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Introduction STM32F031x4 STM32F031x6

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 STM32FO0xxxx 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.

Cortex

Intelligent Processors by ARM* ARM

B POWERED

3
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Description STM32F031x4 STM32F031x6
Figure 1. Block diagram
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Pinouts and pin description

Figure 3. LQFP48 package pinout
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Figure 4. LQFP32 package pinout

'9
. ) 8 ~N©ows o2
Top view CRETERERE
minInininininin
S8 &8K&A
VDD [] 1 24 [ PA14
PFO-OSC_IN ] 2 23 [JPA13
PF1-OSC_OUT [] 3 22 [ PA12
NRST [] 4 21 [ PA1N1
VDDA [ 5 LQFP32 20 [ PA10
PAO ] 6 19 [1] PA9
PA1 ] 7 18 [ ] PA8
PA2 ] 8 17 [ vDD
o2 - d¥2F e
oo g
A
MSv30475V2
DoclD025743 Rev 5 23/106




90l/ce

S A9Y €¥.G20dalcoed

Table 13. Alternate functions selected through GPIOB_AFR registers for port B

Pin name AFO AF1 AF2 AF3
PBO EVENTOUT TIM3_CH3 TIM1_CH2N -
PB1 TIM14_CH1 TIM3_CH4 TIM1_CH3N -
PB2 - - - -
PB3 SPI1_SCK, 12S1_CK EVENTOUT TIM2_CH2 -
PB4 SPI1_MISO, 12S1_MCK TIM3_CH1 EVENTOUT -
PB5 SPI1_MOSI, 12S1_SD TIM3_CH2 TIM16_BKIN 12C1_SMBA
PB6 USART1_TX 12C1_SCL TIM16_CH1N -
PB7 USART1_RX 12C1_SDA TIM17_CH1N -
PB8 - 12C1_SCL TIM16_CH1 -
PB9 IR_OUT 12C1_SDA TIM17_CH1 EVENTOUT
PB10 - 12C1_SCL TIM2_CH3 -
PB11 EVENTOUT 12C1_SDA TIM2_CH4 -
PB12 SPI1_NSS EVENTOUT TIM1_BKIN -
PB13 SPI1_SCK - TIM1_CH1N -
PB14 SPI1_MISO - TIM1_CH2N -
PB15 SPI1_MOSI - TIM1_CH3N -

uondiosap uid pue sinould

9XTEOACENLS VXTEOHCENLS



Electrical characteristics

STM32F031x4 STM32F031x6

Table 16. Current characteristics

Symbol Ratings Max. Unit
>l\pp Total current into sum of all VDD power lines (source)(") 120
Zlyss Total current out of sum of all VSS ground lines (sink)(") -120
lvboeiny Maximum current into each VDD power pin (source)(") 100
lvss(PIN) Maximum current out of each VSS ground pin (sink)(") -100
Output current sunk by any I/O and control pin 25
oeiny Output current source by any I/O and control pin -25
S Total output current sunk by sum of all I/Os and control pins(z) 80
Total output current sourced by sum of all I/Os and control pins(z) -80 mA
Injected current on B, FT and FTf pins -5/+0(4)
I|NJ(P|N)(3) Injected current on TC and RST pin 5
Injected current on TTa pins(5) +5
Zliny(PINY Total injected current (sum of all I/O and control pins)(©) +25

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

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.

A positive injection is induced by V\ > Vpp o While a negative injection is induced by V|\ < Vss. linypiny Mmust never be

exceeded. Refer to Table 15: Voltage characteristics for the maximum allowed input voltage values.

4. Positive injection is not possible on these 1/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 V|y > Vppa. Negative injection disturbs the analog performance of the

device. See note

) below Table 52: ADC accuracy.

