main flash memory of which the first
location is empty, the flash memory empty checker forces the boot from the system memory.

The system memory contains an embedded boot loader. It manages the flash memory
reprogramming through one of the following interfaces:

e USART on pins PA9/PA10 or PA2/PA3
e  I°C-bus on pins PB6/PB7 or PB10/PB11

When boot loader is executed, it configures some of the GPIOs out of their by-default high-Z
state. Refer to AN2606 for more details on the boot loader and on the GPIO configuration
when booting from the system memory.

Cyclic redundancy check calculation unit (CRC)

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 link
time and stored at a given memory location.

3
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3.7 Power supply management

3.71 Power supply schemes

The STM32G041x6/x8 devices require a 1.7 V to 3.6 V operating supply voltage (Vpp).
Several different power supplies are provided to specific peripherals:

3

Vpp = 1.7 (1.60) to 3.6 V

Vpp is the external power supply for the internal regulator and the system analog such
as reset, power management and internal clocks. It is provided externally through
VDD/VDDA pin.

The minimum voltage of 1.7 V corresponds to power-on reset release threshold
Vpor(max). Once this threshold is crossed and power-on reset is released, the
functionality is guaranteed down to power-down reset threshold Vppr(min).

Vppa = 1.62 V (ADC) / 2.4 V (VREFBUF) to 3.6 V

Vppais the analog power supply for the A/D converter, voltage reference buffer. Vppa
voltage level is identical to Vpp voltage as it is provided externally through VDD/VDDA

pin.

Vopio1 = Vop
Vppio1 is the power supply for the 1/0s. Vpp o4 voltage level is identical to Vpp voltage
as it is provided externally through VDD/VDDA pin.

Vgar = 1.55 V 10 3.6 V. Vgt is the power supply (through a power switch) for RTC,
TAMP, low-speed external 32.768 kHz oscillator and backup registers when Vpp is not
present. Vga is provided externally through VBAT pin. When this pin is not available
on the package, VBAT bonding pad is internally bonded to the VDD/VDDA pin.

VRer+ is the analog peripheral input reference voltage, or the output of the internal
voltage reference buffer (when enabled). When Vppp < 2V, Vreg+ must be equal to
Vppa. When Vppa 2 2V, Vgegs: must be between 2 V and Vppp. It can be grounded
when the analog peripherals using Vggp+ are not active.

The internal voltage reference buffer supports two output voltages, which is configured
with VRS bit of the VREFBUF_CSR register:

—  VRgr+ around 2.048 V (requiring Vppa equal to or higher than 2.4 V)
—  VRgr+ around 2.5V (requiring Vppa equal to or higher than 2.8 V)

VRer+ is delivered through VREF+ pin. On packages without VREF+ pin, VRgp. is
internally connected with Vpp, and the internal voltage reference buffer must be kept
disabled (refer to datasheets for package pinout description).

Vcore is an internal supply for digital peripherals, SRAM and flash memory. It is
produced by an embedded linear voltage regulator. On top of VoRrg, the flash memory
is also powered from Vpp.
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Figure 2. Power supply overview
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Power supply supervisor

The device has an integrated power-on/power-down (POR/PDR) reset active in all power
modes except Shutdown and ensuring proper operation upon power-on and power-down. It
maintains the device in reset when the supply voltage is below Vpgr/ppr threshold, without
the need for an external reset circuit. Brownout reset (BOR) function allows extra flexibility. It
can be enabled and configured through option bytes, by selecting one of four thresholds for
rising Vpp and other four for falling Vpp.

The device also features an embedded programmable voltage detector (PVD) that monitors
the Vpp power supply and compares it to Vpyp threshold. It allows generating an interrupt
when Vpp level crosses the Vpyp threshold, selectively while falling, while rising, or while
falling and rising. The interrupt service routine can then generate a warning message and/or
put the MCU into a safe state. The PVD is enabled by software.

Voltage regulator

Two embedded linear voltage regulators, main regulator (MR) and low-power regulator
(LPR), supply most of digital circuitry in the device.

The MR is used in Run and Sleep modes. The LPR is used in Low-power run, Low-power
sleep and Stop modes.

In Standby and Shutdown modes, both regulators are powered down and their outputs set in
high-impedance state, such as to bring their current consumption close to zero. However,
SRAM data retention is possible in Standby mode, in which case the LPR remains active
and it only supplies the SRAM.
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3

Low-power modes

By default, the microcontroller is in Run mode after system or power reset. It is up to the
user to select one of the low-power modes described below.

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.

Low-power run mode

This mode is achieved with V-org supplied by the low-power regulator to minimize the
regulator's operating current. The code can be executed from SRAM or from flash memory,
and the CPU frequency is limited to 2 MHz. The peripherals with independent clock can be
clocked by HSI16.

Low-power sleep mode

This mode is entered from the low-power run mode. Only the CPU clock is stopped. When
wakeup is triggered by an event or an interrupt, the system reverts to the Low-power run
mode.

Stop 0 and Stop 1 modes

In Stop 0 and Stop 1 modes, the device achieves the lowest power consumption while
retaining the SRAM and register contents. All clocks in the Vcorg domain are stopped. The
PLL, as well as the HSI16 RC oscillator and the HSE crystal oscillator are disabled. The
LSE or LSI keep running. The RTC can remain active (Stop mode with RTC, Stop mode
without RTC).

Some peripherals with wakeup capability can enable the HS116 RC during Stop mode, so as
to get clock for processing the wakeup event. The main regulator remains active in Stop 0
mode while it is turned off in Stop 1 mode.

Standby mode

The Standby mode is used to achieve the lowest power consumption, with POR/PDR
always active in this mode. The main regulator is switched off to power down Vore
domain. The low-power regulator is either switched off or kept active. In the latter case, it
only supplies SRAM to ensure data retention. The PLL, as well as the HSI16 RC oscillator
and the HSE crystal oscillator are also powered down. The RTC can remain active (Standby
mode with RTC, Standby mode without RTC).

For each I/O, the software can determine whether a pull-up, a pull-down or no resistor shall
be applied to that I/O during Standby mode.

Upon entering Standby mode, register contents are lost except for registers in the RTC
domain and standby circuitry. The SRAM contents can be retained through register setting.

The device exits Standby mode upon external reset event (NRST pin), IWDG reset event,
wakeup event (WKUP pin, configurable rising or falling edge), RTC event (alarm, periodic
wakeup, timestamp), TAMP event, or when a failure is detected on LSE (CSS on LSE).
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Shutdown mode

The Shutdown mode allows to achieve the lowest power consumption. The internal
regulator is switched off to power down the Vcorg domain. The PLL, as well as the HSI16
and LS| RC-oscillators and HSE crystal oscillator are also powered down. The RTC can
remain active (Shutdown mode with RTC, Shutdown mode without RTC).

