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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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1 Introduction

This datasheet provides the ordering information and mechanical device characteristics of 
the STM32F031x4/x6 microcontrollers.

This document should be read in conjunction with the STM32F0xxxx reference manual 
(RM0091). The reference manual is available from the STMicroelectronics website 
www.st.com.

For information on the ARM® Cortex®-M0 core, please refer to the Cortex®-M0 Technical 
Reference Manual, available from the www.arm.com website.
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Figure 1. Block diagram
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4 Pinouts and pin description

Figure 3. LQFP48 package pinout

Figure 4. LQFP32 package pinout
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Table 13. Alternate functions selected through GPIOB_AFR registers for port B  

Pin name AF0 AF1 AF2 AF3

PB0 EVENTOUT TIM3_CH3 TIM1_CH2N -

PB1 TIM14_CH1 TIM3_CH4 TIM1_CH3N -

PB2 - - - -

PB3 SPI1_SCK, I2S1_CK EVENTOUT TIM2_CH2 -

PB4 SPI1_MISO, I2S1_MCK TIM3_CH1 EVENTOUT -

PB5 SPI1_MOSI, I2S1_SD TIM3_CH2 TIM16_BKIN I2C1_SMBA

PB6 USART1_TX I2C1_SCL TIM16_CH1N -

PB7 USART1_RX I2C1_SDA TIM17_CH1N -

PB8 - I2C1_SCL TIM16_CH1 -

PB9 IR_OUT I2C1_SDA TIM17_CH1 EVENTOUT

PB10 - I2C1_SCL TIM2_CH3 -

PB11 EVENTOUT I2C1_SDA TIM2_CH4 -

PB12 SPI1_NSS EVENTOUT TIM1_BKIN -

PB13 SPI1_SCK - TIM1_CH1N -

PB14 SPI1_MISO - TIM1_CH2N -

PB15 SPI1_MOSI - TIM1_CH3N -



Electrical characteristics STM32F031x4 STM32F031x6 

40/106 DocID025743 Rev 5

          

          

Table 16. Current characteristics

Symbol Ratings  Max. Unit

ΣIVDD Total current into sum of all VDD power lines (source)(1) 120

mA

ΣIVSS Total current out of sum of all VSS ground lines (sink)(1) -120

IVDD(PIN) Maximum current into each VDD power pin (source)(1) 100

IVSS(PIN) Maximum current out of each VSS ground pin (sink)(1) -100

IIO(PIN)

Output current sunk by any I/O and control pin 25

Output current source by any I/O and control pin -25

ΣIIO(PIN)
Total output current sunk by sum of all I/Os and control pins(2) 80

Total output current sourced by sum of all I/Os and control pins(2) -80

IINJ(PIN)
(3)

Injected current on B, FT and FTf pins -5/+0(4)

Injected current on TC and RST pin ± 5

Injected current on TTa pins(5) ± 5

ΣIINJ(PIN) Total injected current (sum of all I/O and control pins)(6) ± 25

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

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

3. A positive injection is induced by VIN > VDDIOx while a negative injection is induced by VIN < VSS. IINJ(PIN) must never be 
exceeded. Refer to Table 15: Voltage characteristics for the maximum allowed input voltage values.

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

5. On these I/Os, a positive injection is induced by VIN > VDDA. Negative injection disturbs the analog performance of the 
device. See note (2) below Table 52: ADC accuracy.

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

Table 17. Thermal characteristics

Symbol Ratings  Value Unit

TSTG Storage temperature range –65 to +150 °C

TJ Maximum junction temperature 150 °C
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Table 25. Typical and maximum current consumption in Stop and Standby modes  

Sym-
bol

Para-
meter

Conditions

Typ @VDD (VDD = VDDA) Max(1)

Unit
2.0 V 2.4 V 2.7 V 3.0 V 3.3 V 3.6 V

TA = 
25 °C

TA = 
85 °C

TA = 
105 °C

IDD

Supply 
current 
in Stop 
mode

Regulator in run 
mode, all oscillators 
OFF 

15 15.1 15.3 15.5 15.7 16 18(2) 38 55(2)

