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32-bit ARM core-based standard microcontroller with 64 or 128K

bytes of flash memory Features

■Core:ARM 32-bitCortex™-M3 core

– Up to 72MHz operating
frequency with 0 w a i t -
cyc le accesses to the
memory
1.25DMips/MHz (Dhrystone2.1)

– Single-cycle multiplicationand

hardwaredivision

■memory (unit)

– 64KB or 128KB Program Flash

– 20KB SRAM
■Clock, reset and powermanagement

– 2.0 to 3.6V power supply and I/O

pins

– PowerOn/PowerOffReset
(POR/PDR), Programmable
Voltage Monitor (PVD)

– 4～16MHz CrystalOscillator

– Embedded factory-tuned 8MHz
high-speed RC oscillator

– Embedded 40kHz low-speed RC
oscillator with calibration

– PLL forgenerating CPU clock

– 32kHzRTCoscillatorwith

calibration function
12-bit with conversion
(up to 16 input channels)

– Conversion range: 0 to3.6V

– Dual sample and hold function

– temperature sensor

■DMA:

– 7-Channel DMAController

– Supported peripherals: Timer,

ADC, SPI,
I2C and USART

– Sleep, shutdownand standbymodes

– VBAT supplies power to the RTC and

backup registers

◆ Up to 80 fast I/O ports

- 37/51/80 I/Oports, all I/Oports canbe
mapped to 16 external interrupts;
almost all ports can withstand 5V
signals

■ lowpower
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■CRC calculation unit, 96-bit chipunique

identifier

■ debugmode

– Serial Single Wire Debug (SWD) and

JTAG interfaces

■ 7 timers

– Three 16-bit timers, each with
up to four channels f or
i npu t cap ture /ou tpu t
compare/PWM or pulse
counting and incremental
encoder inputs

– 1 x 16-bit PWM advanced
control timer with
deadband control and
emergency brake for motor
control

– 2 watchdog timers (standalone and

windowed)

– System time timer: 24-bit self-

subtractingcounter

■Up to 9 communicationinterfaces

– Up to 2 I2C interfaces (SMBus/PMBus

support)

– Up to 3 USART interfaces
(supports ISO7816 interface,
LIN IrDA interface and modem
control)

– Up to 2 SPI interfaces (18M bits/sec)

– CAN interface (2.0B active)

– USB 2.0 Full Speed Interface
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1.present (sb for a job etc)

This documentgives the device characteristicsof theHyscanGX32F103xx standardMCUproduct.

GX32F103xx datasheet andmust be read in conjunctionwith its associated referencemanual.

ForinformationabouttheCortex™-M3core,refertotheCortex-M3TechnicalReferenceManual.
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2.Specification

bit
The GX32F103xx standard MCU family utilizes a high-performance ARM® Cortex™-M3 32-

RISC core operating at 72MHz, with built-in high-speed memory (up to 128K bytesof Flash and

20K bytes of SRAM), a rich set of enhanced I/O ports, and peripherals connected to two APB buses.
Two 12-bit ADCs, three general-purpose 16-bit timers and a PWM timer are included, as well as

standard and advanced communication interfaces: up to two I2C and SPI interfaces, three USART
interfaces, a USB interface and a CAN interface. The GX32F103xx standard MCU family is available
with supply voltages from 2.0V to 3.6V, an operating temperature range of -40°C to +85°C, and an

operating temperature range of -40°C to +85°C. The GX32F103xx standardMCU family is

An extended temperature range of
applications are met.

also available in a range of -40°C to +85°C.
+105°C and a range of power-saving modes ensure that low-power

The GX32F103xx standard family is available in four different package formats ranging from 48
pins to 100 pins; depending on the package format, the peripheral configurations in the device vary.
A basic description of all the peripherals in this family is given below.

TheseextensiveperipheralconfigurationsallowtheGX32F103xxstandardfamilyof
microcontrollers to be used in a wide variety of applications:

• Motor drives and application control;
• Medical and handhelddevices;
• PC gaming peripherals and GPSplatforms;
• Industrial applications: programmable logic controllers (PLCs), inverters, printers and

scanners;

• Alarm systems, video intercom andHVAC systems, etc.

2.1summarize

SPI 2 2 2
I2C 2 2 2

USART 3 3 3
USB 1 1 1
CAN 1 1 1

ts (number 37 51 80
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2.1.1ARM ® 's Cortex™-M3 core with embedded Flash and SRAM

ARM's Cortex™-M3 processor is the latest generation of embedded ARM processors, providing
the low-cost platform, reduced pin count and reduced system power consumption needed to
implement MCUs, while delivering superior computational performance and advanced interrupt
system response.

ARM's Cortex™-M3 is a 32-bit RISC processor that provides additional code efficiency, utilizing
the high performance of the ARM core in the storage space typically found in 8- and 16-bit
systems.

The GX32F103xx Standard series has a built-in ARM core, making it compatible with all ARM
tools and software. Figure 1 shows the functional block diagram of this series.

2.1.2 internal flashmemory

64K or 128K bytes of internal flash memory for programs and data.

2.1.3CRC (Cyclic Redundancy Check) calculationunit

The CRC (Cyclic Redundancy Check) calculation unit uses a fixed polynomial generator to
produce a CRC code from a 32-bit data word. In numerous applications, CRC-based techniques are
used to verify the consistency of data transmission or storage. Within the scope of the EN/IEC
60335-1 standard, which provides a means of detecting errors in flash memory, the CRC
calculation unit can be used to compute the signature of software in real time and compare it
with the signature generated at the time of linking and generating that software.

2.1.4 Internal SRAM

20K bytes of internal SRAM that can be accessed (read/write) by the CPU with 0 wait cycles.

2.1.5Nested Vectorized Interrupt Controller (NVIC)

The standardGX32F103xx has a built-in nested vectorized interrupt controller capable of handling

up to 43 maskable interrupt channels (not including 16).

Cortex™-M3 interrupt lines) and 16 priority levels.

• The tightly coupled NVIC enables low-latency interrupt response processing;

• The interrupt vector entry address goes directly to the kernel;

• Tightly coupled NVIC interface;;.

• Allow early processing of interrupts

• Handles late arriving higher priority interrupts;
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• Support for breaking the tail link function;

• Automatically saves the processor state;

• Interrupts are automatically resumed

on return without additional instruction overhead.

The module provides flexible interrupt

management capabilities with minimal interrupt

latency.
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2.1.6External Interrupt/Event Controller (EXTI)

The external interrupt/event controller contains 19 edge detectors for generating
interrupt/event requests. Each interrupt line can be independently configured with its trigger
event (rising or falling edge or double edge) and can be individually masked; a pending register
maintains the status of all interrupt requests. EXTI can detect pulses with a width less than the
clock period of the internalAPB2. Up to 80 general-purpose I/O ports are connected to 16 external
interrupt lines.

2.1.7Clock and startup

The selection of the system clock is done at startup, the internal 8MHz RC oscillator is selected
as the default CPU clock at reset, followed by an external, failure-monitored 4-16MHz clock; when
an external clock failure is detected, it is isolated and the system automatically switches to the
internal RC oscillator, with an interrupt enabled so that the software can receive the appropriate
interrupt. Similarly, full interrupt management of the PLL clock can be taken when required (e.g.
when an external oscillator used during a period fails).

Multiple prescalers are used to configure the frequency of the AHB, the high speed APB
, and the low speed regions. the maximum frequency of the and the high
APB is 72 MHz, and the maximum frequency of the low speed APB is 36 MHz. refer to the

Clock Driver Block Diagram as shown in 2.

2.1.8bootstrapmodel

At startup, one of three bootstrap modes can be selected via the bootstrap pin:

• Bootstrap from program flashmemory;
• Bootstrap from systemmemory;

• Bootstrap from internalSRAM.

The bootloader is stored in systemmemory and canbe reprogrammed to flashmemoryviaUSART1.

2.1.9Power supply program

• VDD= 2.0 to 3.6V: TheVDDpin supplies power to the I/O pins and the internal regulator;
• VSSA, VDDA= 2.0 to 3.6V: Provides power to the analog portion of the ADC, reset module,

RC oscillator, and PLL. Use
For ADC, VDDA must not be less than 2.4 V. VDDA and VSSA must be connected to VDD and VSS

respectively;
• VBAT = 1.8 to 3.6V: Wh e n VDD is turned off, power is supplied (via the internal power

switcher) to the RTC, external 32kHz oscillator, and back-up registers.
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Formore informationonhow to connect the power supplypins, seeFigure10 Power S
Datasheet

upply

Scheme.
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2.1.10 Power supplymonitor

A power-on reset (POR)/power-down reset (PDR) circuit is integrated into the device, which
is always in operation to ensure that the system operates when the power supply exceeds 2V;
when VDD falls below the set threshold (VPOR/PDR), the device is placed in reset without the need to
use external reset circuitry. The device also includes a programmable voltage monitor (PVD) that
monitors the VDD/VDDA supply and compares it to the threshold VPVD, generating an interrupt when
VDD is below or above the threshold VPVD, which can be used by the interrupt handler to issue a
warning message or to transfer the microcontroller to a safe mode.The PVD function needs to be
programmatically enabled. Refer to Table 8 for VPOR/PDR and VPVD values.

2.1.11 regulator

The regulator has three modes of operation: main mode (MR), low power mode (LPR) and

shutdown mode

• The main mode (MR) is used for normal runtime operation;
• Low power mode (LPR) is used for CPU shutdownmode;
• Theshutdownmode is used in the standbymodeof theCPU: the output of the regulator is

in a high resistance state, the power supply to the core circuitry is cut off, and the
regulator is in a state of zero consumption (but the contents of the registers and
SRAM will be lost).

The regulator is always active after reset and shutsdown in standbymodeat the high resistance

output.

2.1.12 Low PowerMode

The GX32F103xx standard product supports three low-power modes that provide anoptimal
balance between the requirement for low power consumption, short start-up times and multiple
wake-up events.

sleep mode
In sleepmode, only theMCU is stopped and all peripherals are active and canwake up theMCU in
case of aninterrupt/event.

shutdown mode
The shutdown mode achieves the lowest power consumption while maintaining no loss of

SRAM and register contents. In shutdown mode, all internal 1.5V sections are de-energized, the
PLL, the HSI's RC oscillator, and the HSE crystal oscillator are turned off, and the regulator can be
placed in either normal mode or low-power mode.

The microcontroller can be woken up from shutdown mode by any signal configured as EXTI,
which can be one of the 16 external I/O ports, the output of the PVD, an RTC alarm, or a USB wake-
up signal.

standbymode
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Minimal power consumption can be achieved in standby mode. The
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regulator is switched off, so that all internal 1.5V sections are disconnected; the PLL, the RC
oscillator of the HSI and the HSE crystal oscillator are also switched off; by entering the standby
mode, the contents of the SRAM and the registers are lost, but the contents of the backup registers
remain, and the standby circuits are still working.

Exiting from standby mode is conditional on an external reset signal on NRST, an IWDG reset, a
rising edge on theWKUP pin or a

RTC when the alarm occurs.

NOTE: The RTC, IWDG and their corresponding clocks are not stoppedwhen entering shutdown or standbymode.
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low-power oscillator, or a high-speed external clock divided by

internal low-power oscillator has a typical frequency of

2.1.13 DMA

Flexible 7-way general-purpose DMA manages memory-to-memory, device-to-memory, and
memory-to-device data transfers; the DMA controller supports ring buffer management, avoiding
interrupts when controller transfers reach the end of the buffer.

Each channel has dedicated hardware DMA request logic, while each channel can be
triggered by software; the length of the transmission and the source and destination addresses of
the transmission can be set individually by software.

DMAcanbe used for themain peripherals: SPI, I2C,USART, aswell as the general purpose,

advanced control timers TIMx andADC.

2.1.14RTC (Real Time Clock) andBackupRegisters

The RTC andBackupRegisters are powered by a switch that selects VDD when VDD is active, otherwise
they are powered by the VBAT pin. The back-up registers (10 16-bit registers) can be used to hold
20 bytes of user application data when VDD is turned off.The RTC and back-up registers are not reset
by the system or power reset source; nor are they reset when woken up from standbymode.

The real time clock has a set of continuously running counters, a calendar clock function that
can be provided by appropriate software, and an alarm interrupt and phase interrupt function.The
RTC's drive clock can be a 32.768kHz oscillator using an external crystal, an internal

RC 128.The typical frequency of the
internal low-power RC oscillator is 40kHz.To compensate for deviations from the natural crystal, the RTC can be
calibrated by outputting a 512Hz signal. The RC
40kHz, and the RTC's clock can be calibrated by outputting a 512Hz signal to compensate for
deviations in the natural crystal. the RTC has a 32-bit programmable counter, and long-time
measurements can be made using a comparison register. There is a 20-bit prescaler for the time
base clock, which by default generates a 1-second long time reference when the clock is
32.768kHz.