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

Table 17. Thermal characteristics

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

40/106
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Table 25. Typical and maximum current consumption in Stop and Standby modes

Typ @Vpp (Vpp = Vppa) Max ()
Sym- | Para- . .
Conditions Unit
bol meter Ta=| Tpa= Tp =
20V |(24V| 27V |30V |33V |36V 25 °c | 85 °c | 105 °C
Regulator in run
Supply |mode, all oscillators | 15 | 151 | 1563 | 1565 | 15.7 | 16 | 182 | 38 | 552
current |OFF
in Stop | Regulator in low-
mode | hower mode, all 32 | 33| 34 [ 35 37| 4 [55@| 22 | 1@
Ibp oscillators OFF
Supply | LS ONandIWBE ) o8 | 40 | 14 |12 |14 |15 | - | - | -
in
Sta(rjwdby '(-DS;'FOFFa“d'WDG 07 |08 ] 09 | 10 |11 ]| 13| 2?0 | 25 | 3@
mode
Regulator in run
Supply mode, all 19 | 2 22 | 23 | 25 | 26 |35@| 35 | 450
current % oscillators OFF
in Stop o | Regulator in low-
mode | = |power mode,all | 1.9 | 2 | 22 | 23 | 25 | 26 |35@| 35 | 453
‘E | oscillators OFF HA
o
Supply | E |LSI ON and
current <8: IWDG ON 2.3 2.5 2.7 2.9 3.1 3.3 - - -
in >
Stagdby 'I-vf‘/'D%Fg'f;d 18 | 19| 2 | 22 | 23| 25 |35@| 35 | 452
mode
Ibba ,
Regulator in run
Supply mode, all 1.1 1.2 1.2 1.2 1.3 14 - - -
current | & oscillators OFF
in Stop % Regulator in low-
mode | £ |powermode, all | 1.1 | 12 | 1.2 12 | 13 | 14 - - -
o .
= | oscillators OFF
[]
Supply | € |LSION and
current <| \WDG ON 1.5 1.6 1.7 1.8 1.9 2.0 - - -
in >D
Standoy I.‘\,?D%Fg;:d 1 110 14 | 11 [ 12]12] - | - -
mode

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 Ipp and Ippp).

46/106
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Table 27. Typical current consumption, code executing from Flash memory,
running from HSE 8 MHz crystal

Typical run mode Typical Sleep mode unit
SOt parameter | L | Peripheral| ooy oy | Peripheral | ooy |
s disabled s disabled
48MHz 20.2 12.3 111 2.9
36 MHz 15.3 9.5 8.4 24
32 MHz 13.6 8.6 7.5 2.2
24 MHz 10.5 6.7 59 1.8
o ff;ﬁ:rfigtD 16 MHz 7.2 4.7 4.1 1.4 "
supply 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
48MHz 155
36 MHz 117
32 MHz 105
24 MHz 83
Current 16 MHz 60
'ooA frc;Tg:,?fA 8 MHz 2.2 uA
4 MHz 2.2
2 MHz 2.2
1 MHz 2.2
500 kHz 2.2

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 1/0Os 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: 1/O static characteristics.

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

estimate the current consumption.

Additional 1/0 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

DocID025743 Rev 5
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Electrical characteristics STM32F031x4 STM32F031x6

Table 28. Switching output I/O current consumption

Symbol Parameter Conditions® fréﬁ;%%“(?g ) Typ Unit
sw
4 MHz 0.07
8 MHz 0.15
VDD|OX =33V
C=Cnt 16 MHz 0.31
24 MHz 0.53
48 MHz 0.92
4 MHz 0.18
Vopios = 33V 8 MHz 0.37
Cexq =0 pF 16 MHz 0.76
C=Cinr * Cext* Cs 24 MHz 1.39
48 MHz 2.188
4 MHz 0.32
Vopio =33V 8 MHz 0.64
Cexr = 10 pF 16 MHz 1.25
C=Cint * Cext* Cs 24 MHz 2.23
1/0 current 48 MHz 4.442
lsw consumption mA
4 MHz 0.49
Vopiox = 3-3 V 8 MHz 0.94
Cext =22 pF
C = G + Cagr# e 16 MHz 2.38
24 MHz 3.99
4 MHz 0.64
Vopiox = 3.3V 8 MHz 1.25
Cext =33 pF
C= G+ Coxrt Cs 16 MHz 3.24
24 MHz 5.02
VDD|OX = 33 V 4 MHz 081
Cexr =47 pF 8 MHz 1.7
C=Cint * Cextt Cs
C =Ciy 16 MHz 3.67
4 MHz 0.66
VDDIOX =24V
Cext = 47 pF 8 MHz 1.43
C=Cint * Cextt Cs 16 MHz 245
C = Cint 24 MHz 4.97
1. Cg =7 pF (estimated value).
50/106 DoclD025743 Rev 5 "_l
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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 /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
BusMatrix(") 3.8
DMA1 6.3
SRAM 0.7
Flash memory interface 15.2
CRC 1.61
AB GPIOA 9.4 HAMKz
GPIOB 11.6
GPIOC 1.9
GPIOF 0.8
All AHB peripherals 47.5