The BOR is not available in Shutdown mode. No power voltage monitoring is possible in this
mode. Therefore, switching to RTC domain is not supported.

SRAM and register contents are lost except for registers in the RTC domain.

The device exits Shutdown mode upon external reset event (NRST pin), wakeup event
(WKUP pin, configurable rising or falling edge), RTC event (alarm, periodic wakeup,
timestamp), or TAMP event.

Reset mode

During and upon exiting reset, the schmitt triggers of 1/0Os are disabled so as to reduce
power consumption. In addition, when the reset source is internal, the built-in pull-up
resistor on NRST pin is deactivated.

VBAT operation

The Vgat power domain, consuming very little energy, includes RTC, and LSE oscillator and
backup registers.

In VBAT mode, the RTC domain is supplied from VBAT pin. The power source can be, for
example, an external battery or an external supercapacitor. Two anti-tamper detection pins
are available.

The RTC domain can also be supplied from Vpp.

By means of a built-in switch, an internal voltage supervisor allows automatic switching of
RTC domain powering between Vpp and voltage from VBAT pin to ensure that the supply
voltage of the RTC domain (Vgar) remains within valid operating conditions. If both voltages
are valid, the RTC domain is supplied from Vpp.

An internal circuit for charging the battery on VBAT pin can be activated if the Vpp voltage is
within a valid range.

External interrupts and RTC alarm/events cannot cause the microcontroller to exit the VBAT
mode, as in that mode the Vpp is not within a valid range.

Interconnect of peripherals

Several peripherals have direct connections between them. This allows autonomous
communication between peripherals, saving CPU resources thus power supply
consumption. In addition, these hardware connections allow fast and predictable latency.

Depending on peripherals, these interconnections can operate in Run, Sleep and Stop
modes.

3
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Table 4. Interconnect of peripherals

o
- (7]
Interconnect . c2| 88| 2
Interconnect source L. Interconnect action S3| @3 )
destination X8|po N
: 2
S o
- |
TIMx Timer synchronization or chaining Y Y -
ADCXx Conversion triggers Y Y -
TIMx
DMA Memory-to-memory transfer trigger Y Y -
ADCx TIM1 Timer triggered by analog watchdog Y Y -
TIM16 Timer input channel from RTC events Y Y -
RTC ] - -
LPTIMERxX Low-power timer triggered by RTC Y Y Y
alarms or tampers
All clock sources (internal and TIM14.16.17 Clock source used as mput channel for v v )
external) RC measurement and trimming
CSS
RAM (parity error) )
TIM1,16,17 Timer break Y Y -
Flash memory (ECC error) !
PVD
CPU (hard fault) TIM1,16,17 Timer break Y - -
TIMx External trigger Y Y -
GPIO .
LPTIMERX External trigger Y Y Y
ADC Conversion external trigger Y Y -

3.9 Clocks and startup

The clock controller distributes the clocks coming from different oscillators to the core and
the peripherals. It also manages clock gating for low-power modes and ensures clock
robustness. It features:

e Clock prescaler: to get the best trade-off between speed and current consumption,
the clock frequency to the CPU and peripherals can be adjusted by a programmable
prescaler

e Safe clock switching: clock sources can be changed safely on the fly in run mode
through a configuration register.

e Clock management: to reduce power consumption, the clock controller can stop the
clock to the core, individual peripherals or memory.

3
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e System clock source: three different sources can deliver SYSCLK system clock:

—  4-48 MHz high-speed oscillator with external crystal or ceramic resonator (HSE). It
can supply clock to system PLL. The HSE can also be configured in bypass mode
for an external clock.

— 16 MHz high-speed internal RC oscillator (HS116), trimmable by software. It can
supply clock to system PLL.

—  System PLL with maximum output frequency of 64 MHz. It can be fed with HSE or
HSI16 clocks.

e Auxiliary clock source: two ultra-low-power clock sources for the real-time clock
(RTC):

—  32.768 kHz low-speed oscillator with external crystal (LSE), supporting four drive
capability modes. The LSE can also be configured in bypass mode for using an
external clock.

— 32 kHz low-speed internal RC oscillator (LSI) with +5% accuracy, also used to
clock an independent watchdog.

e Peripheral clock sources: several peripherals (RNG, 12S, USARTs, 12Cs, LPTIMs,
ADC) have their own clock independent of the system clock.

e Clock security system (CSS): in the event of HSE clock failure, the system clock is
automatically switched to HSI16 and, if enabled, a software interrupt is generated. LSE
clock failure can also be detected and generate an interrupt. The CCS feature can be
enabled by software.

e Clock output:

— MCO (microcontroller clock output) provides one of the internal clocks for
external use by the application

— LSCO (low speed clock output) provides LSI or LSE in all low-power modes
(except in VBAT operation).

Several prescalers allow the application to configure AHB and APB domain clock
frequencies, 64 MHz at maximum.

General-purpose inputs/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 (AF). Most of
the GPIO pins are shared with special digital or analog functions.

Through a specific sequence, this special function configuration of I/Os can be locked, such
as to avoid spurious writing to 1/0 control registers.

Direct memory access controller (DMA)

The direct memory access (DMA) controller is a bus master and system peripheral with
single-AHB architecture.

With 5 channels, it performs data transfers between memory-mapped peripherals and/or
memories, to offload the CPU.

Each channel is dedicated to managing memory access requests from one or more
peripherals. The unit includes an arbiter for handling the priority between DMA requests.
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Main features of the DMA controller:
e  Single-AHB master

e  Peripheral-to-memory, memory-to-peripheral, memory-to-memory and peripheral-to-
peripheral data transfers

e Access, as source and destination, to on-chip memory-mapped devices such as flash
memory, SRAM, and AHB and APB peripherals

e All DMA channels independently configurable:

— Each channel is associated either with a DMA request signal coming from a
peripheral, or with a software trigger in memory-to-memory transfers. This
configuration is done by software.

—  Priority between the requests is programmable by software (four levels per
channel: very high, high, medium, low) and by hardware in case of equality (such
as request to channel 1 has priority over request to channel 2).

—  Transfer size of source and destination are independent (byte, half-word, word),
emulating packing and unpacking. Source and destination addresses must be
aligned on the data size.

—  Support of transfers from/to peripherals to/from memory with circular buffer
management

—  Programmable number of data to be transferred: 0 to 2164

e  Generation of an interrupt request per channel. Each interrupt request originates from
any of the three DMA events: transfer complete, half transfer, or transfer error.

DMA request multiplexer (DMAMUX)

The DMAMUX request multiplexer enables routing a DMA request line between the
peripherals and the DMA controller. Each channel selects a unique DMA request line,
unconditionally or synchronously with events from its DMAMUX synchronization inputs.
DMAMUX may also be used as a DMA request generator from programmable events on its
input trigger signals.