µA

Regulator in low-
power mode, all 
oscillators OFF 

3.2 3.3 3.4 3.5 3.7 4 5.5(2) 22 41(2)

Supply 
current 
in 
Standby 
mode

LSI ON and IWDG 
ON

0.8 1.0 1.1 1.2 1.4 1.5 - - -

LSI OFF and IWDG 
OFF

0.7 0.8 0.9 1.0 1.1 1.3 2(2) 2.5 3(2)

IDDA

Supply 
current 
in Stop 
mode

V
D

D
A
 m

o
ni

to
rin

g 
O

N

Regulator in run 
mode, all 
oscillators OFF 

1.9 2 2.2 2.3 2.5 2.6 3.5(2) 3.5 4.5(2)

Regulator in low-
power mode, all 
oscillators OFF 

1.9 2 2.2 2.3 2.5 2.6 3.5(2) 3.5 4.5(2)

Supply 
current 
in 
Standby 
mode

LSI ON and 
IWDG ON

2.3 2.5 2.7 2.9 3.1 3.3 - - -

LSI OFF and 
IWDG OFF

1.8 1.9 2 2.2 2.3 2.5 3.5(2) 3.5 4.5(2)

Supply 
current 
in Stop 
mode

V
D

D
A
 m

on
ito

rin
g 

O
F

F

Regulator in run 
mode, all 
oscillators OFF 

1.1 1.2 1.2 1.2 1.3 1.4 - - -

Regulator in low-
power mode, all 
oscillators OFF 

1.1 1.2 1.2 1.2 1.3 1.4 - - -

Supply 
current 
in 
Standby 
mode

LSI ON and 
IWDG ON

1.5 1.6 1.7 1.8 1.9 2.0 - - -

LSI OFF and 
IWDG OFF

1 1.0 1.1 1.1 1.2 1.2 - - -

1. Data based on characterization results, not tested in production unless otherwise specified.

2. Data based on characterization results and tested in production (using one common test limit for sum of IDD and IDDA).
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I/O system current consumption

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

I/O static current consumption

All the I/Os used as inputs with pull-up generate current consumption when the pin is 
externally held low. The value of this current consumption can be simply computed by using 
the pull-up/pull-down resistors values given in Table 46: I/O static characteristics.

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

Additional I/O current consumption is due to I/Os configured as inputs if an intermediate 
voltage level is externally applied. This current consumption is caused by the input Schmitt 

Table 27. Typical current consumption, code executing from Flash memory, 
 running from HSE 8 MHz crystal 

Symbol
 

Parameter 
 fHCLK 

 Typical run mode  Typical Sleep mode unit

Peripheral
s enabled

 
Peripheral
s disabled

Peripheral
s enabled

 
Peripheral
s disabled

-

IDD

Current 
from VDD 

supply

 48MHz 20.2 12.3 11.1 2.9

mA

 36 MHz 15.3 9.5 8.4 2.4

 32 MHz 13.6 8.6 7.5 2.2

 24 MHz 10.5 6.7 5.9 1.8

 16 MHz 7.2 4.7 4.1 1.4

 8 MHz 3.8 2.7 2.3 0.9

 4 MHz 2.4 1.8 1.7 0.9

 2 MHz 1.6 1.3 1.2 0.8

 1 MHz 1.2 1.1 1.0 0.8

 500 kHz 1.0 1.0 0.9 0.8

IDDA

Current 
from VDDA 

supply

 48MHz 155

uA

 36 MHz 117

 32 MHz 105

 24 MHz 83

 16 MHz 60

 8 MHz 2.2

 4 MHz 2.2

 2 MHz 2.2

 1 MHz 2.2

 500 kHz 2.2
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Table 28. Switching output I/O current consumption 

Symbol Parameter Conditions(1)

1. CS = 7 pF (estimated value).

I/O toggling 
frequency (fSW)