2.1.15 Timers andWatchdogs

The GX32F103xx standard family includes one advanced control timer, three general-purpose

timers, as well as two watchdog timers and a

system timers.

The following table compares the functions of the Advanced Control Timer, Normal Timer, and

Basic Timer:

Table 2.Comparison of timer functions

timers Counter

Resolution

Counter Type presharing factor Generate DMA

request

Capture/Compa

re Channel

c
p
m

o
le
m

tar
e
i
n
t
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y
expo

rts
TIM1 16-bit Incremental Count/

Decremental Count
Any integer between 1

and 65536.
can 4 there

are
TIM2
TIM3
TIM4

16-bit Incremental Count/
Decremental Count

Any integer between 1
and 65536.

can 4 hasn't
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the

Advanced Control Timer (TIM1)

The advanced control timer (TIM1) can be thought of as a three-phase PWMgenerator assigned

to six channels with complementary deadband insertion.

The PWM output can also be used as a complete general-purpose timer. 4 independent channels are
available:

• Input Capture;
• OutputComparison;
• Generate PWM (edge or center alignedmode);
• Single pulseoutput.

When configured as 16-bit standard timer, it has the same function as TIMx timer. When
configured as a 16-bit PWM generator, it has full modulation capability (0~100%).

In debug mode, the counter can be frozen while the PWM outputs are disabled, thus cutting
off the switches controlled by these outputs. Many of the functions are the same as the standard
TIM timer and the internal structure is the same, so the Advanced Control Timer can operate
with the TIM timer through the timer link function to provide synchronization or event link
function.

Universal Timer (TIMx)
Up to three standard timers (TIM2, TIM3, and TIM4) for synchronous operation are built into
GX32F103xx standard model. Each timer has a 16-bit auto-loading increment/decrement

counter, a 16-bit prescaler, and four independent channels, each of which can be used for input
capture, output compare, PWM, and single-pulse-mode outputs, providing up to 12 input
capture, output compare, or PWM channels in the largest package configuration.

They can also work with advanced control timers through the timer linking feature, providing
synchronization or event linking. The counters can be frozen in debug mode. Any of the standard
timers can be used to generate a PWM output. Each timer has a separate DMA request mechanism.

These timers are also capable of handling signals from incremental encoders, as well as digital

outputs from 1 to 3 Hall sensors.

Independent Watchdog
The Standalone Watchdog is based on a 12-bit decrement counter and an 8-bit prescaler,

which is clocked by an internal independent 40kHz RC oscillator; since this RC oscillator is
independent of the main clock, it can operate in shutdown and standby modes. It can be used as
a watchdog to reset the entire system in the event of a problem, or as a free timer to provide
timeout management for applications. The option byte can be configured to be a software or
hardware initiated watchdog. In debug mode the counter can be frozen.

Windows Watchdog
The window watchdog contains a 7-bit decrement counter that can be configured to run

freely. When used as a watchdog, it can reset the entire system in the event of a problem. It is
driven by the master clock and has an early warning interrupt; the counter can be frozen in debug
mode.
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system time base timer
Datasheet

This timercanbeusedexclusively for real-timeoperatingsystemsor as a standarddecrementing
counter. It has the following characteristics:

• 24-bit decrementing counter;
• Auto Reloadfunction;
• Amaskable system interrupt can be generated when the counter is 0;

• Programmable clocksource.
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2.1.16 I2C bus

Up to 2 I2C bus interfaces, capable of operating in multi-master or slave modes, supporting

standard and fastmodes.
The I2C interface supports 7-bit or 10-bit addressing, and the 7-bit slave mode supports dual

slave address addressing. A hardware CRC generator/checker is built-in. The interface can be
operated using DMA and supports SMBus bus version 2.0/PMBus bus.

2.1.17Universal Synchronous/Asynchronous Transceiver (USART)

The USART1 interface communicates at rates up to 4.5 Mb/s, while the other interfaces
communicate at rates up to 2.25 Mb/s. The USART interfaces feature hardware CTS and RTS signal
management, support for IrDA SIR ENDEC transport codecs, are ISO7816-compliant smart cards, and
provide LIN master/slave functionality. All USART interfaces can be operated using DMA.

2.1.18 Serial Peripheral Interface (SPI)

Up to 2 SPI interfaces, configurable in slave or master mode, with full- and half-duplex
communication rates up to 18 Mb/s. 3-bit prescaler generates 8 master mode frequencies,
configurable in 8- or 16-bit data frame format. Hardware CRC generation/checksum support for
basic SD card and MMC modes.

DMA operation is available for all SPI interfaces.

2.1.19Controller Area Network (CAN)

The CAN interface is compatible with specifications 2.0A and 2.0B (active) at bit rates up to 1
Mb/s. It can receive and send standard frames with 11-bit identifiers as well as extended frames
with 29-bit identifiers. It has 3 transmit mailboxes and 2 receive FIFOs, 3 stages and 14 adjustable
filters.

2.1.20Universal Serial Bus (USB)

TheGX32F103xx standard family of products, embeddedwith a full-speedUSB-compatible device

controller, follows full-speed.

USBdevice (12Mb/s) standardwith software-configurable endpoints and standby/wakeup
functionality. 48MHzUSB-specific clock is controlled by an internalmaster clock.

PLL direct generation (clock source must be an HSE crystal oscillator).

2.1.21General Purpose Input Output Interface (GPIO)
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Each GPIO pin can be configured by software as an output (push-pull or
D
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ain), an

input (pull-up or pull-down or float), or a multiplexed peripheral function port. Most GPIO pins
are shared with digital or analog multiplexed peripherals. In addition to having analog input
capabilities, all GPIO pins allow high current to pass through them.

Where required, the peripheral functions of the I/O pins can be locked by a specific operation
to avoid accidental write operations to the I/O registers. The I/O pins on the APB2 can be flipped
at speeds up to 18MHz.
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2.1.22ADC (analog/digital converter)

TheGX32F103xxstandardmodelincorporatestwo12-bitanalog/digitalconverters(ADCs),
each sharing up to 16 external channels, which can perform either single conversion or scan
mode conversion. In scan mode, conversion can be performed automatically on a selected set of
analog input pins.

Other logic functions on the ADC interface include:
• Synchronized sample andhold;
• Sampling and Holding of Crosses;
• SingleSampling.

The ADC can be operated using DMA.
The analogwatchdog is able tomonitorone,multipleor all selected channelswith great

precision, and generates an interruptwhen themonitored signal exceeds a preset threshold.
Events generated by the standard timer (TIMx) and the advanced control timer (TIM1) can be

internally cascaded to the ADC's Start Trigger and Injection Trigger, respectively, and the
application program can synchronize the AD conversion with the clock.

2.1.23 temperature sensor

The temperature sensor generates a voltage that varies linearly with temperature over a
conversion range of 2V<VDDA<3.6V. The temperature sensor is internally connected to the
input channel of ADC1_IN16, which is used to convert the sensor output to a digital value.

2.1.24 Serial Single Wire JTAGDebug Port (SWJ-DP)

Embedded ARM's SWJ-DP interface, which is a combination of JTAG and serial single-wire
debugging interface that enables the connection of either the serial single-wire debugging
interface or the JTAG interface. the TMS and TCK signals of the JTAG share the same pins as the
SWDIO and SWCLK, respectively, and a special sequence of signals on the TMS pin is used to
toggle between the JTAG-DP and the SW-DP.
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Fig. 1Block diagramof systemmodules
1.Operating temperature: -40°C to +105°C, junction temperature up to 125°C;
2. AF: I/O portthatcanbeusedas a peripheral functionpin.
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1.When theHSI is used as an input to the PLLclock, themaximum system clock frequency canonly be 64MHz;

Figure 2 Clock tree

2.When using the USB function, both HSE andPLLmust be used and theCPU frequency must be 48MHz or 72MHz;
3. WhenanADC sampling time of 1μs is required,APB2must be set at 14MHz, 28MHz, or 56MHz.
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3.Pin Definitions

Figure 3 GX32F103xx Standard LQFP100 Pinout

Figure 4 GX32F103xx Standard LQFP64 Pinout
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Figure 5 GX32F103xx Standard LQFP48 Pinout
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1

IO

2
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Table 3. GX32F103xx Pin Definitions

Pin

Number

Pin Name t
p
y

o
o
g

l

y
(
)

p
o

e
w
r

v
le
e

(
l

l
c
e
.)
(
)

Main

Functions(

3)

(after

reset)

Optional multiplexing

function

L
Q
FP48

L
Q
FP64

L
Q
FP100

- - 1 PE2 I/O FT PE2 TRACECK -

- - 2 PE3 I/O FT PE3 TRACED0 -

- - 3 PE4 I/O FT PE4 TRACED1 -

- - 4 PE5 I/O FT PE5 TRACED2 -

- - 5 PE6 I/O FT PE6 TRACED3 -

1 1 6 VBAT S - VBAT - -

2 2 7
PC13-TAMPER-

RTC(4)
I/O - PC13 TAMPER-RTC -

3 3 8 PC14-OSC32_IN(4) I/O - PC14 OSC32_IN -

4 4 9 PC15-OSC32_OUT(4) I/O - PC15 OSC32_OUT -
- - 10 VSS_5 S - VSS_5 - -

- - 11 VDD_5 S - VDD_5 - -

5 5 12 OSC_IN I - OSC_IN - PD0(7)

6 6 13 OSC_OUT o - OSC_OUT - PD1(7)

7 7 14 NRST I/O - NRST - -

- 8 15 PC0 I/O - PC0 ADC12_IN10 -

- 9 16 PC1 I/O - PC1 ADC12_IN11 -

- 10 17 PC2 I/O - PC2 ADC12_IN12 -

- 11 18 PC3 I/O - PC3 ADC12_IN13 -

8 12 19 VSSA S - VSSA - -

- - 20 VREF- S - VREF- - -

- - 21 VREF+ S - VREF+ - -

9 13 22 VDDA S - VDDA - -

10 14 23 PA0-WKUP I/O - PA0
WKUP/USART2_

CTS(6)

/ADC12_IN0/
TIM2_CH1_ETR(6)

-

11 15 24 PA1 I/O - PA1
USART2_RTS(6) /
ADC12_IN1/ -

DS-TM32F103xx_S 19 TIM2_CH2(6) Rev 1.0 2022/06/18

12 16 25 PA2 I/O - PA2
USART2_TX(6) /AD
C12_IN2/TIM2_CH

3(6)
-
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1

IO

2

Pin

Number

Pin Name t
p
y

o
o
g

l

y
(
)

p
o

e
w
r

v
le
e

(
l

l
c
e
.)
(
)

Main

Functions(

3)

(after

reset)

Optional multiplexing

function

13 17 26 PA3 I/O - PA3
USART2_RX(6) /AD
C12_IN3/TIM2_CH

-

- - - - - - - 4(6) -

- 18 27 VSS_4 S VSS_4 - -

- 19 28 VDD_4 S VDD_4 - -

14 20 29 PA4 I/O PA4
SPI1_NSS(6) /

USART2_CK(6) /
ADC12_IN4

-

15 21 30 PA5 I/O PA5
SPI1_SCK(6) /
ADC12_IN5

-

16 22 31 PA6 I/O PA6
SPI1_MISO(6)

/
ADC12_IN6/
TIM3_CH1(6)

TIM1_BKIN

17 23 32 PA7 I/O PA7
SPI1_MOSI(6)

/
ADC12_IN7/
TIM3_CH2(6)

TIMI_CHIN

- 24 33 PC4 I/O PC4 ADC12_IN14

- 25 34 PC5 I/O PC5 ADC12_IN15

18 26 35 PB0 I/O PB0
ADC12_IN8/
TIM3_CH3(6)

TIM1_CH2N

19 27 36 PB1 I/O PB1
ADC12_IN9/
TIM3_CH4(6)

TIM1_CH3N

20 28 37 PB2 I/O FT
PB2/

BOOT1
- -

- - 38 PE7 I/O FT PE7 - TIM1_ETR

- - 39 PE8 I/O FT PE8 - TIM1_CH1N

- - 40 PE9 I/O FT PE9 - TIM1_CH1

- - 41 PE10 I/O FT PE10 - TIM1_CH2N

- - 42 PE11 I/O FT PE11 - TIM1_CH2

- - 43 PE12 I/O FT PE12 - TIM1_CH3N

- - 44 PE13 I/O FT PE13 - TIM1_CH3

- - 45 PE14 I/O FT PE14 - TIM1_CH4
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- - 46 PE15 I/O FT PE15 - TIM1_BKIN