Interrupts and events

The device flexibly manages events causing interrupts of linear program execution, called
exceptions. The Cortex-M0+ processor core, a nested vectored interrupt controller (NVIC)
and an extended interrupt/event controller (EXTI) are the assets contributing to handling the
exceptions. Exceptions include core-internal events such as, for example, a division by zero
and, core-external events such as logical level changes on physical lines. Exceptions result
in interrupting the program flow, executing an interrupt service routine (ISR) then resuming
the original program flow.

The processor context (contents of program pointer and status registers) is stacked upon
program interrupt and unstacked upon program resume, by hardware. This avoids context
stacking and unstacking in the interrupt service routines (ISRs) by software, thus saving
time, code and power. The ability to abandon and restart load-multiple and store-multiple
operations significantly increases the device’s responsiveness in processing exceptions.
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Nested vectored interrupt controller (NVIC)

The configurable nested vectored interrupt controller is tightly coupled with the core. It
handles physical line events associated with a non-maskable interrupt (NMI) and maskable
interrupts, and Cortex-MO+ exceptions. It provides flexible priority management.

The tight coupling of the processor core with NVIC significantly reduces the latency between
interrupt events and start of corresponding interrupt service routines (ISRs). The ISR
vectors are listed in a vector table, stored in the NVIC at a base address. The vector
address of an ISR to execute is hardware-built from the vector table base address and the
ISR order number used as offset.

If a higher-priority interrupt event happens while a lower-priority interrupt event occurring
just before is waiting for being served, the later-arriving higher-priority interrupt event is
served first. Another optimization is called tail-chaining. Upon a return from a higher-priority
ISR then start of a pending lower-priority ISR, the unnecessary processor context
unstacking and stacking is skipped. This reduces latency and contributes to power
efficiency.

Features of the NVIC:

e  Low-latency interrupt processing

e 4 priority levels

e Handling of a non-maskable interrupt (NMI)

e Handling of 32 maskable interrupt lines

e Handling of 10 Cortex-M0+ exceptions

e Later-arriving higher-priority interrupt processed first

e Tail-chaining

e Interrupt vector retrieval by hardware

Extended interrupt/event controller (EXTI)

The extended interrupt/event controller adds flexibility in handling physical line events and
allows identifying wake-up events at processor wakeup from Stop mode.

The EXTI controller has a number of channels, of which some with rising, falling or rising,
and falling edge detector capability. Any GPIO and a few peripheral signals can be
connected to these channels.

The channels can be independently masked.
The EXTI controller can capture pulses shorter than the internal clock period.

Aregister in the EXTI controller latches every event even in Stop mode, which allows the
software to identify the origin of the processor's wake-up from Stop mode or, to identify the
GPIO and the edge event having caused an interrupt.

Analog-to-digital converter (ADC)

A native 12-bit analog-to-digital converter is embedded into STM32G041x6/x8 devices. The
ADC has up to 16 external channels and 3 internal channels (temperature sensor, voltage
reference, Vgar monitoring). It performs conversions in single-shot or scan mode. In scan
mode, automatic conversion is performed on a selected group of analog inputs.
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The ADC frequency is independent from the CPU frequency, allowing maximum sampling
rate of ~2.5 MSps even with a low CPU speed. An auto-shutdown function guarantees that
the ADC is powered off except during the active conversion phase.

The ADC can be served by the DMA controller. It can operate in the whole Vpp supply
range.

The ADC features a hardware oversampler up to 256 samples, improving the resolution to
16 bits (refer to AN2668).

An analog watchdog feature allows very precise monitoring of the converted voltage of one,
some or all scanned channels. An interrupt is generated when the converted voltage is
outside the programmed thresholds.

The events generated by the general-purpose timers (TIMx) can be internally connected to
the ADC start triggers, to allow the application to synchronize A/D conversions with timers.

Temperature sensor

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

The temperature sensor is internally connected to an ADC input 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 may
vary from part to part due to process variation, the uncalibrated internal temperature sensor
is suitable only for relative temperature measurements.

To improve the accuracy of the temperature sensor, each part is individually factory-
calibrated by ST. The resulting calibration data are stored in the part’s engineering bytes,
accessible in read-only mode.

Table 5. Temperature sensor calibration values

Calibration value name Description Memory address

TS ADC raw data acquired at a
TS_CAL1 temperature of 30 °C (= 5 °C), 0x1FFF 75A8 - Ox1FFF 75A9
VDDA = VREF+ =30V (i 10 mV)

TS ADC raw data acquired at a
TS_CAL2 temperature of 130 °C (x 5 °C), | Ox1FFF 75CA - Ox1FFF 75CB

Vppa = VRer+ = 3.0V (£ 10 mV)

Internal voltage reference (VRernT)

The internal voltage reference (VreggnT) Provides a stable (bandgap) voltage output for the
ADC. VrggnT is internally connected to an ADC input. The VrggnT VOltage is individually
precisely measured for each part by ST during production test and stored in the part’s
engineering bytes. It is accessible in read-only mode.
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Table 6. Internal voltage reference calibration values

Calibration value name Description Memory address

Raw data acquired at a
VREFINT temperature of 30 °C (£ 5 °C), Ox1FFF 75AA - Ox1FFF 75AB
VDDA = VREF+ =3.0V (i 10 mV)

Vgat battery voltage monitoring

This embedded hardware feature allows the application to measure the Vg1 battery voltage
using an internal ADC input. As the Vgar voltage may be higher than Vppa and thus outside
the ADC input range, the VBAT pin is internally connected to a bridge divider by three. As a
consequence, the converted digital value is one third the Vgar voltage.

Voltage reference buffer (VREFBUF)

When enabled, an embedded buffer provides the internal reference voltage to analog
blocks (for example ADC) and to VREF+ pin for external components.

The internal voltage reference buffer supports two voltages:
e 2048V
e 25V

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

On some packages, the VREF+ pad of the silicon die is double-bonded with supply pad to
common VDD/VDDA pin and so the internal voltage reference buffer cannot be used.

True random-number generator (RNG)

The RNG is a true random-number generator that provides full-entropy outputs to the
application as 32-bit samples. It is composed of a live entropy source (analog) and an
internal conditioning component.

The RNG can be used to construct a NIST-compliant deterministic random bit generator
(DRBG), acting as a live entropy source.

The RNG is tested using the German BSI statistical tests of AlIS-31 (TO to T8).

Advanced-encryption-standard (AES) hardware accelerator

The embedded AES hardware accelerator can encipher or decipher data, using AES
algorithm.