Typ Unit

ISW
I/O current 

consumption

VDDIOx = 3.3 V

C =CINT

4 MHz 0.07

mA

8 MHz 0.15

16 MHz 0.31

24 MHz 0.53

48 MHz 0.92

VDDIOx = 3.3 V

CEXT = 0 pF

C = CINT + CEXT+ CS

4 MHz 0.18

8 MHz 0.37

16 MHz 0.76

24 MHz 1.39

48 MHz 2.188

VDDIOx = 3.3 V

CEXT = 10 pF

C = CINT + CEXT+ CS

4 MHz 0.32

8 MHz 0.64

16 MHz 1.25

24 MHz 2.23

48 MHz 4.442

VDDIOx = 3.3 V

CEXT = 22 pF

C = CINT + CEXT+ CS

4 MHz 0.49

8 MHz 0.94

16 MHz 2.38

24 MHz 3.99

VDDIOx = 3.3 V

CEXT = 33 pF

C = CINT + CEXT+ CS

4 MHz 0.64

8 MHz 1.25

16 MHz 3.24

24 MHz 5.02

VDDIOx = 3.3 V

CEXT = 47 pF

C = CINT + CEXT+ CS

C = Cint

4 MHz 0.81

8 MHz 1.7

16 MHz 3.67

VDDIOx = 2.4 V

CEXT = 47 pF

C = CINT + CEXT+ CS

C = Cint

4 MHz 0.66

8 MHz 1.43

16 MHz 2.45

24 MHz 4.97
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On-chip peripheral current consumption

The current consumption of the on-chip peripherals is given in Table 29. The MCU is placed 
under the following conditions:

• All I/O pins are in analog mode

• All peripherals are disabled unless otherwise mentioned

• The given value is calculated by measuring the current consumption

– with all peripherals clocked off

– with only one peripheral clocked on

• Ambient operating temperature and supply voltage conditions summarized in Table 15: 
Voltage characteristics

• The power consumption of the digital part of the on-chip peripherals is given in 
Table 29. The power consumption of the analog part of the peripherals (where 
applicable) is indicated in each related section of the datasheet.

Table 29. Peripheral current consumption 

Peripheral Typical consumption at 25 °C Unit

AHB

BusMatrix(1) 3.8

µA/MHz

DMA1 6.3

SRAM 0.7

Flash memory interface 15.2

CRC 1.61

GPIOA 9.4

GPIOB 11.6

GPIOC 1.9

GPIOF 0.8

All AHB peripherals 47.5
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6.3.11 EMC characteristics

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

Functional EMS (electromagnetic susceptibility)

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

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

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

A device reset allows normal operations to be resumed. 

The test results are given in Table 41. They are based on the EMS levels and classes 
defined in application note AN1709.

          

Designing hardened software to avoid noise problems

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

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

Table 40. Flash memory endurance and data retention

Symbol Parameter  Conditions Min(1)

1. Data based on characterization results, not tested in production.

Unit

NEND Endurance TA = –40 to +105 °C 10 kcycle

tRET Data retention

1 kcycle(2) at TA = 85 °C

2. Cycling performed over the whole temperature range.

30

Year1 kcycle(2) at TA = 105 °C 10

10 kcycle(2) at TA = 55 °C 20

Table 41. EMS characteristics 

Symbol Parameter Conditions
Level/
Class

VFESD
Voltage limits to be applied on any I/O pin 
to induce a functional disturbance

VDD = 3.3 V, LQFP48, TA = +25 °C,  
fHCLK = 48 MHz, 
conforming to IEC 61000-4-2

2B

VEFTB

Fast transient voltage burst limits to be 
applied through 100 pF on VDD and VSS 
pins to induce a functional disturbance

VDD = 3.3 V, LQFP48, TA = +25°C,  
fHCLK = 48 MHz, 
conforming to IEC 61000-4-4

4B
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Output driving current

The GPIOs (general purpose input/outputs) can sink or source up to +/-8 mA, and sink or 
source up to +/- 20 mA (with a relaxed VOL/VOH).