21 29 47
PB10 I/O FT PB10

I2C2_SCL/
USART3_TX(6) TIM2_CH3

22 30 48 PB11 I/O FT PB11
I2C2_SDA/

USART3_RX(6) TIM2_CH4
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1

IO

2

Pin

Number

Pin Name t
p
y

o
o
g

l

y
(
)

p
o

e
w
r

v
le
e

(
l

l
c
e
.)
(
)

Main

Functions(

3)

(after

reset)

Optional multiplexing

function

23 31 49 VSS_1 S VSS_1 - -

24 32 50 VDD_1 S VDD_1 - -

25 33 51 PB12 I/O FT PB12

SPI2_NSS/
I2C2_SMBAI/
USART3_CK(6)

/ TIM1_BKIN(6)

-

26 34 52 PB13 I/O FT PB13
SPI2_SCK/

USART3_CTS(6)

/ TIM1_CH1N(6)

-

27 35 53 PB14 I/O FT PB14
SPI2_MISO/

USART3_CTS(6)

/ TIM1_CH2N(6)

-

28 36 54 PB15 I/O FT PB15
SPI2_MOSI/
TIM1_CH3N(6) -

- - 55 PD8 I/O FT PD8 - USART3_TX

- - 56 PD9 I/O FT PD9 - USART3_RX

- - 57 PD10 I/O FT PD10 - USART3_CK

- - 58 PD11 I/O FT PD11 - USART3_CTS

- - 59 PD12 I/O FT PD12 -
TIM4_CH1/
USART3_RTS

- - 60 PD13 I/O FT PD13 - TIM4_CH2

- - 61 PD14 I/O FT PD14 - TIM4_CH3

- - 62 PD15 I/O FT PD15 - TIM4_CH4

- 37 63 PC6 I/O FT PC6 - TIM3_CH1

- 38 64 PC7 I/O FT PC7 - TIM3_CH2

- 39 65 PC8 I/O FT PC8 - TIM3_CH3

- 40 66 PC9 I/O FT PC9 - TIM3_CH4

29 41 67 PA8 I/O FT PA8
usart1_ck/

tim1_ch1(6) /mco
-

30 42 68 PA9 I/O FT PA9
USART1_TX(6) /
TIM1_CH2(6)

-

31 43 69 PA10 I/O FT PA10
USART1_RX(6) /
TIM1_CH3(6)

-
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32 44 70 PA11 I/O FT PA11
USART1_CTS/

USBDM/CANRX(6)

/TIM1_CH4(6)
-
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1

IO

2

Pin

Number

Pin Name t
p
y

o
o
g

l

y
(
)

p
o

e
w
r

v
le
e

(
l

l
c
e
.)
(
)

Main

Functions(

3)

(after

reset)

Optional multiplexing

function

33 45 71 PA12 I/O FT PA12
usart1_rts/

usbdp/cantx(6) /
tim1_etr(6)

-

34 46 72 PA13 I/O FT
JTMS/SWD

IO
PA13

- - 73 unconnected
35 47 74 VSS_2 S VSS_2 - -

36 48 75 VDD_2 S VDD_2 - -

37 49 76 PA14 I/O FT
JTCK/
SWCLK

- PA14

38 50 77 PA15 I/O FT JTDI -
TIM2_CH1_ETR
PA15/SPI1_NSS

- 51 78 PC10 I/O FT PC10 - USART3_TX

- 52 79 PC11 I/O FT PC11 - USART3_RX

- 53 80 PC12 I/O FT PC12 - USART3_CK

- - 81 PD0 I/O FT OSC_IN(8) - CANRX

- - 82 PD1 I/O FT
OSC_OUT

(8)
- CANTX

- 54 83 PD2 I/O FT PD2 TIM3_ETR -

- - 84 PD3 I/O FT PD3 - USART2_CTS

- - 85 PD4 I/O FT PD4 - USART2_RTS

- - 86 PD5 I/O FT PD5 - USART2_TX

- - 87 PD6 I/O FT PD6 - USART2_RX

- - 88 PD7 I/O FT PD7 - USART2_CK

39 55 89 PB3 I/O FT JTDO -
PB3/TRACESWO/

TIM2_CH2/
SPI1_SCK

40 56 90 PB4 I/O FT JNTRST -
pb4/tim3_ch1/
spi1_miso

41 57 91 PB5 I/O PB5 I2C1_SMBAI
TIM3_CH2/
SPI1_MOSI

42 58 92 PB6 I/O FT PB6
I2C1_SCL(6) /
TIM4_CH1(6)

USART1_TX
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43 59 93 PB7 I/O FT PB7
I2C1_SDA(6) /
TIM4_CH2(6)

USART1_RX

44 60 94 BOOT0 I BOOT0
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1

IO

2

1. I = Input, O = Output, S = Power;
2. FT: 5V voltagetolerance;
3. The PC13, PC14 and PC15 pins are powered by a power switch that can only absorb a limited amount of current (3mA).
Therefore, these three pins have the following limitations when used as output pins: only one pin can be used as an
output at any one time, can only be operated in 2MHz mode when used as an output pin, can only be used to drive loads
up to 30pF, and cannot be used as a current source (e.g., to drive LEDs);
4. These pins are in the main functional state when the backup area is first powered up, and after that, even if reset, the
state of these pins is controlled by the backup area registers (these registers are not reset by the main reset system). For
specific information on how to control these IO ports, refer to the relevant sections of the GX32F103xx Reference Manual
for the battery backup area and BKPregisters;
5.Such multiplexing functions can be configured by software to other pins (if available for the corresponding package model),
please refer toMultiplexing Functions I/O in the GX32F103xxReference Manual for more details.

chapter and the Debug Settings chapter;
6.Pin 5 andPin 6 of the LQFP48 andLQFP64 packages are configured as OSC_IN and OSC_OUT function pins by default after a
chip reset. Software can reset these pins to function as PD0 and PD1. However, for LQFP100 package, since PD0 and PD1 are
inherent functional pins, there is no need to reimage them by software. For more details, please refer to the Multiplexed
Functional I/O section and the Debug Setup section of the GX32F103xx Reference Manual. In output mode, PD0 and PD1 can
only be configured for 50MHz outputmode;
7. ADC12_INx (x denotes an integer between 0 and 15) appearing in the pin name labeling in the table indicates that this

pin can be ADC1_INx o r ADC2_INx. for example:
ADC12_IN9 indicates that this pin can be configured as ADC1_IN9 or ADC2_IN9;
8. Pin PA0 in the table corresponds to TIM2_CH1_ETR in the multiplexing function, indicating that the function can be configured
as TIM2_TI1 or TIM2_ETR. Similarly, PA15 corresponds to the name of the remapped multiplexing function, TIM2_CH1_ETR,
with the samemeaning.

Pin

Number

Pin Name t
p
y

o
o
g

l

y
(
)

p
o

e
w
r

v
l
e

(
l

l
c
e
.)
(
)

Main

Functions(

3)

(after

reset)

Optional multiplexing

function

45 61 95 PB8 I/O FT PB8 TIM4_CH3(6)
I2C1_SCL/
CANRX

46 62 96 P89 I/O FT P89 TIM4_CH4(6)
I2C1_SDA/
CANTX

- - 97 PE0 I/O FT PE0 TIM4_ETR -

- - 98 PE1 I/O FT PE1 - -

47 63 99 VSS_3 S - VSS_3 - -

48 64 100 VDD_3 S - VDD_3 - -
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4.memory image

Figure 7Memory MAP Diagram
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5.Electrical Characteristics

5.1test condition

All voltage's are referenced to VSS unless otherwise noted.

5.1.1Minimum and maximumvalues

Unless otherwise stated, all minimum and maximum values are guaranteed at the worst case
ambient temperature, supply voltage and clock frequency conditions by testing 100% of the
product on the production line at an ambient temperature of TA = 25°C and TA = TAmax (TAmax
matches the selected temperature range).

In the notes at the bottom of each table, it is stated that the data obtained through
comprehensive evaluation, design simulation and/or process characterizationwill not be tested on
the production line; on the basis of the comprehensive evaluation, the minimum and maximum
values are obtained by taking the average of the samples tested plus or minus three times the
standard distribution (mean ± 3∑).

5.1.2Typical values

Typical data is based onTA=25°C and VDD =3.3V (2V ≤ VDD ≤ 3.3V voltage range) unless
otherwise noted. These data are for design guidance only and have not been tested.

Typical ADC accuracy values are obtained by sampling a standardized batch, tested over all
temperature ranges, with 95% of the products having an error less than or equal to the value
given (average ±2 ∑).

5.1.3 typical curve

Typical curves are for design guidance only and are untested unless otherwise noted.

5.1.4 load capacitance

The load conditions for measuring the pin parameters are shown in Figure 8.

Figure 8LoadConditions for Pins
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5.1.5Pin InputVoltage

The measurement of the input voltage on the pins is shown in Figure 9.

5.1.6Power

supply

progra

m

Figure 9 Pin Input Voltage

Figure 10 Power supplyscheme
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Note: The 4.7uf capacitor in the above diagram must be connected to VDD3 .
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5.1.7Current

consumptio

n

measureme

nt

Figure 11 Current consumption measurement scheme

5.2Absolute maximum rating

Loads applied to the device in excess of the values given in the Absolute Maximum Ratings
(Tables 4, 5, 6) may cause permanent damage to the device. The fact that only the maximum

loads that can be withstood are given does not imply that the device operates functionally without
error under these conditions. Prolonged operation of the device at the maximum value will affect
the reliability of the device.

Table 4 Voltage Characteristics

descriptive minimum value maximum values unit (of
measur
e)

VDD - VSS External mains supply voltage (including VDDA

and VDD) (1)
-0.3 4.0

V

VIN Input voltage on pins tolerated at 5V(2) VSS -0.3 VDD+1.5

Allpower
(2) -0.3 4.0

pinsmust alw be connectedto the rnal permissi angepowersupplysystem;

2. never exceed its limit (see Table 5), i.e. ensure that does not exceed its maximum value. If it is not possibmleVto
guarantee that VINdoes not exceed its maximum value, it must also be guaranteed that the external limit is not exceeded.

c rent

VESD (HBM) ESD Electrostatic diTscahbalerg5eCvuorltraegnet(Chhuamraacnteristics See Section 5.3.11.

notation descriptive maximum
values

unit (of
measur
e)

IVDD Total current (supply current) through the VDD/VDDApower supply line
(1)

150

IVSS Total current (outgoing current) through the VSSground (1) 150

IIO Output sink current on any I/O and control pins 25 mA

All power , Output current on arbitrary I/O and control pins -25
external permissib ange power supplysystem;

1.
)PIN

( VDD VDDA) nd groun5dV(VTSSo, VleSSrAa)npicnesPminusItnajlewcatyisonbeCcuonrrneenctted to the
VIN

-5le/+r0f it is not possible

its m
t V
aINximum value. When VIN

, there is a forwardinjection (4)
rent; whe

II
n
NJ(PIN) , there is a reverse injection

∑IINJ(PIN) Total i
V
n
I
j
N
e
>
ct
V
e
DD
d current on all I/O and con

cu
tr
r
ol pins(4)

VIN<VSS
±25

notation
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current;

the characterization of the maximum valueof ∑ 4 I/Oports of the device.

3.Reverse injectionof current can interferewith the analogperformanceof the device.SeeSection 5.3.17;
4.W

in
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s
e
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(without ADC)
Analog section operating voltage (using

ringpower-upandnormaloperation;

dissipation

VDDA -40 105
2T.AIt is

d
re
u
commended

(
t
t
h
e
a
m
t t
p
he
er
s
a
am
tu
e
re
po
s
w
ca
er
le
su
6
p
)
ply be used to powerdboistshipVDaDtainodnVDDA, allowing up to 300mV difference between VDDand

Table 6 Temperature Characteristics

5.3 working conditions

5.3.1General working conditions

Table 7 General operating conditions
parameters prerequisite minimum

value

Datasheet

maximum
values

unit
(of
meas
ure)

fHCLK Internal AHB clock frequency - 0 72
fPCLK1 Internal APB1 clock frequency - 0 36
fPCLK2 Internal APB2 clock frequency - 0 72
VDD Standard Operating Voltage - 2 3.6

VDD (1)A
Analog section operating voltage Must be the sameas

MHz

ADC)
VBAT Backup section operating voltage - 1.8 3.6

Standard I/O -0.3 VDD+0.3

VIN I/O Input Voltage

Temp
power dissipation

85°C

2V<VDD<3.6V -0.3 5.5
FT I/O

VDD=2V -0.3 5.2

PD erature scale 6: T =

Temperature scale 7: T = 105°C

1. When using anADC,AsemeTbaiebnlet t4e4m; perature
Maximum power -40 85

3. If the TA is lower, higher PDvalues are allowed as long as the TJdoe
L
s
o
no
w
t e
p
x
o
c
w
ee
e
d
r
T(J4ma)x (see section 1); °C

4. In states with lower power dissipation, TAcan be extended to this
M
range as long as TJdoes not ex-

c
4
e
0
ed TJmax(seeS10e5ction 1).