DocID025743 Rev 5
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Table 40. Flash memory endurance and data retention

Symbol Parameter Conditions Min®) Unit
Nenp | Endurance Tp=-40to +105 °C 10 kcycle
1 keycle® at T, = 85 °C 30
tReT Data retention 1 keycle® at Tp=105°C 10 Year
10 keycle® at T, = 55 °C 20

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

2. Cycling performed over the whole temperature range.

6.3.11 EMC characteristics

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

Functional EMS (electromaghnetic susceptibility)

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

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

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

A device reset allows normal operations to be resumed.

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

Table 41. EMS characteristics

Level/

Symbol Parameter Conditions
Class

Vpp = 3.3V, LQFP48, Ty = +25 °C,
fHCLK =48 MHZ, 2B
conforming to IEC 61000-4-2

Fast transient voltage burst limits to be Vpp = 3.3V, LQFP48, T = +25°C,
VEFTB applled through 100 pF on VDD and VSS fHCLK =48 MHz, 4B
pins to induce a functional disturbance conforming to IEC 61000-4-4

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

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.

3
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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 Vo /Vop)-

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:

e The sum of the currents sourced by all the I/Os on Vpp oy, plus the maximum
consumption of the MCU sourced on Vpp, cannot exceed the absolute maximum rating
Zlypp (see Table 15: Voltage characteristics).

e  The sum of the currents sunk by all the I/Os on Vgg, plus the maximum consumption of
the MCU sunk on Vgg, cannot exceed the absolute maximum rating =lygg (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(?)

Symbol Parameter Conditions Min Max | Unit
VoL Output low level voltage for an I/O pin CMOS port(z) - 0.4
. ] “IOl =8 mA V
Vou Output high level voltage for an 1/O pin Vbpiox 2 2.7 V Vppiox—0-4 -
VoL Output low level voltage for an 1/0 pin TTL port® - 0.4
. . lliol =8 mA v
VoH Output high level voltage for an 1/O pin Vppiox 22.7 V 24 -
Vo ® | Output low level voltage for an I/0 pin lliol = 20 mA - 1.3 v
Vou® | Output high level voltage for an I/O pin Vbpiox 22.7 V Vopiox—1-3 -
VOL(3) Output low level voltage for an I/O pin o = 6 mA - 0.4 v
X ) lol=om
Vou® | Output high level voltage for an I/0 pin Vppiox—0-4 -
[liol =20 mA
@3) | Output low level voltage for an FTf I/O pin in vV >27V } 0.4 v
VoLFm+™ | Fm+ mode DDIOx = =
[liol =10 mA - 0.4 \

1. The |, 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 1/Os (1/O ports and control pins) must always
respect the absolute maximum ratings ZI|O.

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

Data based on characterization results. Not tested in production.

3
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Table 58. I°C analog filter characteristics®

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

1. Guaranteed by design, not tested in production.

Spikes with widths below tar(min) are filtered.

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

SPI/I?S characteristics

Unless otherwise specified, the parameters given in Table 59 for SPI or in Table 60 for 12S
are derived from tests performed under the ambient temperature, fpc| ky frequency and
supply voltage conditions summarized in Table 18: General operating conditions.

Refer to Section 6.3.14: 1/0 port characteristics for more details on the input/output alternate
function characteristics (NSS, SCK, MOSI, MISO for SPI and WS, CK, SD for IZS).