3
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Features of AES:
Encryption/decryption using AES Rijndael Block Cipher algorithm
NIST-FIPS-197-compliant implementation of AES encryption/decryption algorithm

128-bit and 256-bit register for storing the encryption, decryption or derivation key (four

32-bit registers)

Electronic codebook (ECB), cipher block chaining (CBC), counter (CTR), Galois
counter (GCM), Galois message authentication code (GMAC) and cipher message
authentication code (CMAC) modes supported

Key scheduler
Key derivation for decryption

128-bit data block processing
128-bit and 256-bit key length
32-bit input and output buffers
Register access supporting 32-bit data width

128-bit register for the initialization vector when AES is configured in CBC mode or for
the 32-bit counter initialization when CTR mode is selected, GCM mode or CMAC

mode

Automatic data flow control with support of direct memory access (DMA) using 2
channels, one for incoming data, the other for outcoming data

Message processing suspend to process another message with higher priority

3.18 Timers and watchdogs
The device includes an advanced-control timer, five general-purpose timers, two low-power
timers, two watchdog timers and a SysTick timer. Table 7 compares features of the
advanced-control, general-purpose and basic timers.
Table 7. Timer feature comparison
Counter Maximum DMA Capture/ | Comple-
. . . Counter . Prescaler
Timer type Timer resolutio operating request compare mentary
type factor X
n frequency generation | channels | outputs
Advanced- . Up, down, Integer from 4
control TIM1 16-bit up/down 128 MHz | 5 916 Yes + 2 internal 3
. Up, down, Integer from
TIM2 32-bit up/down 64 MHz 1t0 216 Yes 4 -
. Up, down, Integer from
TIM3 16-bit up/down 64 MHz 1t0 216 Yes 4 -
General- . Integer from
TIM14 16-bit Up 64 MHz 16 No 1 -
purpose 1to 2
TIM16 . Integer from
TIM17 16-bit Up 64 MHz 110216 Yes 1 1
LPTIM1 . 2" where
Low-power LPTIM2 16-bit Up 64 MHz =0 to 7 No N/A -
1S7] DS12993 Rev 4 27/128




Functional overview STM32G041x6/x8

3.18.1

3.18.2

28/128

Advanced-control timer (TIM1)

The advanced-control timer can be seen as a three-phase PWM unit multiplexed on 6
channels. It has complementary PWM outputs with programmable inserted dead-times. It
can also be seen as a complete general-purpose timer. The four independent channels can
be used for:

e input capture

e  output compare

e PWM output (edge or center-aligned modes) with full modulation capability (0-100%)
e one-pulse mode output

On top of these, there are two internal channels that can be used.

In debug mode, the advanced-control timer counter can be frozen and the PWM outputs
disabled, so as to turn off any power switches driven by these outputs.

Many features are shared with those of the general-purpose TIMx timers (described in
Section 3.18.2) using the same architecture, so the advanced-control timers can work
together with the TIMx timers via the Timer Link feature for synchronization or event
chaining.

General-purpose timers (TIM2, 3, 14, 16, 17)

There are five synchronizable general-purpose timers embedded in the device (refer to
Table 7 for comparison). Each general-purpose timer can be used to generate PWM outputs
or act as a simple timebase.
o TIM2, TIM3

These are full-featured general-purpose timers:

—  TIM2 with 32-bit auto-reload up/downcounter and 16-bit prescaler

—  TIM3 with 16-bit auto-reload up/downcounter and 16-bit prescaler

They have four independent channels for input capture/output compare, PWM or one-
pulse mode output. They can operate in combination with other general-purpose timers
via the Timer Link feature for synchronization or event chaining. They can generate
independent DMA request and support quadrature encoders. Their counter can be
frozen in debug mode.

e TIM14

This timer is based on a 16-bit auto-reload upcounter and a 16-bit prescaler. It has one
channel for input capture/output compare, PWM output or one-pulse mode output. Its
counter can be frozen in debug mode.

e TIM16, TIM17
These are general-purpose timers featuring:
—  16-bit auto-reload upcounter and 16-bit prescaler
— 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 operate together via the Timer Link feature for synchronization
or event chaining. They can generate independent DMA request. Their counters can
be frozen in debug mode.

3
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3.18.3

3.18.4

3.18.5

3.18.6

3.19

3

Low-power timers (LPTIM1 and LPTIM2)

These timers have an independent clock. When fed with LSE, LSI or external clock, they
keep running in Stop mode and they can wake up the system from it.
Features of LPTIM1 and LPTIM2:
e  16-bit up counter with 16-bit autoreload register
e  16-bit compare register
e  Configurable output (pulse, PWM)
e  Continuous/one-shot mode
e  Selectable software/hardware input trigger
e  Selectable clock source:
— Internal: LSE, LSI, HSI16 or APB clocks

—  External: over LPTIM input (working even with no internal clock source running,
used by pulse counter application)

e Programmable digital glitch filter
e  Encoder mode

Independent watchdog (IWDG)

The independent watchdog is based on an 8-bit prescaler and 12-bit downcounter with
user-defined refresh window. It is clocked from an independent 32 kHz internal RC (LSI).
Independent of the main clock, it can operate in Stop and Standby modes. It can be used
either as a watchdog to reset the device when a problem occurs, or as a free-running timer
for application timeout management. It is hardware- or software-configurable through the
option bytes. Its counter can be frozen in debug mode.

System window watchdog (WWDG)

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

SysTick timer
This timer is dedicated to real-time operating systems, but it can also be used as a standard
down counter.

Features of SysTick timer:

e  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), tamper (TAMP) and backup registers

The device embeds an RTC and five 32-bit backup registers, located in the RTC domain of
the silicon die.

DS12993 Rev 4 29/128




Functional overview STM32G041x6/x8

3.20

30/128

The ways of powering the RTC domain are described in Section 3.7.6.
The RTC is an independent BCD timer/counter.

Features of the RTC:

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 28, 29 (leap year), 30, and 31 days of the month
e  Programmable alarm

e  On-the-fly correction from 1 to 32767 RTC clock pulses, usable for synchronization with
a master clock

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

e Digital calibration circuit with 0.95 ppm resolution, to compensate for quartz crystal
inaccuracy

e Two anti-tamper detection pins with programmable filter

e Timestamp feature to save a calendar snapshot, triggered by an event on the
timestamp pin or a tamper event, or by switching to VBAT mode

e 17-bit auto-reload wakeup timer (WUT) for periodic events, with programmable
resolution and period

e  Multiple clock sources and references:
— A 32.768 kHz external crystal (LSE)
— An external resonator or oscillator (LSE)
—  The internal low-power RC oscillator (LSI, with typical frequency of 32 kHz)
—  The high-speed external clock (HSE) divided by 32
When clocked by LSE, the RTC operates in VBAT mode and in all low-power modes. When

clocked by LSI, the RTC does not operate in VBAT mode, but it does in low-power modes
except for the Shutdown mode.