Ambient temperature

(temperature scale 7)

TJ Junction temperature range

aximum power
dissipation

6
Temperature scale
7

notation

notation descriptive numerical value unit (of
measure)

TSTG Storage temperature range -65~+150 °C
TJ Maximum Junction Temperature 150 °C

(2)
VDD

2 3.6

2.4 3.6 V

BOOT0 0 5.5
LQFP100 - 479
LQFP64 - 460 mW
LQFP48 - 450

VFQFPN36 - 420

Low power -40 125

dissipation (4)

Temperature scale -40 105

-40 125
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5.3.2Operating conditions at power-up andpower-down

The parameters given in the following table were tested under general operating conditions.
Table 8 Operating conditions at power-up and power-down

5.3.3Embedded reset and power control modulefeatures

The parameters given in the following table are based on tests at ambient temperature and VDD

supply voltage as listed in Table 6.

pa
T
ram
bl
ete
9
r
E
s
mbedded Rese

p
t
r
a
e
n
re
d
q
P
u
o
is
w
it
e
e
r Control Mo

m
d
i
u
n
l
i
e
m
C
u
h
m
aract

t
e
y
r
p
i
i
s
c
t
a
ic
l
s

um va1l.u8e4 of VPOR/PD1R..92

notation parameters conditional minimum value maximum values unit (of

measure)

tVDD
VDDRise Rate

-
0 ∞

μs/V
VDD Rate of Descent 20 ∞

notation
value value

maximum
values

unit (of
measur
e)

VPVD
Programmable
level selection
for voltage
detectors

PLS[2:0]=000 (rising edge) 2.1 2.18 2.26 V

PLS[2:0]=000 (falling edge) 2 2.08 2.16 V

PLS[2:0]=001 (rising edge) 2.19 2.28 2.37 V

PLS[2:0]=001 (falling edge) 2.09 2.18 2.27 V

PLS[2:0]=010 (rising edge) 2.28 2.38 2.48 V

PLS[2:0]=010 (falling edge) 2.18 2.28 2.38 V

PLS[2:0]=011 (rising edge) 2.38 2.48 2.58 V

PLS[2:0]=011 (falling edge) 2.28 2.38 2.48 V

PLS[2:0]=100 (rising edge) 2.47 2.58 2.69 V

PLS[2:0]=100 (falling edge) 2.37 2.48 2.59 V

PLS[2:0]= 101 (rising edge) 2.57 2.68 2.79 V

PLS[2:0]= 101 (falling edge) 2.47 2.58 2.69 V

PLS[2:0]= 110 (rising edge) 2.66 2.78 2.90 V

PLS[2:0]=110 (falling edge) 2.56 2.68 2.80 V

PLS[2:0]=111 (rising edge) 2.76 2.88 3.00 V

PLS[2:0]=111 (falling edge) 2.66 2.78 2.90 V

VPVDhyst (2) PVD hysteresis - - 100 - mV

1.The charactVPOR/PDR

2.Guaranteedb

eProiswtiecrs-oufpt/hpeopwroedr-u
dyodwensigrne,sneott tested

threshold

trailing edge (of a line) 1.8(1) 1.88 1.96 V
ct
r
a
is
r
i
e
n
g
g
u
e
a
d
ra
g
n
e
te
(o
ed
f a
by
m
d
o
e
u
si
n
g
t
n
ai
t
n
o a
ra
m
n
i
g
n
e
im
)

in production.
2.0 V

VPVDhyst (2) PDR hysteresis - - 40 - mV

TRSTTEMPO (2) Reset Duration - 1 2.5 4.5 ms
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5.3.4Built-in reference voltage

The parameters given in the following table are based on tests at ambient temperature and VDD

supply voltage as listed in Table 6.

parameters

Table 10 Built-in reference voltage

1.The characteristics of the product are guaranteed by design to a minimum value of VPOR/PDR;

2.Guaranteedbydesign,not tested in production.

5.3.5Supply Current Characteristics

Current consumption is a combination of a number of parameters and factors including
operating voltage, ambient temperature, load on I/O pins, software configuration of the product,
operating frequency, flip-flop rate of I/O pins, location of the program in memory, and code
executed.

See Figure 11 for a description of how current consumption is measured.
All of the current consumption measurements given in this section for the operating modes

were taken while executing a streamlined set of code capable of obtaining Dhrystone 2.1 code
equivalent results.

Maximum current consumption

The microcontroller is in the following conditions:
• All I/O pins are in input mode and connected to a static level - VDDor VSS (no load);

• All peripherals are off unless otherwise noted;
• The flash memory access time is adjusted to the frequency of fHCLK (0 wait cycle for

0~24MHz, 1 wait cycle for 24~48MHz, and 2 wait cycles for more than 48MHz);
• Commandprefetch is turned on (hint: this parametermust be set before setting the clock

and busdivider);
• When the peripheral is turned on: fPCLK1= fHCLK/2, fPCLK2= fHCLK

The parameters given in Tables 11, 12, and 13 are based on tests at the ambient temperatures and

VDDsupplyvoltages listedinTable6.

notation prerequisite minimum
value

typical
value

maximum
values

unit (of
measure

)

VREFINT Built-in reference

voltage

-40°C < TA< +105°C 1.16 1.20 1.26 V
-40°C < TA< +85°C 1.16 1.20 1.24 V

TS_vrefint
(1)

(2)

Wh
v
e
o
n
lt
t
a
h
ge
i
i
n
s
t
r
e
e
r
a
n
d
a
,
l reference

the ADC
sampling time

- - 5.1 17.1(2) μs

VRERINT

(2)

Internal reference voltage
over temperature range

VDD= 3V±10mV 10 mV

TCoeff temperature coefficient 100 ppm/°C
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Internal FlashMemo y

InternalRAM

Datasheet

Table 11MaximumCurrentConsumption inRunModewithDataProcessingCodeRunning from

2. The external clock is 8MHz and PLL is enabled when fHCLK > 8MHz.

Table 12Maximum Current Consumption in Run Mode with Data Processing Code Running from

nota

tion

parameters prerequisite fHCLK Maximum value (1) unit

(of

meas

ure)

TA= 85°C TA= 105°C

IDD

1
2

Supply current in

operation mode

.derived from acomprehensive

.The external clock is 8MHz and

External clock (2), enableall

peripherals

72MHz 16.9 17.2

mA

48MHz 12.6 12.8

36MHz 9.0 9.4

24MHz 6.0 6.3

16MHz 4.2 4.5

8MHz 2.6 2.8

External clock (2), disables

evaallul apteiornip,hinerparlosduction with VD
PLL is enabled when fHCLK > 8MHz.

72MHz 7.5 7.8

48MHz 5.9 6.3

36MHz 4.8 5.2

Dm 24;MHz
ax 3.5 3.7

16MHz 2.8 2.9

8MHz 1.7 1.8

notatio

n

parameters prerequisite fHCLK r Maximum value (1) unit (of

measur

e)

TA= 85°C TA= 105°C

IDD

1.Deriv

Supply current
in
operation
mode

ed froma comprehen

External clock (2),
enable all
peripherals

72MHz 21.5 22.7

mA

48MHz 14.3 15.1

36MHz 11.1 12.1

24MHz 8.6 8.9

16MHz 5.5 6.1

8MHz 3.0 3.5

External clock (2),
disables all
peripherals

sive assessmentandnot t

72MHz 13.4 13.9

48MHz 11.2 11.7

36MHz 8.6 8.9

24MHz 5.1 5.5

16MHz 3.4 3.6

ested in8MprHozduction; 2.0 2.4
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Table 13MaximumCurrentConsumption inSleepModewithCodeRunning inFlash orRAM

1.Derivedfroma comprehensiveevaluation, testedin productionwithVDDmaxandwith fHCLKmax enablingtheperipheralas a
condition;

2.The external clock is 8MHzand PLL is enabledwhen fHCLK> 8MHz.

Table 14 Typical and Maximum Current Consumption in Stop and Standby Modes

notati
typical value maximum

parameters prerequisite values unit

on

The regulator is in runmode,

VDD/VBAT

= 2.0V

VDD/VBAT

= 2.4V

VDD/VBAT

= 3.3V

TA=

85°C

TA=

105°C

(of

meas

ure)

IDD

Supply
current in
shutdown
mode

within low and high speeds
The RC oscillator and high-

speed oscillator are off
(no independent
watchdog).

Regulator in low power mode,
low and high speeds
Internal RC oscillator and high-

speed oscillator off (no
independent watchdog)

Low-speed internal RC oscillator

- 22.7 23.4 300 370

- 9.1 10.3 260 340 μA

- 2.4 3.4 - -

and independent watchdog
1.Typical values are tested at TA=25o°Cn; state
2.Derived from a compLroe sspiveeeadssiest nd noostctielslatetdorin production.

current in
standby

hwe-n n semrnenatlaRC
on

- 2.3 3.3 - -

mode

DS-GX32F103xx_S

Supply

state, independent watchdog is in

off state
Low-speed internal RC oscillator
and independent watchdog are off, 34
low-speedoscillatorandRTCareoff

- 1.5 2.0 4 Rev 1.05 2022/06/18

IDD_VBAT
current Low-speed oscillator and RTC on 0.9 1.1 1.4 1.9(2) 2.2

notatio

n

parameters prerequisite fHCLK Maximum value (1) unit

(of

measu

re)

TA= 85°C TA= 105°C

IDD
Supply current

in sleep
mode

External clock (2),
enable all
peripherals

72MHz 17.1 17.3

mA

48MHz 11.2 11.4

36MHz 8.8 8.9

24MHz 6.9 7.1

16MHz 4.2 4.3

8MHz 2.6 2.7

External clock (2),
disables all
peripherals

72MHz 6.8 6.9

48MHz 3.5 3.7

36MHz 3.3 3.4

24MHz 2.7 2.8

16MHz 1.9 2.0

8MHz 1.2 1.3
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Flash

ADC is turned on (setting th5e0A0DkHC_zCR2 register's0A.4DON

The external clockis

Typical Current Consumption

The MCU is under the following conditions:
• All I/O pins are in input mode and connected to a static level - VDD or VSS (no load);

• All peripherals are off unless otherwise noted;
• The flash memory access time is adjusted to the frequency of fHCLK (0 wait cycle for

0~24MHz, 1 wait cycle for 24~48MHz, and 2 wait cycles for more than 48MHz);
• Ambient temperature and VDD supply voltage conditions are listed in Table 6;
• Commandprefetch is turned on (hint: this parametermust be set before setting the clock and

bus divider);

• When the peripheral is turned on: fPCLK1= fHCLK/4, fPCLK2= fHCLK/2, fADCCLK= fPCLK2/4.

Table 15 Typical Current Consumption in Run Mode, with Data Processing Code Running from Internal

notati parameters prerequisite fHCLK Typical value(1) unit

Enable all

peripherals(2)
Turn offall

peripherals
(of

meas

ure)

IDD Supply current
in
operating
mode

external clock(3)

Runs on a high-speed internal
RC oscillator (HSI) using
AHB pre-divider for
frequency reduction

72MHz 20.9 11.9

48MHz 14.2 8.3

36MHz 11.2 5.8

24MHz 7.8 4.6

16MHz 4.5 2.6

8MHz 3.2 2.1
mA

4MHz 1.8 1.9

2MHz 1.2 1.1

1MHz 0.7 0.6

500kHz 0.4 0.3

125kHz 0.2 0.15

64MHz 18.1 27

48MHz 13.7 20.1

36MHz 10.2 15.6

24MHz 17.9 10.8

16MHz 12.2 7.3

8MHz 6.6 4.4
mA

4MHz 2.8 1.8

1.Typicalvaluesweretestedat TA=25°C,VDD=3.3V; 2MHz 1.4 1.0
2.A

c
n
u
a
r
d
re
d
n
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io
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y
.8
c
m
o
A
ns
o
u
f
m
cu
e
r
d
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w
n
h
t
e
c
n
on
th
su
e
mption is added to the ADC fo1rMeHaczh analog secti0o.n7. In the applicatio0n.6environment, this

0.31

bit) is only increasedwhen the
3.