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

• The sum of the currents sourced by all the I/Os on VDDIOx, plus the maximum 
consumption of the MCU sourced on VDD, cannot exceed the absolute maximum rating 
ΣIVDD (see Table 15: Voltage characteristics). 

• The sum of the currents sunk by all the I/Os on VSS, plus the maximum consumption of 
the MCU sunk on VSS, cannot exceed the absolute maximum rating ΣIVSS (see 
Table 15: Voltage characteristics). 

Output voltage levels

Unless otherwise specified, the parameters given in the table below are derived from tests 
performed under the ambient temperature and supply voltage conditions summarized in 
Table 18: General operating conditions. All I/Os are CMOS- and TTL-compliant (FT, TTa or 
TC unless otherwise specified).

          

Table 47. Output voltage characteristics(1) 

Symbol Parameter Conditions Min Max Unit

VOL Output low level voltage for an I/O pin CMOS port(2)

|IIO| = 8 mA
VDDIOx ≥ 2.7 V

- 0.4
V

VOH Output high level voltage for an I/O pin VDDIOx–0.4 -

VOL Output low level voltage for an I/O pin TTL port(2)

|IIO| = 8 mA
VDDIOx ≥ 2.7 V

- 0.4
V

VOH Output high level voltage for an I/O pin 2.4 -

VOL
(3) Output low level voltage for an I/O pin |IIO| = 20 mA

VDDIOx ≥ 2.7 V

- 1.3
V

VOH
(3) Output high level voltage for an I/O pin VDDIOx–1.3 -

VOL
(3) Output low level voltage for an I/O pin

|IIO| = 6 mA
- 0.4

V
VOH

(3) Output high level voltage for an I/O pin VDDIOx–0.4 -

VOLFm+
(3) Output low level voltage for an FTf I/O pin in 

Fm+ mode

|IIO| = 20 mA
VDDIOx ≥ 2.7 V

- 0.4 V

|IIO| = 10 mA - 0.4 V

1. The IIO current sourced or sunk by the device must always respect the absolute maximum rating specified in Table 15: 
Voltage characteristics, and the sum of the currents sourced or sunk by all the I/Os (I/O ports and control pins) must always 
respect the absolute maximum ratings ΣIIO.

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

3. Data based on characterization results. Not tested in production.
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SPI/I2S characteristics

Unless otherwise specified, the parameters given in Table 59 for SPI or in Table 60 for I2S 
are derived from tests performed under the ambient temperature, fPCLKx frequency and 
supply voltage conditions summarized in Table 18: General operating conditions.

Refer to Section 6.3.14: I/O port characteristics for more details on the input/output alternate 
function characteristics (NSS, SCK, MOSI, MISO for SPI and WS, CK, SD for I2S).

          

Table 58. I2C analog filter characteristics(1)

1. Guaranteed by design, not tested in production.

Symbol Parameter Min Max Unit

tAF
Maximum width of spikes that are 
suppressed by the analog filter

50(2)

2. Spikes with widths below tAF(min) are filtered.

260(3)

3. Spikes with widths above tAF(max) are not filtered

ns

Table 59. SPI characteristics(1) 

Symbol Parameter Conditions Min Max Unit

fSCK
1/tc(SCK)

SPI clock frequency
Master mode - 18

MHz
Slave mode -  18

tr(SCK)
tf(SCK)

SPI clock rise and fall 
time

Capacitive load: C = 15 pF -  6 ns

tsu(NSS) NSS setup time Slave mode 4Tpclk -

ns

th(NSS) NSS hold time Slave mode 2Tpclk + 10 -

tw(SCKH)
tw(SCKL)

SCK high and low time
Master mode, fPCLK = 36 MHz, 
presc = 4

 Tpclk/2 -2 Tpclk/2 + 1

tsu(MI)
tsu(SI)