All RTC events (Alarm, WakeUp Timer, Timestamp or Tamper) can generate an interrupt
and wake the device up from the low-power modes.

The backup registers allow keeping 20 bytes of user application data in the event of Vpp
failure, if a valid backup supply voltage is provided on VBAT pin. They are not affected by
the system reset, power reset, and upon the device’s wakeup from Standby or Shutdown
modes.

Inter-integrated circuit interface (12C)

The device embeds two 12C peripherals. Refer to Table 8 for the features.

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

3
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Features of the 12C peripheral:
e  [2C-bus specification and user manual rev. 5 compatibility:

Slave and master modes, multimaster capability

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

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

Fast-mode Plus (Fm+), with a bitrate up to 1 Mbit/s and extra output drive 1/Os
7-bit and 10-bit addressing mode, multiple 7-bit slave addresses
Programmable setup and hold times

Clock stretching

e  SMBus specification rev 3.0 compatibility:

Hardware PEC (packet error checking) generation and verification with ACK
control

Command and data acknowledge control
Address resolution protocol (ARP) support
Host and Device support

SMBus alert

Timeouts and idle condition detection

e  PMBus rev 1.3 standard compatibility

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

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

Table 8. 12C implementation

I2C features(" 12¢c1 12C2

Standard mode (up to 100 kbit/s) X X

Fast mode (up to 400 kbit/s)

Fast Mode Plus (up to 1 Mbit/s) with extra output drive 1/0Os

Programmable analog and digital noise filters

X | X | X

SMBus/PMBus hardware support

Independent clock

Wakeup from Stop mode on address match

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

1. X: supported

Universal synchronous/asynchronous receiver transmitter
(USART)

The device embeds universal synchronous/asynchronous receivers/transmitters that
communicate at speeds of up to 8 Mbit/s.

They provide hardware management of the CTS, RTS and RS485 DE signals,
multiprocessor communication mode, SP| synchronous communication and single-wire
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half-duplex communication mode. Some can also support SmartCard communication (ISO
7816), IrDA SIR ENDEC, LIN Master/Slave capability and auto baud rate feature, and have
a clock domain independent of the CPU clock, which allows them to wake up the MCU from
Stop mode. The wakeup events from Stop mode are programmable and can be:

e start bit detection
e any received data frame
e a specific programmed data frame

All USART interfaces can be served by the DMA controller.

Table 9. USART implementation
USART modes/features!" USART1 USART2

x
X

Hardware flow control for modem

Continuous communication using DMA

Multiprocessor communication

X | X | X

SPI emulation master/slave (synchronous mode)

Smartcard mode

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

Dual clock domain and wakeup from Stop mode

Receiver timeout interrupt

Modbus communication

Auto baud rate detection

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

Driver Enable

1. X: supported

Low-power universal asynchronous receiver transmitter
(LPUART)

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

The LPUART has a clock domain independent of the CPU clock, and can wakeup the
system from Stop mode. The Stop mode wakeup events are programmable and can be:
e start bit detection

e any received data frame

e a specific programmed data frame

Only a 32.768 kHz clock (LSE) is needed to allow LPUART communication up to 9600
baud. Therefore, even in Stop mode, the LPUART can wait for an incoming frame while

having an extremely low energy consumption. Higher speed clock can be used to reach
higher baudrates.
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The LPUART interface can be served by the DMA controller.

Serial peripheral interface (SPI)

The device contains two SPIs running at up to 32 Mbits/s in master and slave modes. It
supports half-duplex, full-duplex and simplex communications. A 3-bit prescaler gives eight
master mode frequencies. The frame size is configurable from 4 bits to 16 bits. The SPI
peripherals support NSS pulse mode, TI mode and hardware CRC calculation.

The SPI peripherals can be served by the DMA controller.

The IS interface mode of the SPI peripheral (if supported, see the following table) supports
four different audio standards can operate as master or slave, in half-duplex communication
mode. It can be configured to transfer 16 and 24 or 32 bits with 16-bit or 32-bit data
resolution and synchronized by a specific signal. Audio sampling frequency from 8 kHz up to
192 kHz can be set by an 8-bit programmable linear prescaler. When operating in master
mode, it can output a clock for an external audio component at 256 times the sampling
frequency.

Table 10. SPI/I2S implementation

SPI features(!) SPI1 SPI2
Hardware CRC calculation X X
Rx/Tx FIFO X X
NSS pulse mode X X
12S mode X -
Tl mode X X

1. X = supported.

Development support

Serial wire debug port (SW-DP)

An Arm SW-DP interface is provided to allow a serial wire debugging tool to be connected to
the MCU.
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Figure 3. STM32G041Jx SO8N pinout
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Figure 4. STM32G041Yx WLCSP18 ballout
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Figure 5. STM32G041Fx TSSOP20 pinout
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Figure 6. STM32G041GxU UFQFPN28 pinout
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Figure 7. STM32G041KxT LQFP32 pinout
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Figure 8. STM32G041KxU UFQFPN32 pinout
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Figure 9. STM32G041CxT LQFP48 pinout
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Figure 10. STM32G041CxU UFQFPN48 pinout
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Table 11. Terms and symbols used in Pin assignment and description table

Column Symbol Definition
Pi Terminal name corresponds to its by-default function at reset, unless otherwise specified in
in name . ;
parenthesis under the pin name.
S Supply pin
Pin type | Input only pin
1/0 Input / output pin
FT 5V tolerant I/0
RST Reset pin with embedded weak pull-up resistor
Options for FT 1/0s
I/0 structure f /O, Fm+ capable
_a I/0, with analog switch function
_e I/0, with switchable diode to Vpp 04
Note Upon reset, all I/Os are set as analog inputs, unless otherwise specified.
Alternate . .
. Functions selected through GPIOx_AFR registers
Pin functions
functions i
Add'tl.onal Functions directly selected/enabled through peripheral registers
functions