125kHz 0.2 0.12
8MHz and PLL is enabled when fHCLK > 8MHz.
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Table 16 Typical Current Consumption in Run Mode with Data Processing Code Running from Internal

notati parameters prerequisite fHCLK Maximum value (1) unit

on
TA=85°C TA=105°C

(of

meas

ure)

IDD

1.An additional 0.8mA of current concsulomcpkt
(
i
2
o
)
n, iaslladded to 2th4eMAHDzC for each analog3s.e6ction. In the applicati4o.n0 environment, this

2.Th

ADC
off

enabled w h

(

fHCLK

ADC_CR2 ADON

Table 17 Typical Current Consumption in Sleep Mode with Data Processing Code Running from Internal

notati

on

parameters prerequisite fHCLK Typical value(1) unit

(of

mea

sure

)

Enable all

peripherals(2)
Turn off all

peripherals

IDD Supply current in sleep

mode

external clock(3)

72MHz 15.1 5.4

mA

48MHz 10.6 4.0
36MHz 8.1 3.5
24MHz 5.8 2.5
16MHz 4.2 2.0
8MHz 2.4 1.4
4MHz 0.9 0.5
2MHz 0.5 0.3
1MHz 0.2 0.12
500kHz 0.1 0.04
125kHz 0.03 0.01

Operates on a high-speed
internal RC oscillator
(HSI), using AHB
prescaling for frequency
reduction

64MHz 13.0 4.2

mA

48MHz 10.0 3.3
36MHz 7.5 2.6
24MHz 5.1 1.8
16MHz 3.5 1.0
8MHz 1.9 0.6
4MHz 0.9 0.4

2MHz 0.5 0.17

DS-TM32F103xx_S 36 1MHz 0.2 0.09Rev 1.0 2022/ 06/18
500kHz 0.15 0.05

125kHz 0.03 0.01

72MHz 16.9 27.2

48MHz 15.5 23.9

external 36MHz 11.7 19.1

clock(2) 24MHz 7.9 12.3

16MHz 5.1 7.9

Supply current in 8MHz 2.6 4 mA

operation mode 72MHz 7.5 8.1

48MHz 5.3 5.8
External 36MHz 4.2 4.9

thpeeripheisrtaulrsned on s1e6tMtinHgzthe
regi2st.1er's 2.7

e external clock is 8MHz and PLL is en 8M>H8Mz Hz. 1.7 2.2
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ADCisturnedon(settingtheADC_CR2registerofthe

1.Typical values were tested a t TA=25°C,VDD=3.3V;
2.A

c
n
u
a
r
d
re
d
n
it
t
io
is
n
o
a
n
l
l
0
y
.8
c
m
o
A
ns
o
u
f
m
cu
e
r
d
re
w
n
h
t
e
c
n
on
th
su
e
mption is added to the ADC for each analog section. In an application environment, this

ADON bit) is incremented;
3.The external clock is 8MHzand PLL is enabledwhen fHCLK> 8MHz.

Built-in peripheral current consumption
The current consumption of the built-in peripherals is listed in Table 18, and the operating
conditions of the MCU are as follows:

• All I/O pins are in input mode and connected to a static level - VDDor VSS (no load);

• All peripherals are off unless otherwise noted;
• The values given are calculated by measuring current consumption

– Turn off the clock for all peripherals
– Turn on the clock for only one peripheral

• Ambient temperature and VDD supply voltage conditions are listed in Table 6.

Table 18 Current consumption of built-in peripherals(1)

built-in peripherals Typical power consumption at 25°C unit
(of
measu
re)

APB1

TIM2 1.2

mA

TIM3 1.2
TIM4 0.9
SPI2 0.2

USART2 0.35
USART3 0.35

I2C1 0.39

I2C2 0.39

USB 0.65
CAN 0.72

APB2

1. fHCLK= 72MHz, fAPB1
2.Special conditions

GPIOA 0.47

mA

egister.

GPIOB 0.47
GPIOC 0.47
GPIOD 0.47
GPIOE 0.47

ADC1(2) 1.81

ADC2 1.78
= fHCLK/2, fAPB2T=IMfHC1LK, and the prescaler coefficients for each pe1r.i6pheralare default values;
for ADC: fHCLKS=P5I61MHz, fAPB1= fHCLK/2, fAPB2= fHCLK, fADCCLK= fAPB02.4/43, and ADON=1 in ADC_CR2 r

USART1 0.85
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5.3.6External Clock SourceCharacteristics

High-speed external user clock generated from an external oscillator source

Thecharacterizationparametersgiven in the followingtableweremeasuredusingahigh-speed

external clock sourcewith ambient temperature and supply voltage in accordancewith the

conditions in Table 6.

Table 19 High-Speed External User Clock Characteristics

notation parameters prerequisite minimum
value

typical
value

maximu
m values

unit (of
measure)

fHSE_ext User external clock frequency(1)

-

1 8 25 MHz

VHSEH OSC_IN Input pin high voltage 0.7VDD - VDD

V
VHSEL OSC_IN Input pin low level voltage VSS - 0.3VDD
tw (HSE)

tw (HSE) OSC_IN Time of high or low (1) 5 - -

ns
tr(HSE)

tf (HSE) OSC_IN Time of rise or fall(1) - - 20

Cin (HSE) OSC_IN Input Tolerance(1) - - 5 - pF

1.DGuuCaryan(HtSeEe)d by design, not tedstuetdyincypcrloeduction. - 45 - 55 %
IL OSC_IN Input leakage current VSS≤VIN≤VD

D
- - ±1 μA

Fig. 12 AC Timing Diagram of External High-Speed Clock Source
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Low-speed external user clock generated from an external oscillator source
Thecharacterizationparametersgiven in the followingtableweremeasuredusinga low-speed

external clock source with ambient temperature and supply voltage in accordance with the

conditions in Table6.

Table 20 Low-speed external user clock characteristics
notation parameters prerequisite minimu

m value
typical value maximum

values
unit (of
measure)

fLSE_ext User external clock

frequency(1)

-

tion.

0 32.768 4000 KHz

VLSEH

OSC32_
le
IN
v
Input pin high

p
el power

ush down

0.7VDD VDD

V

VLSEL

OSC32
l
_
e
I
v
N Input pin low

p
el power

ush down

VSS 0.3VDD

tw (LSE)

tw (LSE) OSC32_IN High or low

time(1)
450

ns

1.trG(LuSEa)ranteed
tf(LSE)

bOySdCe3si2g_nI,NnRotisteesoterdfianllptriomdeuc
(1) 50

Cin (LSE) OSC32_IN Input

Tolerance(1)

- 5 pF

DuCy (LSE) duty cycle - 30 50 70 %
IL OSC32_IN Input leakage

current

VSS≤VIN≤VDD - ±1 μA

Figure 13 AC Timing Diagram for External Low Speed Clock Source
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when designing MCUs for use in harsh humid conditions;

crystalmanufacturer.

High-speed external clock generated using a crystal/ceramic resonator
The High Speed External Clock (HSE) can be generated using an oscillator consisting of a 4 to

16 MHz crystal/ceramic resonator. The information given in this section is based on a
comprehensivecharacterizationusing typical external components listed in the table below. In the
application, the resonator and load capacitance must be placed as close as possible to the
oscillator pins to minimize output distortion and stabilization time at startup.

Table 21 HSE 4~16MHz Oscillator Characteristics(1)(2)
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Figure 14 Typical Application Using 8MHz Crystals

1. The REXTvalue is determinedby the characteristics of the crystal. Typical values are 5 to 6 times RS.

notation parameters prerequisite minimum
value

typical
value

maximum
values

unit (of
measure)

fOSC_IN oscillator frequency - 4 8 16 MHz
RF Feedback resistance - - 200 - kΩ

C
Recommended load
capacitance with
corresponding

The crystal serial

impedance (RS) of the (4)

Rs= 30Ω - 30 - pF

1i.2Reson
2.Derive

a
d
to
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haH
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time the software enables HSE until a stable 8MHz oscillation is obtained.
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Low-speed external clock generated using a crystal/ceramic resonator
The Low Speed External (LSE) clock can be generated using an oscillator consisting of a

32.768kHz crystal/ceramic resonator. The information given in this section is based on a
comprehensive characterization using typical external components listed in Table 21. In the
application, the resonator and load capacitance must be placed as close as possible to the
oscillator pins to minimize output distortion and stabilization time at startup.

Note: For CL1 and CL2, it is recommended to use high quality ceramic dielectric capacitors
between 5pF and 15pF, and select a crystal or resonator that meets the requirements. Usually CL1
and CL2 have the same parameters. Crystal manufacturers usually give the load capacitance
parameters as a serial combination of CL1 and CL2.

The load capacitance CL is calculated by the following formula: CL= CL1x CL2 / (CL1+ CL2 ) + Cstray,
where Cstray is the capacitance of the pins and the PCB or

PCB-related capacitance, which is typically between 2pF and 7pF.
WARNING: To avoid exceeding the maximum values of CL1 and CL2 (15pF), it is strongly

recommended to use a resonator with a load capacitance CL ≤ 7pF, and not one with a load
capacitance of 12.5pF.

For example, if a resonator with load capacitance CL=6pF and Cstray=2pF is selected, then

CL1=CL2=8pF .

notation parameters
Table 21 LSE oscillator characteristics (fLSE=32.768kHz) (1)

prerequisite minimum
value

typical value maximum
values

unit (of
measure)

R Feedback - - 5 - MΩ

resistance
ec mmend

C
e
p
d
ow
lo
e
a
r
d

The
crystal serial
r nce is

RS= 30kΩ - - 15 pF

t
esista e as
he sam
t h e
capacitance
of the
correspondi
ng crystal.

1.Derived from a comprehensive assessment and not tested in production;

3. Current consumptDiornivcean be optimized by choVoIsNi=nVgSSa high quality oscillator with a sm- all RSvalue (e.g1..4MSIV-TIN 32.76μ8AkHz);

gm Tisramnesacsounredduct
ance of the
oscillator

(4) activation

time

-

stabilizatio

n

resonator andmay var5y greatly depend-ing on the crysta-l manufactuμreAr/.V

TA=50°C - 1.5 -
TA=25°C - 2.5 -
TA=10°C - 4 -
TA=0°C - 6 - s
TA= -10°C - 10 -
TA= -20°C - 17 -

DS-TM TA= -30°C - 32 -
TA= -40°C - 60 -

2022/06/18

tSU(LSE)
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Figure 15 Typical Application Using 32.768kH Crystals
Datasheet
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(LSI) RC

notation

fHSI

parameters

frequency

Table 22 HSIOscillator Characteristics (1)

prerequisite minimum typical maximum unit (of

-

TA= -40~105°C

value

-

-2

value

8
-

values measure

-

2.5

)
MHz

%

ACCHSI HSIOscillatorAccuracy

tSU (HS
1.

2.
IDD (HSI)
Guaranteed by desi
VDDI)

= 3.3V, TA=-40~105°C , unless otherwise noted;
HSIOscillatorSt

HSI Oscill
gn, not tested in production.

atorPower

artup Time

TA=25°C
-

-

-1.1

1

-

-

-

80

1.8

2

100

Low Speed InterCnoanslumption

%

μs

μA

Oscillator
Table 23 LSIOscillator Characteristics ( )1

5.3.7 Internal Clock SourceCharacteristics

Thecharacteristicsgiven in the following tableweremeasuredusing ambient temperatures and

supply voltages in accordance with Table 6.

High Speed Internal (HSI) RCOscillator

TA= -10~85°C -1.5 - 2.2 %

TA= 0~70°C -1.3 - 2 %

2.Derived from a comprehensive assessment and not tested in production;
3.Guaranteed by design, not tested in production.

notation parameters minimum
value

typical value maximum
values

unit (of
measure)

fLSI (2) frequency 30 40 60 kHz
tSU(LSI)(3) LSI Oscillator Startup Time - - 85 μs
IDD (LSI) (3)

1. VDD = 3.3V, TA=
LSIOscillatorPowerConsumption

-40~105°C , unless otherwise noted;
- 0.65 1.2 μA
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Wake-up time from low-power mode
The wake-up times listed in Table 24were measured during the wake-up phase of an 8MHz

HSI RC oscillator. The clock source used for wake-up depends on the current operatingmode:

• Stop or Standbymode: the clock source is an RC oscillator;
• SleepMode:Theclock source is theclockusedwhenenteringsleepmode;
All times were measured using ambient temperatures and supply voltages in accordance with

Table 6.
Table 24Wake-up times for low-powermodes

in accordance with Table 6.
Table 25 PLL Characteristics

ges

om a compr
F
eh
lo
en
at
s
i
i
n
ve
g
a
c
s
y
se
c
s
l
s
e
ment and no

k
frequency.

notation parameters prerequisite typical
value

unit
(of
meas
ure)

(1)
Wake from sleep mode Wake-up with HSI RC Clock 1.7

μs

plyvolta

tWUSLEEP

Wake up from shutdown mode
(regulator is running)

Mode)

HSI RC clock wakeup = 2μs 2.6
tWUST ( 1)

OP

1. Wake-up ti mWe iaskmeeuapsufrreodmfrosmhuthtdeoswtanrt of the

haracteriza
mode (regulator

istiinonlow power

mode)

wake-up eveHnSt uI nRtCil tchloecuksewr parkoegurapm=r2eμadss the first i

Regulator wake-up time from low-power

mode = 5μs

nstruc
5
t
.
i
1
on.