Data input setup time
Master mode 4 -

Slave mode 5 -

th(MI)
Data input hold time

Master mode 4 -

th(SI) Slave mode 5 -

ta(SO)
(2) Data output access time Slave mode, fPCLK = 20 MHz  0 3Tpclk

tdis(SO)
(3) Data output disable time Slave mode 0 18

tv(SO) Data output valid time Slave mode (after enable edge) - 22.5

tv(MO) Data output valid time Master mode (after enable edge) - 6

th(SO)
Data output hold time

Slave mode (after enable edge) 11.5 -

th(MO) Master mode (after enable edge) 2 -

DuCy(SCK)
SPI slave input clock 
duty cycle

Slave mode 25 75 %

1. Data based on characterization results, not tested in production.

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

3. Min time is for the minimum time to invalidate the output and the max time is for the maximum time to put the data in Hi-Z
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Figure 30. I2S master timing diagram (Philips protocol)

1. Data based on characterization results, not tested in production.

2. LSB transmit/receive of the previously transmitted byte. No LSB transmit/receive is sent before the first 
byte.
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Figure 38. Recommended footprint for UFQFPN32 package

1. Dimensions are expressed in millimeters.

Table 63. UFQFPN32 package mechanical data 

Symbol
millimeters inches(1)

1. Values in inches are converted from mm and rounded to 4 decimal digits.

Min Typ Max Min Typ Max

A 0.500 0.550 0.600 0.0197  0.0217 0.0236

A1  0.000  0.020 0.050  0.0000  0.0008 0.0020

A3  - 0.152  -  - 0.0060 -

b 0.180 0.230 0.280 0.0071 0.0091 0.0110

D 4.900 5.000 5.100 0.1929 0.1969 0.2008

D1 3.400 3.500 3.600 0.1339 0.1378 0.1417

D2 3.400 3.500 3.600 0.1339 0.1378 0.1417

E 4.900 5.000 5.100 0.1929 0.1969 0.2008

E1 3.400 3.500 3.600 0.1339 0.1378 0.1417

E2 3.400 3.500 3.600 0.1339 0.1378 0.1417

e  - 0.500  -  -  0.0197  -

L 0.300 0.400 0.500 0.0118 0.0157 0.0197

ddd - - 0.080 - - 0.0031
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Figure 41. Recommended footprint for UFQFPN28 package

1. Dimensions are expressed in millimeters.

1. Values in inches are converted from mm and rounded to 4 decimal digits.
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Device marking

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

Other optional marking or inset/upset marks, which identify the parts throughout supply 
chain operations, are not indicated below.

Figure 42. UFQFPN28 package marking example

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

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

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

As applications do not commonly use the STM32F031x4/x6 at maximum dissipation, it is 
useful to calculate the exact power consumption and junction temperature to determine 
which temperature range will be best suited to the application.

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

Example 1: High-performance application

Assuming the following application conditions:

Maximum ambient temperature TAmax = 80 °C (measured according to JESD51-2), 
IDDmax = 50 mA, VDD = 3.5 V, maximum 20 I/Os used at the same time in output at low 
level with IOL = 8 mA, VOL= 0.4 V and maximum 8 I/Os used at the same time in output 
at low level with IOL = 20 mA, VOL= 1.3 V

PINTmax = 50 mA × 3.5 V= 175 mW

PIOmax = 20 × 8 mA × 0.4 V + 8 × 20 mA × 1.3 V = 272 mW

This gives: PINTmax = 175 mW and PIOmax = 272 mW:

PDmax = 175 + 272 = 447 mW

Using the values obtained in Table 68 TJmax is calculated as follows:

– For LQFP48, 55 °C/W 

TJmax = 80 °C + (55°C/W × 447 mW) = 80 °C + 24.585 °C = 104.585 °C

This is within the range of the suffix 6 version parts (–40 < TJ < 105 °C) see Table 18: 
General operating conditions.

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

Note: With this given PDmax we can find the TAmax allowed for a given device temperature range (order code suffix 

6 or 7).

Suffix 6: TAmax = TJmax - (55°C/W × 447 mW) = 105-24.585 = 80.415 °C

Suffix 7: TAmax = TJmax - (55°C/W × 447 mW) = 125-24.585 = 100.415 °C

Example 2: High-temperature application

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