3

DS12993 Rev 4

37/128




Pinouts, pin description and alternate functions

STM32G041x6/x8

Table 12. Pin assignment and description

Pin
S S| . @
E E Pin name o E
ol ol Q|| AR Alternate Additional
zlalalZ 21 &| (function | ¢ = 2 functions functions
0| & Q|| 2|2 uponreset) | & | o
dEEIEIF: =
Sla|la
[T [T
c| g
-l -
R ) TAMP_IN1, RTC_TS,
1 PC13 o | FT TIM1_BK RTC_OUT/, WKUP2
PC14-
-l -|-]-|-12| osc32IN |VO| FT |M@ TIM1_BK2 0SC32_IN
(PC14)
PC14-
11B6|2|1|2]| -] 0SC32IN |I/O| FT |1 TIM1_BK2 0SC32_IN, OSC_IN
(PC14)
PC15-
-|A7| 3| 2| 3|3 |osc3zouT|lO| FT [N 0OSC32_EN, OSC_EN 0SC32_0uUT
(PC15)
- -] - 4 VBAT S - - - VBAT
I - |5 VREF+ S - - - VREF_OUT
2|c7/4|3| 4|6 | VDD/VDDA | S - - - -
3|D6|5|4|5|7]| VSSIVSSA | S - - - -
PF0-OSC_IN
- - -1-18 (PFO) /o | FT - TIM14_CH1 OSC_IN
PF1-
-l -1-|-1]-|9| oscouTr |IWO| FT - OSC_EN 0SC_OuUT
(PF1)
4 |E7| 6| 5|6 |10| PF2-NRST | I/O |RST,FT| ©@ MCO NRST
3 | SPI2_SCK, USART2_CTS, ADC_INO,
AR T e T PAO Vo | FT_a TIM2_CH1_ETR, LPTIM1_OUT| TAMP_IN2,WKUP1
SPI1_SCK/I2S1_CK,
) USART2_RTS_DE_CK,
4|c5|8 |7 |8 |12 PA1 /0 | FT ea TIM2. CH2, 12G1_SMBA, ADC_IN1
EVENTOUT
SPI1_MOSI/I2S1_SD, ADC IN2
4 |E5|9| 8913 PA2 /o | FT.a | @ USART2_TX, TIM2_CH3, WKUPZLSCO
LPUART1_TX 7
SPI2_MISO, USART2_RX,
- |Da|10| 9 |10 |14 PA3 /O | FT ea | - TIM2_CH4, LPUART1_RX, ADC_IN3
EVENTOUT
SPI1_NSS/12S1_WS,
- -1 - |15 PA4 /O | FT.a | - SPI2_MOSI, TIM14_CH1, | ADC_IN4, RTC_OUT2
LPTIM2_OUT, EVENTOUT
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Table 12. Pin assignment and description (continued)
Pin
N o]
(4]
g % Pin name | o 3
vl ol Q|| S| %8 | ¢ Alternate Additional
z alf Z 12| (function < = S functions functions
O| 8| Q|| 2|2 uponreset) | & o
*lg/eElsls =
Ola|a
[T (IR
g| g
- -
SPI1_NSS/I2S1_WS, ADC_IN4,
- D411 (10| 11| - PA4 /O | FT_a - SPI2_MOSI, TIM14_CH1, TAMP_IN1, RTC_TS,
LPTIM2_OUT, EVENTOUT RTC_OUT1, WKUP2
SPI1_SCK/I2S1_CK,
- |C3|12] 11 |12|16 PA5 /O | FT_ea | - TIM2_CH1_ETR, ADC_IN5
LPTIM2_ETR, EVENTOUT
SPI1_MISO/12S1_MCK,
- |E3|13] 12|13 |17 PAG /O | FT_ea | - TIM3_CH1, TIM1_BK, ADC_IN6
TIM16_CH1, LPUART1_CTS
SPI1_MOSI/12S1_SD,
- |D2|14 (13|14 |18 PA7 /O | FT_a - TIM3_CH2, TIM1_CH1N, ADC_IN7
TIM14_CH1, TIM17_CH1
SPI1_NSS/I2S1_WS,
5|E1(15(14 | 15|19 PBO /1O | FT ea - TIM3_CH3, TIM1_CH2N, ADC_IN8
LPTIM1_OUT
TIM14_CH1, TIM3_CH4,
TIM1_CH3N, LPTIM2_IN1,
5 |E1{15| 15|16 |20 PB1 /O | FT_ea | - LPUART_RTS. DE, ADC_IN9
EVENTOUT
SPI2_MISO, LPTIM1_OUT,
- |[E1]15| - [17 |21 PB2 /O | FT_ea | - EVENTOUT ADC_IN10
LPUART1_RX, TIM2_CH3,
- - - - - |22 PB10 /1O | FT_fa - SPI2_SCK, 12C2_SCL ADC_INM
SPI2_MOSI, LPUART1_TX,
-l -] -] -1-1]23 PB11 /O | FT_fa | - TIM2_CH4, 12C2_SDA ADC_IN15
SPI2_NSS,
- - - - - |24 PB12 /1O | FT_a - |LPUART1_RTS_DE, TIM1_BK, ADC_IN16
EVENTOUT
SPI2_SCK, LPUART1_CTS,
- - - - - |25 PB13 110 FT_f - TIM1_CH1N, 12C2_SCL, -
EVENTOUT
SPI2_MISO, TIM1_CH2N,
o R I R R PB14 Vo | FTf . [2C2_SDA, EVENTOUT )
SPI2_MOSI, TIM1_CH3N,
- - - - - |27 PB15 110 FT - EVENTOUT RTC_REFIN
MCO, SPI2_NSS, TIM1_CH1,
5 |E1|(15|16 | 18|28 PA8 o] FT - LPTIM2_OUT, EVENTOUT -
Kys DS12993 Rev 4 39/128
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Table 12. Pin assignment and description (continued)