5.3.8PLL C

(3)
meWteakrse ulipstferodminstTanadbbleym25odwee

HSI RC clock wakeup = 2μs
rReemguelaatsourrwedakue-suinpgtimame fbrioemntotfefmmopdeera=t3u8rμes s and52sup

notation parameters numerical value unit (of

measure)
minimum value typical value maximum

values

fPLL_IN PLL Input Clock(2) 1 8.0 25 MHz

PLL Input Clock Duty Cycle 40 50 60 %
fPLL_OUT PLL Multiplier Output Clock 16 72 MHz
tLOCK PLL phase-lock time - 43 200 μs
1.Derived frJitCtearre nee2. ds to be takentouse thecorrectoctavefa

ttested in
-
producti

ctorsothat fPLL_OUTis
on;

-
withintheallowable range b

3a0s0ed on the PLL inppsut cloc
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Power down/suspendmod
VDD=3.0~3.6V

e, - - 3 μA

5.3.9Memory

Features Flash

Memory
Unless otherwise noted, all characteristics are obtained at TA= -40~105°C.

parameters
Table 26 Flash memory characteristics

Pr
l
o
o
g
n
r
g
a
e
m
vi
m
ty
ing Voltage

FlasShtamnedmbyormyoldifee, aVnDdDd=3a.t3a~3r.e6tVenti

TA= -40~85°C (6 suffix)
thou

V
sand

notation prerequisite minimu
m value

typical
value

maximu
m values

unit (of
measure

)
tprog 16-bit programming time TA= -40~105°C 6 - 7.5 μs

tERASE Page (1K bytes) Erase
Time

TA= -40~105°C 4 - 5
ms

tME Whole chip erase time TA= -40~105°C 20 - 40

IDD

1.Guarant

Supply Current

eed by design, not tested in pr

Table 27

Read Mode, fHCLK=72MHz, 2 Wait

Peri
Weeks

3.3V
od, VDD =

- - 7.6

mA

oduction.
Write/erase mode.

fHCLK=72MHz, VDD=3.3V
- - 7

on pe- riod - 15 μA

notation

Vprog

parameters conditional minimum
value

typical
value

maximum
values

unit (of
measure)

2 - 3.6
NEND

TA= -40~105°C (7 suffix)
20000 - -

times

tREDT eriv1.
2.Cycle

ed froDmataacroemtepnrethioennsiv
throupgehritohdis temperatur

1k cycles at TA = 25°C(2) 100 - -
surname

Nian
e assessm1kenctyacnldesnoatttTeAst=ed10in5°pCro(2d) uction; 20 - -
e range.10k cycles at TA=125°C(2) 10 - -
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5.3.10 EMC Characteristics

Sensitivity testing is performed on a sample of products during a comprehensive evaluation of the

product.

Functionality EMS (Electromagnetic Sensitivity)
When running a simple application (2 LEDs blinking through the I/O port), the test sample is

subjected to 2 types of electromagnetic interference until an error is generated, which is
indicated by the blinking of the LEDs.

• Electrostaticdischarge (ESD) (positive andnegativedischarge) is applied to all pins of the
chip until a functional error is generated. This test complies with the
IEC 1000-4-2 standard;

• FTB: A pulse train of transient voltages (forward and reverse) is applied acrossVDD and VSS

by means of a100pF capacitor until a functional error is generated. This test complies
with the IEC 1000-4-4standard;

A chip reset restores the system to
normal operation. The test results
are listed in the table below.

parameters
Table 28 EMS Characteristics

prerequisite

Evaluation and optimization of EMC at the device level is performed in a typical application
environment. It should be noted that good EMC performance is closely related to the user
application and the specific software. Therefore, it is recommended that the user optimizes the
software for EMC and performs EMC-related certification tests.

Software Recommendations
The flow of the software must include controls for the program to run and fly, for example:

• Corrupted programcounter;
• Accidental reset;

• Critical data is corrupted (control registers, etc.).

Pre-certification tests
Many common failures (accidental resets and corrupted program counters) can be

reproduced by artificially introducing a low level on NRST or a low level on the crystal pins that
lasts 1 second.

notation Level/type

VFESD ThevoltagelimitthatisappliedtoeitherI/Opinthat

cancausea functionalerror.

VDD= 3.3 V, TA= +25 °C.

fHCLK= 72 MHz. in accordance with IEC

1000-4-2.

2B

VEFTB

Desig

Transient pu
a
ls
p
e
p
g
l
r
ie
o
d
up
th
v
r
o
o
l
u
ta
g
g
h
e
a
limits on VDD and

ning rob
V

tuh
SS

satt csaoufstewfuanrcteiotnoal
1

ae
0
rv
0
r
p

oo
F
ri
c

d
ap

n
a

o
ci

i
t

s
o

e
r

s

VDD= 3.3 V, TA= +25 °C.

pr
fH

o
CL

b
K

l
=
e
7
m
2 M
s
Hz. in accordance with IEC

1000-4-4.

4A
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During ESD testing, voltages in excess of the application requirements can b
D
e
a
a
ta
p
s
p
h
l
e
i
e
e
t
d

directly to the chip, andwhere unexpected actions are detected, the software sectionneeds to be
enhanced to prevent unrecoverable errors.
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is a ly
pin

(of
Maximum

mElaecctormopstraethiecndsiivsecahsasregssemveonlttaanged n(hout tmesatend

ock
model)

JS001- 2007
5 °C according toT =+2

ure)

ample40s0are r

V

equired

mit;

Electromagnetic interference (EMI)
The EMF emitted by the chip is monitored while running a simple application (blinking 2

LEDs through the I/O port). This emission test complies with SAE J1752/3, which specifies the
loads on the test board and pins.

Table 29EMICharacteristics

a

Basedon threedifferent tests (ESD,LU), using specificmeasurements, the chip is strength
tested to determine its performance in terms of electrical sensitivity.

Electrostatic Discharge (ESD)

An electrostatic discharge (a positive pulse followed by a negative pulse one second later)
pplied to all pins of all samples, the size of which correlates with the number of power supp
son thechip(3 slicesx(n+1)powersupplypins).This testcomplieswith the JESD22-A114/C101
ndard.

para
Table 30 ESD Absolute Maximum Values

meters

V1ES.DDe(HrBivMe)d fro

sta
V

t
E

i
S

c
D (

b
CD

o
M

l
)

t l

in production. 3 6500

T = +25 °C according to

To evaluate boElleticntrgospteatrifcodrimscahnarcgee,v2ocltoamgeplementary staJtEicSDb2o2l-tAin11g5tCests o
InI 6 s :

• For each p(ocwhaerrgisnugpepqluyippmine,npt rmoovdidele) a supply voltage that exceeds the li
• Current is injected on each input, output, and configurable I/O pin. This test complies

with the EIA/JESD 78A integrated circuit latch standard.
Table 31 Electrical s

p
e
r
n
e
s
r
i
e
ti
q
v
u
it
is
y
ite

notation

value (1)

meas

unittypologyprerequisite

notati

on

param

eters

prerequisite Frequency

bands

monitored

Maximum (fHSE/fHCLK) unit

(of

measu

re)

8/48MHz 8/72MHz

SEMI

5.3.11Abpseoalkutvalue

VDD= 3.3 V, TA= 25°C .

e mLaQxFiPm100upmackaegel,ectric
conforms to (

IEC 61967- 2

0.1~30MHz 12 12
dBμV30~130MHz 22 19

130MHz~1GHz 23 29

l se
S
n
A
s
M
it
E
i
M
v
I
it
le
y
v
)
el 4 4 -

sta

notation parameters typology

LU Static bolts and locks T = +105 °C according to JESD 78E Category I A
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e
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3
i
3
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t
/
e
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m
r
i
a
n
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i
t
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u
is
m
tic
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s
alue

FT I/O (1) pin, input low

All I/O ports except BOOT0

voltage

Standard I/O Pin
SchmittTrigger

voltage 49

- 200 - - mV

--0.65 VDD(2)All I/O ports except BTOOT0
22/06/18Rev 1.0 203xx_SDS-TM3

--0.42×(VDD-2V)+1VFT I/O pin(1) , input high

--
+1.3V

0.41 x (VDD-2V)

voltage

Standard I/O pin, input high

2F10

Voltage

HighLevel Input
VIH

0.35 VDD--

+0.75V
0.32 x (VDD-2V)--

V

+0.8V
0.28 x (VDD-2V)--

voltage

Standard I/O pin, input low

Voltage

LowLevelInputVIL

re)

(of
measu

unitmaximum values
value
typicalparameters

on
notati

Functional sensitivity to current injection

5.3.12 I/O Port

Characterization

Current Injection

Characterization

VSS VDD
and cause current injection into the

3V I/O port pins)
I/O pins. However, to illustrate the robustness of the

microcontrollerbeyond the occurrenceof abnormal injections, sensitivity testswere performed
on the samples at the device characterization device.

I/O
Execute a simple application program on the device while injecting current at the I/O pins set

to float input mode to stress the device's family of currents, and check the device for functional
failures while injecting current into the I/O pins one by one.

Failure is indicated as soon as one of the following parameters is out of range: ADC error
exceeding a specific limit (>5 LSBTUE), injectionof out-of-specification current into adjacent pins
or other functional failures (e.g. reset, oscillator frequency deviation).

The results are shown in the table below:
Table 32 I/O current injection sensitivity

Functional sensitivity

alized Input/COuurrtepntuintjeCchtioanroancatlel FrTisptiincss
less otherwisIenjnecottioend,otfhceurpreanrtaomneatneyrsotlhisetrepdinin the following tab-l5e were measu+r5ed acc to

the conditions inTable 6. All I/O ports are CMOS and TTL compatible .

notati

on

clarification unit

(of

meas

ure)

Injection of
negative
current

Positive
current
injection

GeIInNJer
Un

OSC_IN32,OSC_OUT32,PA4,PA5,Current injection on PC13 -0 +0

mA

ording

-5 +0
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3.Thevoltageisat least100mV;

1. FT = 5V Tolerance;

4);

ters prerequisite minimum maximu unit

VOH(2)(3) Output high, when all 8 pins outputcurrent

OL

VOH(2)(3) Output high, when all pins outputcurrent

2.Hysteresis voltage of the Schmitt trigger switching level. Derived from a comprehensive evaluation and not tested in production;

4.The leakage currentmay be higher than the maximumvalue if there is a reverse current back-up at an adjacent pin;
5.The pull-up and pull-down resistors are designed as a true resistor in series with a switchable PMOS/NMOS implementation.

The resistance of this PMON/NMOS switch is very small (about 10%)

All I/O ports are CMOS andTTL compatible (no software configuration required) and their characteristics take

into account most of the stringent CMOS process or TTL parameters.

Output drive current
The GPIOs (General Purpose Input/Output Ports) can absorb or output up to +/-8mA and

absorb +20mA (not strictly V ). In user applications, the number of I/O pins must be such that the
drive current does not exceed the absolute maximum ratings given in section 5.2:

• The sum of the currents taken by all I/O ports from V, plus the maximum operating
c
T
u
a
r
b
r
l
e
e
nt taken by the MCU onV, must not exceed the absolute maximum rating, IVDD (see

• The sum of the currents absorbed by all I/O ports and flowing off V, plus the maximum
operating current flowing off V by theMCU, must not exceed the absolute maximum rating,
IVSS (see Table 4).

output voltage
Unless otherwise noted, the parameters listed in Table 34 were measured using ambient
temperatures and VDD supply voltages in accordance with Table 6. All

The I/O ports are CMOS and TTL compatible.

notation parame
Table 34Output Voltage Characteristics

(1)

value mvalues (of
meas
ure)

VOL Output low, when all 8 pins draw current
simultaneously

VOH(2) Output high, when all 8 pins outputcurrent

at the same time
VOL(1) Output low, when all 8 pins draw current

CMOS port, IIO =+8mA

2.7V < VDD<3.6V

TLL Port, IIO = +8mA

- 0.4

VDD-0.4 -

V
- 0.4

1.The current IIO absorbe
s
d
im
by
ul
t
t
h
a
e
n
c
e
h
o
ip
us
m
ly
ust always follow the abs2o.7luVte<mVaDxiDm<u3m.6Vratings given in Table 4, while the sum of the

IIO (all I/O pins and control pins) must not exceed IVSS; 2.4 -

2.T
(1
h
)(3
e
)
current IIOsoutput

a
f
t
r
t
o
h
m
e
t
s
h
a
e
m
chi
e t
p
im
m
e
ust always follow the absolute maximum ratings given in Table 4, while the sum of the

-
IIOs (all

OI/Outppiunts laonwd,cwonhteronl apliln8s)pminusstdnroatwexccueerdreIVnDtD;at IIO= +20mA 1.3
3.Derived from a comprehtehnesisvaemasesetsismmeent and not tested in produ2.c7tVion<.VDD< 3.6V

8
at the same time

2.4 -

VOL(1)(3) Output low, when all 8 pins draw current at
the same time

VOH(2)(3) Output high, when all 8 pins outputcurrent

at the same time

IIO= +6mA

2V < VDD< 2.7V

- 0.4

VDD-0.4 -

V
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Input/Output AC Characteristics
The definitions and values of the input and outputAC characteristics aregiven inFigure16 and
Table 35, respectively.

Unless otherwise specified, the listed parameters were measured using ambient temperatures and

supply voltages in accordance with Table 6.

Table 35 Input/Output AC Characteristics(1)

MODEx[1:0] notation parameters prerequisite minimu
m value

maximu
m values

unit
(of

measu
re)

10 (2MHz)

fmax(IO)out Maximum frequency(2) CL= 50 pF,VDD= 2~3.6V - 2 MHz

tf(IO)out Output high to low level fall

time
CL= 50 pF,VDD= 2~3.6V

- 125(3)
ns

tr(IO)out Output low-to-high rise time - 125(3)

01 (10MHz)

fmax(IO)out Maximum frequency(2) CL= 50 pF,VDD= 2~3.6V - 10 MHz

tf(IO)out Output high to low level fall

time
CL= 50 pF,VDD= 2~3.6V

- 25(3)
ns

tr(IO)out Output low-to-high rise time - 25(3)

11 (50MHz)

1.The speedo
GPIOportc

2.Themaxim

fmax(IO)out Maximum

frequency(2)

CL= 30 pF,VDD= 2.7~3.6V - 50
MHzCL= 50 pF,VDD= 2.7~3.6V - 30

CL=50 pF,VDD= 2~2.7V - 20

tf(IO)out Output high to low level fall

time

CL= 30 pF,VDD= 2.7~3.6V - 5(3)

ns

n ofthe

CL= 50 pF,VDD= 2.7~3.6V - 8(3)

CL=50 pF,VDD= 2~2.7V - 12(3)

f thtre(IOI/)Ooutpo
onfiguratio
um frequen

rt caOn ubtepcuotnlfoigwur-teod-vhiiagMhOriDsEext[i1m:0]e.
n registers;
cy is defined in Figure 16;

CL= 30 pF,VDD= 2.7~3.6V - 5(3)

SeCeLth=e5T0Mp3F2,FV1D03Dxx=R2e.7f~er3e.6nVce Manua-l for a des8c(3ri)ptio

CL=50 pF,VDD= 2~2.7V - 12(3)

3.Gu
-
aranteed by dtEeXsTiIgpwn, n

oTtht
p
ees
u
Ete
l
X
s
d
e
TinI cporondtruoctliloenr.detects the

of an external signal
punch width

- 10 - ns

Fig. 16 Definition of Input and Output AC Characteristics

If (tr+tf) ≤ 2/3T , and the duty cycle is (45-55%) The maximum frequency is reached when the load is 50pF.
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Table

.

Table

5.3.13NRST PinCharacteristics

The NRST pin input driver uses a CMOS process which connects a pull-up resistor, RPU, that
cannot be disconnected (see Table 33). Unless otherwise noted, the parameters listed in
36 were measured using ambient temperature and VDD supply voltage in accordance with Table
6

Figure 17 Recommended NRST Pin Protection

1.The reset network is designed to prevent parasitic resets;

2. The user must ensure that the potential of the NRST pin can fall below the maximum VIL(NRST)listed in 36, otherwisethe

MCU cannot getreset.

parameters
Table 36 NRST PinCharacteristics

1.GRuPUaranteed bWyedaeksigpnu,lnl-outptesetqeduiivnaplreondturcetisoins;tance(2)
p resistor is designedas a true resistor in serie

VIN=VSS 30 40 50 kΩ

OS switch is very small (
NRST Input UnfilteredPulse

NRST Input Fi
about10%)
lter Pulse

.
ns300VNF (NRST) (1)

ce of
n
t
s
hisn.The

1
r
0
e
0
sistanmplementatioable PMOS is with aswitch

PMON/NM
(1)Thepull-u2.

VF(NRST)

mV200

Hysteresis
NRSTSchmittTriggerVoltageVhys(NRST (1)

)

VDD+0.52NRST Input High VoltageVIH (NRST) (1)
V

0.8-0.5NRST Input Low Level VoltageVIL(NRST (1)
)

e)

unit (of
measurvalues

maximum
value
typical

value
minimumprerequisitenotation
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5.3.14 TIM Timer Features

The parameters listed in Table 37 are guaranteed by design.

Refer to Section 5.3.12 for details on the characteristics of the input/output multiplexing function

pins (output compare, input capture, external clock, PWM output).

Table 37 TIMx Characteristics(1)

notation parameters prerequisite minimum
value

maximum values unit (of
measure)

tres(TIM) Timer Resolution

Time

- 1 - tTIMxCLK

fTIMxCLK= 72MHz 13.9 - ns

fEXT
Timer External Clock

Frequency for
CH1 to CH4

- 0 fTIMxCLK/2 MHz

fTIMxCLK= 72MHz 0 36 MHz

ResTIM Timer Resolution - - 16 bit

tCOUNTER

1. TIMx is a gen

When the internal clock
is selected, the 16-

eric nam
bi
e
t
t
c
h
o
a
u
t
n
st
t
a
e
n
r
d
c
s
l
f
o
o
c
r
k
TIM1~

cycle

- 1 65536 tTIMxCLK

fTIMxCLK= 72MHz

TIM4.

0.0139 910 μs

5.3.tM1A5Xc_CoOUmNTmunicatMioaxnimsuimntpeorsfsaibclee
count

- - 65536x65536 tTIMxCLK

fTIMxCLK= 72MHz - 59.6 s

I2C Interface Features
Unless otherwise noted, the listed parameters are measured using the ambient temperature,

fPCLK1 frequency, and V supply voltage in accordance with the conditions in Table 6.
The I2C interface of the GX32F103xx standard product conforms to the standard I2C

communication protocol with the following limitation: SDA and SCL are not "true" open-drain
pins, and when configured as open-drain outputs, the PMOS tubes between the pin and the VDD

are turned off, but are still present.

The I2C interface characteristics are listed inTable 38, seeSection 5.3.12 for detailson the
characteristics of the input/output multiplexing function pins (SDA and SCL).

Table 38 I2C Interface Characteristics

notation parameters Standard I2C(1) Fast I2C(1)(2) unit

(of

measu

re)

maximum
values

minimum
value

maximum
values

minimum
value

tw(SCLL) SCL Clock Low Time 4.7 - 1.3 -
μs

twSCLH) SCL Clock High Time 4.0 - 0.6 -
tsu (SDA) SDA build-up time 250 - 100 -

ns

th (SDA) SDA Data Hold Time 0(3) - 0(4) 900(3)
tr(SDA)

tr(SCL) SDA and SCL Rise Time - 1000 20+0.1Cb 300

tfSDA)

tfSCL) SDA and SCL downtime - 300 - 300

DS-TMth3(2STFA1)03xx_S Start condition holdtime 4.049 - 0.6 R-ev 1.0 2022/06/18
μs

tsu (STA) Repeat start condition
establishment time

4.7 - 0.6 -
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4 MHz to achieve the maximum frequency for fast mode I2C;

1.Guaranteed by design, not tested in production;

than
2.To achieve the maximum frequency for standard mode I2C, fPCLK1 must be greater than 2 MHz. fPCLK1 must be greater

3.If an elongated SCL signal low time is not required, only the maximumhold time for the start condition is required;
4.In order to cross the undefined region of the falling edge of SCL, a hold time of at least 300ns on the SDA signalmust be
guaranteed within theMCU.

Figure 18 I2C bus AC waveform and measurement circuitry(1)

1.Measurement points are set at CMOS levels: 0. 3VDD and 0.7VDD.

Table 39 SCL frequency (fPCLK1 = 36MHz, VDD = 3.3V) (1)(2)

fSCL(kHz) I2C_CCR Values

RP=4.7 kΩ

400 0x801E

300 0x8028

200 0x803C

100 0x00B4

50 0x0168

20 0x0384
1. RP= external pull-up resistor, fSCL=I2Cspeed;

2.Forspeedsaround200kHz,theerrorinspeedis±5%.Forotherspeedranges,theerrorinspeedis±2%.Thesevariationsdepend
on the accuracy of the external components in the design.
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SPI Interface Features

Unless otherwise specified, the parameters listed in Table 40 are measured using the ambient

temperature, fPCLKx frequency, and VDD supply voltage in accordance withTable6. For details of

the characteristics of the input/output multiplexing function pins (NSS, SCK, MOSI, MISO), see

Section 5.3.12.

Table 40 SPI Characteristics(1)

a o

me to

notation parameters conditional minimum

value

maximum

values

unit (of

measure)
fSCK

1/tc(SCK) SPI Clock Frequency
Master Mode - 18

MHz
modal - 18

tr(SCK)

tf(SCK)
SPI Clock Rise and Fall Times Load capacitance: C

= 30pF

- 8 ns

Ducy (SCK) Slave Input Clock Duty Cycle modal 30 70 %

tsu (NSS) (2) NSS Establishment Time modal 4tPCLCK -

ns

aximum time t

maximum ti

(2)
th(NSS) NSS Hold Time modal 2tPCLCK -

tw(SCKH (2)

tw (SCKL (2)
)

SCK high and low time

Master Mode.

fPCLK = 36MHz.

Prescaler factor = 4

50 60

Tsu(MI (2) Tsu(SI)
) Data Entry Establishment

Time, Master Mode

Master Mode 5 -

modal 5 -

Th(MI) (2)

(2)
Th(SI)

Data Entry Hold Time,

Master Mode

Master Mode 5 -

modal 4 -

Ta(SO)(2)(3) Data output access time From the model.
fPCLK= 20MHz

0 3tPCLCK

tdis(SO)(2)(4) Data Output Inhibit Time modal 2 10
tv(SO)(2)(1) Data Output Valid Time Slave mode (after

enable edge)

- 25

tv(MO)(2)(1)
1. The SPI1 charac
2.Derived from aco

te
m
ri
D
za
a
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n
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o
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u
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V
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5
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hemaxi1m5um val

d the maximumv

ue indicat-esthem

alue indicatesthe

Tphl(aMcOe(2th) e data l) Master mode (after

enable edge)
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Figure 19 SPI Timing Diagram-Slave Mode and CPHA=0

Figure 20 SPI Timing Diagram - Slave Mode and CPHA=1 (1)

1.The measurement points are set at CMOS levels: 0. 3VDD and 0.7VDD.
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Figure TimingDiagram-MasterMode21 SPI (1)

1.The measurement points are set at CMOS levels: 0. 3VDD and 0.7VDD.

USB Characteristics

Table 41 USB Boot Time

notation parameters maximum

values

unit (of

measure)
(1)

tSTARTUP USB Transceiver Startup Time 1 μs

1. Guaranteed by design, not tested in production.
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a 1.5kΩ resistor;

2.7~3.0Vvoltagerange;

Full Speed ElectricalCharacteristics(1)

the

Table 42 USB DC Characteristics

1.All voltagemeasurements are based on the ground at the equipment end;
2.For compatibility with the USB 2.0 full-speed electrical specification, the USBDP(D+) pin must be connected to 3.0~3.6V through

3.The correct USB functionality of the GX32F103xx can be guaranteed at 2.7V instead of the degraded electrical characteristicsin

4.Assured by a comprehensive assessment, not tested in production;
5. RL is the load connected to the USB drive.