Pin
N =)
[
g % Pin name | o 3
vl ol Q|| S| %8 | ¢ Alternate Additional
z alf Z 12| (function < = S functions functions
O| 8| Q|| 2|2 uponreset) | & o
*lg/eElsls =
SR a
L L
G|
-l -
MCO, USART1_TX,
- -] - ]19]29 PA9 /o | FT_f | - TIM1_CH2, SPI2_MISO, -
12C1_SCL, EVENTOUT
| -1]-[17]20]30 PC6 o | FT - TIM3_CH1, TIM2_CH3 -
S I N e T PC7 o | FT - TIM3_CH2, TIM2_CH4 -
SPI2_MOSI, USART1_RX,
- - - ]21]32 PA10 /o | FT_f | - TIM1_CH3, TIM17_BK, -
12C1_SDA, EVENTOUT
SPI1_MISO/I2S1_MCK,
-l - -] -1|-133 PAMM[PA9] |I/O| FTf | ® | USART1_CTS, TIM1_CH4, -
TIM1_BK2, 12C2_SCL
SPI1_MISO/I2S1_MCK,
5|C1[16|18 22| - | PA1M[PA9] | I/O | FT fa | ¥ | USART1_CTS, TIM1_CH4, ADC_IN15
TIM1_BK2, 12C2_SCL
SPI1_MOSI/I2S81_SD,
R @) USART1_RTS_DE_CK, )
34 | PA12[PA10] | I/O | FT_f TIM1_ETR, 125_CKIN,
12C2_SDA
SPI1_MOSI/I2S81_SD,
) @) USART1_RTS_DE_CK,
6 |B2[17 |19 |23 PA12 [PA10] | /O | FT fa TIM1_ETR, 125_CKIN, ADC_IN16
12C2_SDA
7 |A1]18|20 |24 |35 PA13 /0 | FT_ea | ® | SWDIO, IR_OUT, EVENTOUT ADC_IN17
) ) SWCLK, USART2_TX,
8 |A3[19|21 | 25|36 | PA14-BOOTO | /O | FT_a EVENTOUT ADC_IN18, BOOTO
SPI1_NSS/I2S1_WS,
8 |A3[19|22 |26 |37 PA15 /o | FT - |USART2_RX, TIM2_CH1_ETR, -
EVENTOUT
EVENTOUT, SPI2_NSS,
-] -]-1]-]38 PDO o | FT - TIM16. CH1 -
EVENTOUT, SPI2_SCK,
- - -] -39 PD1 /o | FT - TIM17_CH1 -
- -1-1]-]40 PD2 o | FT - TIM3_ETR, TIM1_CH1N -
USART2_CTS, SPI2_MISO,
B PD3 /o | FT - TIM1_GH2N -
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Table 12. Pin assignment and description (continued)
Pin
N o]
(4]
g % Pin name | o 3
vl ol Q|| S| %8 | ¢ Alternate Additional
z alf Z 12| (function < = S functions functions
3 8 8 w | 2| 2| uponreset) | & o
ST =
Ola|a
[T (IR
g| g
- -
SPI1_SCK/I2S1_CK,
TIM1_CH2, TIM2_CHZ2,
- |B4|20| 23|27 |42 PB3 o | FT - USART1 RTS. DE_CK. -
EVENTOUT
SPI1_MISO/I2S1_MCK,
- |B4|20 |24 |28 |43 PB4 1/0 FT - TIM3_CH1, USART1_CTS, -
TIM17_BK, EVENTOUT
SPI1_MOSI/I2S1_SD,
8 |B4|120| 25|29 |44 PB5 110 FT - TIM3_CH2, TIM16_BK, WKUP6
LPTIM1_IN1, 12C1_SMBA
USART1_TX, TIM1_CH3,
TIM16_CH1N, SPI2_MISO,
8 |B4|120| 26 | 30 | 45 PB6 110 FT_f - LPTIM1_ETR, 12C1_SCL, -
EVENTOUT
USART1_RX, SPI2_MOSI,
-l - - - - | 46 PB7 110 FT_f - TIM17_CH1N, LPTIM1_IN2, PVD_IN
12C1_SDA, EVENTOUT
USART1_RX, SPI2_MOSI,
1|A5| 1 (27|31 - PB7 /O | FT_fa - TIM17_CH1N, LPTIM1_IN2, ADC_IN11, PVD_IN
12C1_SDA, EVENTOUT
SPI2_SCK, TIM16_CHA1,
1 |A5| 1283247 PB8 110 FT f - 12C1_SCL. EVENTOUT -
IR_OUT, TIM17_CH1,
1(B6| 2| - 1 (48 PB9 110 FT_f - SPI2_NSS, 12C1_SDA, -
EVENTOUT

1.

N

o &

- The speed should not exceed 2 MHz with a maximum load of 30 pF
- These GPIOs must not be used as current sources (for example to drive a LED).

PC13, PC14 and PC15 are supplied through the power switch. Since the switch only sinks a limited amount of current (3
mA), the use of GPIOs PC13 to PC15 in output mode is limited:

After an RTC domain power-up, PC13, PC14 and PC15 operate as GPIOs. Their function then depends on the content of

the RTC registers. The RTC registers are not reset upon system reset. For details on how to manage these GPIOs, refer to
the RTC domain and RTC register descriptions in the RM0444 reference manual.

RST I/O structure when the PF2-NRST pin is configured as reset (input or input/output mode), FT 1/O structure when the

PF2-NRST pin is configured as GPIO. The PF2-NRST default functionality is NRST. If used in this mode on SO8 and
WLCSP, take particular care about the configuration of the other 1/Os connected to this pin.

down on PA14 pin are activated.

S74
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Pins PA9 and PA10 can be remapped in place of pins PA11 and PA12 (default mapping), using SYSCFG_CFGR1 register.

Upon reset, these pins are configured as SWD alternate functions, and the internal pull-up on PA13 pin and the internal pull-
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Table 13. Port A alternate function mapping

Port AF0 AF1 AF2 AF3 AF4 AF5 AF6 AF7
PAO SPI2_SCK USART2_CTS | TIM2_CH1_ETR - - LPTIM1_OUT - -
SPI1_SCK/ USART2_RTS
PA1 28T OK "DE CK TIM2_CH2 - - - [2C1_SMBA EVENTOUT
PA2 SPI1_MOSI/ USART2_TX TIM2_CH3 - - - LPUART1_TX -
12S1_SD - — -
PA3 SPI2_MISO USART2_RX TIM2_CH4 - - - LPUART1_RX EVENTOUT
PA4 SPI_NSS/ SPI2_MOSI - - TIM14_CH1 LPTIM2_OUT - EVENTOUT
12S1_WS — - —
PA5 SPI1_SCK/ - TIM2_CH1_ETR - - LPTIM2_ETR - EVENTOUT
1281_CK —— —
SPI1_MISO/
PA6 1257 MOK TIM3_CH1 TIM1_BKIN - - TIM16_CH1 LPUART1_CTS -
PA7 SPI1_MOSV TIM3_CH2 TIM1_CH1IN TIM14_CH1 TIM17_CH1 - -
12S1_SD — - - - -
PA8 MCO SPI2_NSS TIM1_CH1 - - LPTIM2_OUT - EVENTOUT
PA9 MCO USART1_TX TIM1_CH2 - SPI2_MISO - 12C1_SCL EVENTOUT
PA10 | SPI2_MOSI USART1_RX TIM1_CH3 - - TIM17_BKIN 12C1_SDA EVENTOUT
SPI1_MISO/
PA11 251 MCK USART1_CTS TIM1_CH4 - - TIM1_BKIN2 12C2_SCL -
SPI1_MOSI/ USART1_RTS
PA12 12571 SD "DE K TIM1_ETR - - 12S_CKIN 12C2_SDA -
PA13 SWDIO IR_OUT - - - - - EVENTOUT
PA14 SWCLK USART2_TX - - - - - EVENTOUT
SPI1_NSS/
PA15 25T WS USART2_RX | TIM2_CH1_ETR - - - - EVENTOUT