Figure 22 USB Timing: Data Signal Rise and

Fall Time Definitions Table Table 43 USB

1.Guaranteedbydesign,not tested inproduction;

2.Measurement data signal from 10% to 90%.

notation parameters prerequisite Minimum(1) Maximum

value (1)

unit (of

measure)

Input level

VDD USBoperating voltage(2) 3.0(3) 3.6 V

VDI(4) Differential Input

Sensitivity

I(USBDP,USBDM) 0.2 -

V
VCM(4) Differential common

mode range

Includes VDI scopes 0.8 2.5

(4)
VSE Single-Ended Receiver

Threshold

1.3 2.0

output level
VOL Static output low level 1.5kΩ RL to 3.6V(5) - 0.3

VVOH Static Output High
15kΩ RL to

(5)
VSS

2.8 3.6

notation parameters prerequisite minimum

value

maximum

values

unit (of

measure)

tr Rise time (2) CL ≤ 50pF 4 20 ns

tf Descent time (2) CL ≤ 50pF 4 20 ns

trfm Rise and fall time matching tr / tf 90 110 %

VCRS Output Signal Cross Voltage 1.3 2.0 V
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3.In
fo
L
r
Q
d
F
e
P
ta
48
ils
a
;
nd LQsFaPm64ppliancgkatigmeeproducts, VREF+ is internally connected to VDDA and VREF- is inter-

nally connected to VSSA. see Table 2

5.3.16CAN (Controller Area Network) interface

See Section 5.3.12 for details on the characteristics of the input/output multiplexing function pins

(CAN_TX and CAN_RX).

5.3.1712-Bit ADC Characterization

Unless otherwise noted, the parameters in Table 44 are measured using ambient temperature,

fPCLK2 frequency, and VDDA supply voltage that meet the conditions in Table 6.

NOTE: It is recommended that a calibration be performed at each power-up.

notation parameters
Table 44 ADC Characteristics
conditional minimumvalue typical

value
maximum
values

unit (of
measure)

VDDA Supply Voltage - 2.4 - 3.6 V
VREF+ Positive reference voltage - 2.4 - VDDA V
IVREF Current at V inputpin
fADC ADC ClockFrequency
fS(2) sampling rate

fTRIG(2) External Trigger

Frequency

VAI (3) N Conversion voltage range -
0 (VSSA or VREF-

Connect to ground) - VREF+ V

RAIN
(2)

External Input Impedance - - 50 kΩ
RADC

(2)
Sampling Switch Resistor - - 1 kΩ

CADC
(2)

Internal sample and hold - - 8 pF

tCAL (2)

capacitance

calibration time
fADC=14MHz 5.9 μs

83 1/fADC

fADC=14MHz - - 0.214 μs
tlat(2) Injection Trigger - - 3(4) 1/fADC

tlat (2)

Conversion Delay
fADC=14MHz - - 0.143 μs

r
Regular Trigger - -

1.Assured by comTprraenhesnitsiiovne eDvealluayation, not tested in production;
2(4) 1/fADC

2ts
.(G2)uaranteed by design, not tested in productiofnA;DC=14MHz 0.107 - 17.1 μs

1.5
tST4A.FBo(2r) external triggpeorwinegr, -aodnetlaimy e1/fPCLK2must be added to the delays listed i0nTable 44.

239.5 1/fADC

0 1 μs

tCONV (2) Totalconversion fADC=14MHz 1 - 18 μs

time

(including sampling

14~252(samplingtS+progressively

approaching 12.5)

1/fADC

time)

- - 160(1) 220(1) μA

- 0.6 - 14 MHz

- 0.05 - 1 MHz

fADC=14MHz - - 823 kHz

- - - 17 1/fADC
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Formula 1: Maximum RAIN

The above equation (Equation 1) is used to determine the maximum external impedance that will allow an error of

less than 1/4 LSB, where N=12 (for 12-bit resolution).

Table 45Maximum RAIN at fADC=14MHz (1)

TS (cycle) t S(μs) Maximum RAIN (kΩ)

1.5 0.11 0.4

7.5 0.54 5.9

13.5 0.96 11.4

28.5 2.04 25.2

41.5 2.96 37.2

55.5 3.96 50

71.5 5.11 -

239.5 17.1 -

1.Guaranteed by design,not

tested in production. Table 46 ADCAccuracy - Restricted Test Conditions (1)(2)

4. Assured by comprehensive evaluation, not tested in production.

Table 47 ADC Accuracy(1)(2)(3)
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ET

conversion curve.

Figure 23 ADC Accuracy Characteristics
1.is an example of an actual ADC conversion curve; 2.Idealconversioncurves;

3.Th
C
e
o
ac
m
tu
b
al
i
c
n
o
e
n
d
ver
e
s
r
io
r
n
o
p
r
o
:
i
t
n
h
ti
e
sc
m
on
a
n
x
ec
i
t
m
ed
u
to
m
the
d
l
e
in
v
e
i
.
ation between the actual conversion curve and the ideal

Eo offset error: the difference between the first leap on the actual conversion curve and the first
leap on the ideal conversion curve.
EG Gain error: the difference between the last leap on the actual conversion curve and the last leap
on the ideal conversion curve.
ED Differential Linearity Error: The difference between the actual step on the conversion

curveandtheidealstep(1LSB).Where1LSBIDEAL=VREF+/4096(orVDDA/4096,dependingon
the package).

EL Integral linearity error: Maximum deviation of the actual conversion curve from the endpoint

line.

Figure 24 Typical Connection Diagram Using the ADC
1.SeeTable 46for RAIN, RADC, andCADCvalues;
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2. Cparasitic represents the parasitic capacitance (about 7pF) of the PCB (related to the quality of soldering and PCB layout)
w
re
i
d
th
uc
r
e
es
t
p
h
e
e
ct to the pads. Larger Cparasitic values will reduce the accuracy of the conversion and the solution is to

Datasheet

fADC.
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Characteristic

PCBDesign Recommendations

Dependingonwhether VREF+ is connected to VDDAor not, the decoupling of the power supplies must

be connected according to Figure 25 or Figure 26. They should be connected as close as possible

to theMCU

Chip.

Figure 25 Supply and reference power supply decoupling lines (VREF+ not connected to VDDA)

1. The VREF+ and VREF- inputs are only found on products above 100 feet.

Figure 26 Supply and reference power supply decoupling lines (VREF+ connected to VDDA)

1. The VREF+ and V REF- inputs are only found on products with more than 100 pins.

5.3.18Temperature

notatio
S
n
ensor Table

parameters

48 Temperature Sensor Characteristics

minimum
value

typical value maximum
values

unit (of
measure)

TL(1) s VSENSELinearitywithrespect to temperature - ±1 ±2 ºC

Avg_Slope(1) average slope 4.0 4.3 4.6 mV/ºC

V25(1) Voltage a t 25ºC 1.61 1.62 1.63 V
(2)

tSTART Establishment time 4 - 10 μs
(2)(3)

TS_temp ADC sampling time when reading

temperature

- - 17.1 μs
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2.Guaranteed by design, not tested in production;
1.Assured by a comprehensive assessment, not tested in production;

3.The minimum sampling time can be determined by the application program through multiple cycles.
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pin low-profile squareflat package data

6. Package Characteristics

6.1Encapsulated mechanicaldata

6.1.1LQFP48

Figure 28 LQFP48, 48-pin low-profile

square flat package Table 50 LQFP48, 48-

grade
millimetre Feet (1)

minimum
value

typical value maximum
values

minimum
value

typical value maximum
values

A - - 1.60 - - 0.0630

A1 0.05 - 0.15 0.0020 - 0.0059

A2 1.35 1.40 1.45 0.0531 0.0551 0.0571

b 0.17 0.22 0.27 0.0067 0.0087 0.0106

c 0.09 - 0.20 0.0035 - 0.0079

D 8.80 9.00 9.20 0.3465 0.3543 0.3622

D1 6.80 7.00 7.20 0.2677 0.2756 0.2835

D3 - 5.50 - - 0.2165 -

E 8.80 9.00 9.20 0.3465 0.3543 0.3622

E1 6.80 7.00 7.20 0.2677 0.2756 0.2835

E3 - 5.50 - - 0.2165 -

e - 0.50 - - 0.0197 -

L 0.45 0.60 0.75 0.0177 0.0236 0.0295

L1 - 1.00 - - 0.0394 -

k 0° - 7° 0° 3.5° 7°

ccc 0.08 0.0031
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Pin Low-Profile SquareFlatpackData

6.1.2LQFP64

Figure29LQFP64, 64-PinLow-Profile

Square Flatpack Figure 51 LQFP64, 64-

grade
millimetre Feet (1)

minimum

value

typical value maximum

values

minimum

value

typical value maximum

values

A - - 1.60 - - 0.0630

A1 0.05 - 0.15 0.0020 - 0.0059

A2 1.35 1.40 1.45 0.0531 0.0551 0.0571

b 0.17 0.22 0.26 0.0067 0.0087 0.0106

c 0.09 - 0.17 0.0035 - 0.0079

D - 12.00 12.20 - 0.4724 -

D1 - 10.00 10.10 - 0.3937 -

E - 12.00 12.20 - 0.4724 -

E1 - 10.00 10.10 - 0.3937 -

e - 0.50 - - 0.0197 -

θ 0° 3.5° 7° 0° 3.5° 7°

L 0.45 0.60 0.75 0.0177 0.0236 0.0295

L1 - 1.00 - - 0.0394 -

N
pinout

64
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6.1.3LQFP100

Figure 30 LQFP100, 100-pin Low Profile

SquareFlatpackFigure52LQFP100, 100-pin

L
m
o
i
w
ni
P
m
r
u
of
m
ile
va
S
l
q
u
u
e
are Flatpack D

m
at
i
a
llimetre

grade
typical value maximum values

A 1.60

A1 0.05 - 0.15

A2 1.35 1.40 1.45

A3 0.59 0.64 0.69

b 0.18 - 0.26

b1 0.17 0.20 0.23

c 0.13 - 0.14

D 15.80 16.00 16.20

D1 13.90 14.00 14.10

E 15.80 16.00 16.20

E1 13.90 14.00 14.20

eB 15.05 - 15.35

e 0.50BSC

L 0.45 - 0.75

L1 1.00REF

θ 0 - 7°
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TJmax = TAmax + ( PDmax×ΘJA)

6.2 thermal property

The maximum junction temperature (TJmax) of the chip must not exceed the range of values given

in Table 6.

The maximum junction temperature (TJmax) of the chip is expressed in Celsius and can be

calculated by the following formula:

Among them:
• TAmaxisthemaximumambienttemperature,expressedin °C expressed in °C;

• ΘJA is the thermal impedance of the junction to ambient in the package, labeled as °C/W
labeled;

• PDmax i s the sum of PINTmax a n d PI/Omax (PDmax = PINTmax + PI/Omax);

• PINTmaxis the productof IDDandVDD,expressedinwatts,andisthemaximuminternalpower
consumptionof thechip.

PI/Omax is the maximum power consumption of all output pins:
PI/Omax = Σ(VOL × IOL) + Σ((VDD - VOH) × IOH)

Consider the actual VOL/IOL and VOH/IOH that are low and high on the I/O in the application.

Table 53 Thermal Characteristics of Packages

JESD51-2EnvironmentalConditions forThermalMeasurements of IntegratedCircuits-NaturalConvection (Still

Air).

notation parameters numerical
value

unit (of
measur
e)

ΘJA
Thermal Impedance to Environment - LQFP100 - 14×14mm/0.5mm Pitch 46

°C / W
ence d

Th

o
er

c
m

u
a

m
l Im

e
p

n
ed

t
ance of Junction to Environment - LQFP64 -

10×10mm/0.5mm Pitch

45

Thermal Impedance of Junction to Environment - LQFP48 - 7×7mm/0.5mm
Pitch

55
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7.Model Naming

Product numbering rules forMCUs based on ARM 32-bit cores

GX32 F 1xx K 7

F = generic product.

Product Type

P
0X
ro
X
d
:
u
pr
c
o
t
d
M
uc
o
t
d
s
e
b
l
ased on Cortex-M0+ cores; 1XX: products based on Cortex-M3 cores; 4XX: products based on

Cortex-M4 cores.

pinout
D=20 pins; F=24 pins; G=28 pins; H=32 pins; J=44 pins; K=48 pins; M=64 pins; P=80 pins; R=100

pins; Flashcapacity

4=16 Kbytes; 5=32 Kbytes; 6=64 Kbytes; 7=128 Kbytes; 8=256 Kbytes; 9=512 Kbytes; A=1 Mbytes;

Product Series
GX32 = microcontroller based on the ARM 32-bitcore.

Contact Us:
NAME：JESSE
EMAIL:service_jesseli@gxschip.com
WECHAT: f40044269
FACEBOOK:GXSC
VK:@id836505054
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