8X/9XL¥0DZENLS



¥ A9Y €66¢1Sd

8ClL/ey

Table 14. Port B alternate function mapping
Port AFO0 AF1 AF2 AF3 AF4 AF5 AF6 AF7
SPI1_NSS/
PBO 1251 WS TIM3_CH3 TIM1_CH2N - - LPTIM1_OUT - -
PB1 TIM14_CH1 TIM3_CH4 TIM1_CH3N - - LPTIM2_IN1 LPUARS;—RTS EVENTOUT
PB2 - SPI2_MISO - - - LPTIM1_OUT - EVENTOUT
SPI1_SCK/ USART1_RTS
PB3 1257 CK TIM1_CH2 TIM2_CH2 - " DE_CK - - EVENTOUT
SPI1_MISO/
PB4 12S1_MCK TIM3_CH1 - - USART1_CTS TIM17_BKIN - EVENTOUT
PB5 SPI1_MOSV/ TIM3_CH2 TIM16_BKIN - - LPTIM1_IN1 [2C1_SMBA -
12S1_SD - - - -
PB6 USART1_TX TIM1_CH3 TIM16_CH1N - SPI2_MISO LPTIM1_ETR 12C1_SCL EVENTOUT
PB7 USART1_RX SPI2_MOSI TIM17_CH1N - - LPTIM1_IN2 12C1_SDA EVENTOUT
PB8 - SPI2_SCK TIM16_CHA1 - - - I2C1_SCL EVENTOUT
PB9 IR_OUT - TIM17_CH1 - - SPI2_NSS 12C1_SDA EVENTOUT
PB10 - LPUART1_RX TIM2_CH3 - - SPI2_SCK 12C2_SCL -
PB11 SPI2_MOSI LPUART1_TX TIM2_CH4 - - - 12C2_SDA -
PB12 SPI2_NSS LPUARS;—RTS TIM1_BKIN - - - - EVENTOUT
PB13 SPI2_SCK LPUART1_CTS TIM1_CH1N - - - 12C2_SCL EVENTOUT
PB14 SPI2_MISO - TIM1_CH2N - - - 12C2_SDA EVENTOUT
PB15 SPI2_MOSI - TIM1_CH3N - - - - EVENTOUT
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Table 15. Port C alternate function mapping

Port AF0 AF1 AF2 AF3 AF4 AF5 AF6 AF7
PC6 - TIM3_CH1 TIM2_CH3 - - - - -
PC7 - TIM3_CH2 TIM2_CH4 - - - - -
PC13 - - TIM1_BKIN - - - - -
PC14 - - TIM1_BKIN2 - - - - -
PC15 OSC32_EN OSC_EN - - - - - -
Table 16. Port D alternate function mapping
Port AFO0 AF1 AF2 AF3 AF4 AF5 AF6 AF7
PDO EVENTOUT SPI2_NSS TIM16_CH1 - - - - -
PD1 EVENTOUT SPI2_SCK TIM17_CH1 - - - - -
PD2 - TIM3_ETR TIM1_CH1N - - - - -
PD3 USART2_CTS SPI2_MISO TIM1_CH2N - - - - -
Table 17. Port F alternate function mapping
Port AF0 AF1 AF2 AF3 AF4 AF5 AF6 AF7
PFO - - TIM14_CH1 - - - - -
PF1 OSC_EN - - - - - - -
PF2 MCO - - - - - - -
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Electrical characteristics

Parameter conditions

Unless otherwise specified, all voltages are referenced to Vgs.

Parameter values defined at temperatures or in temperature ranges out of the ordering
information scope are to be ignored.

Packages used for characterizing certain electrical parameters may differ from the
commercial packages as per the ordering information.

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 = Ta(max) (given by
the selected temperature range).

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

Typical values

Unless otherwise specified, typical data are based on Ty =25 °C, Vpp = Vppa =3 V. They
are given only as design guidelines and are not tested.

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

Typical curves

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

Loading capacitor

The loading conditions used for pin parameter measurement are shown in Figure 11.

Pin input voltage

The input voltage measurement on a pin of the device is described in Figure 12.

Figure 11. Pin loading conditions Figure 12. Pin input voltage
MCU pin MCU pin
C =50 pF
DS12993 Rev 4 45/128




Electrical characteristics STM32G041x6/x8

5.1.6 Power supply scheme

Figure 13. Power supply scheme
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1. Internally connected to Vppa on devices without VREF+ pin.
2. Only required when VREFBUF is used.

Caution:  Power supply pin pair (VDD/VDDA and VSS/VSSA) must be decoupled with filtering
ceramic capacitors as shown above. These capacitors must be placed as close as possible
to, or below, the appropriate pins on the underside of the PCB to ensure the good
functionality of the device.

3
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51.7 Current consumption measurement
Figure 14. Current consumption measurement scheme
IDDVBAT
VBAT
VBATi O {1
- oo\ oonvboA
Voo M h
(Vopa) i U
MSv47901V1
5.2 Absolute maximum ratings
Stresses above the absolute maximum ratings listed in Table 18, Table 19 and Table 20
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. The device mission profile
(application conditions) is compliant with the JEDEC JESD47 qualification standard.
All voltages are defined with respect to Vggs.
Table 18. Voltage characteristics
Symbol Ratings Min Max Unit
Vop External supply voltage -0.3 4.0 Vv
VeaT External supply voltage on VBAT pin -0.3 4.0 \Y
VREF+ External voltage on VREF+ pin -0.3 Min(Vpp + 0.4,4.0) | V
Input voltage on FT_xx -0.3 Vpp + 4.0G)
1
vint® Input voltage on any other pin -0.3 4.0 v
1. Refer to Table 19 for the maximum allowed injected current values.
2. To sustain a voltage higher than 4 V the internal pull-up/pull-down resistors must be disabled.
3. When an FT_a pin is used by an analog peripheral such as ADC, the maximum V,y is 4 V.

Table 19. Current characteristics

Symbol Ratings Max Unit

lvbp/vVDDA Current into VDD/VDDA power pin (source)") 100 mA

lvss/VSSA Current out of VSS/VSSA ground pin (sink)?) 100 mA
Output current sunk by any I/O and control pin except FT_f 15

lioPINy Output current sunk by any FT_f pin 20 mA
Output current sourced by any I/O and control pin 15

S74
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Table 19. Current characteristics (continued)

Symbol Ratings Max Unit
Total output current sunk by sum of all I/Os and control pins 80

2lorin) . mA
Total output current sourced by sum of all I/Os and control pins 80

IINJ(PIN)(Z) Injected current on a FT_xx pin -5/ NA®) oA

2linoeiny| Total injected current (sum of all I/Os and control pins)*) 25 mA

1. All main power (VDD/VDDA, VBAT) and ground (VSS/VSSA) pins must always be connected to the external power
supplies, in the permitted range.

2. Apositive injection is induced by V|y > Vpp|o4 While a negative injection is induced by V| < Vgs. linypiny Must never be
exceeded. Refer also to Table 18: Voltage characteristics for the maximum allowed input voltage values.

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

4. When several inputs are submitted to a current injection, the maximum 3 |linypinyl is the