Table 59. SPI characteristics®

Symbol Parameter Conditions Min Max Unit
Master mode - 18
] fsck SPI clock frequency MHz
Nte(sck) Slave mode - 18
tsck) | SPI clockrise and fall Capacitive load: C = 15 pF - 6 ns
tf(SCK) time
tsuNss) NSS setup time Slave mode 4Tpclk -
thnss) NSS hold time Slave mode 2Tpclk + 10 -
bw(SCKH) | SCK high and low time | M2Ster mode, fpcik = 36 MHz, Tpclk/2 2 | Tpclk/2 + 1
tW(SCKL) presc =4
t Master mode 4 -
su(MI) Data input setup time
tsu(si) Slave mode 5 -
thown) Master mode 4 -
Data input hold time ns
thesiy Slave mode 5 -
ta(SO)(z) Data output access time | Slave mode, fpg k = 20 MHz 0 3Tpclk
tdis(SO)(3) Data output disable time | Slave mode 0 18
ty(so) Data output valid time Slave mode (after enable edge) - 22.5
tymo) Data output valid time Master mode (after enable edge) - 6
th(so) Slave mode (after enable edge) 11.5 -
Data output hold time
thvo) Master mode (after enable edge) 2 -
DuCy(SCK) csj‘li'ysc'?zﬁa'”p“t clock 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. 1°S master timing diagram (Philips protocol)

CPOL=0

CK output

CPOL =1

WS output \'
et tV(SD_MT) e pith(SD_MT)

SDtransmit >< LSB transmit(2)>< M$B transmit Bitn transmit

tsu(SD_MR) h(SD_MR)
SDreceive >< LSB receive(2) [ MSB receive Bitn receive LSB receive

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

LSB transmit

MSv39720V1

byte.
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Table 63. UFQFPN32 package mechanical data

millimeters inches®
Symbol
Min Typ Max Min Typ Max
A 0.500 0.550 0.600 0.0197 0.0217 0.0236
A1l 0.000 0.020 0.050 0.0000 0.0008 0.0020
A3 - 0.152 - - 0.0060 -
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
1. Values in inches are converted from mm and rounded to 4 decimal digits.
Figure 38. Recommended footprint for UFQFPN32 package
< 5.30
< 3.80 >
A
JUOOUOD:
] | ]
] sas— | [
5.30 —] — 3.80
] ]
L 3.45 | L
3 0.50 3
0 30'+_ l i 7
. A
"~ ponoooong_ i
A A
< 3.80 >
AOB8_FP_V2
1. Dimensions are expressed in millimeters.
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1. Values in inches are converted from mm and rounded to 4 decimal digits.

Figure 41. Recommended footprint for UFQFPN28 package

3.30

0.50

\
3.30

AOBO_FP_V3

1. Dimensions are expressed in millimeters.
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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

Product W
identification = TT—_|
\\‘
031LGuH

Date code | Revision code

Y| WW
Dot — ]
(pin 1 identifier) _}O

MS38397V1

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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1.7.2

Note:
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Selecting the product temperature range

When ordering the microcontroller, the temperature range is specified in the ordering
information scheme shown in Section 8: 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 Tp,4x = 80 °C (measured according to JESD51-2),
IpDmax = 50 MA, Vpp = 3.5V, maximum 20 |/Os used at the same time in output at low
level with I, =8 mA, Vo = 0.4 V and maximum 8 I/Os used at the same time in output
at low level with 1. =20 mA, Vo = 1.3V

PI\NTmax = 90 mA x 3.5 V=175 mW

Plomax=20 %8 MAx0.4V+8x20mAx 13V =272 mW
This gives: Pytmax = 175 mW and Pigmax = 272 mW:
Pbmax = 175 + 272 = 447 mW

Using the values obtained in Table 68 Ty, is calculated as follows:
— For LQFP48, 55 °C/W
Tymax =80 °C + (55°C/W x 447 mW) = 80 °C + 24.585 °C = 104.585 °C

This is within the range of the suffix 6 version parts (—40 < T; < 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).

With this given I:)Dmax we can find the TAmax allowed for a given device temperature range (order code suffix
6 or 7).
Suffix 6: Tamax = TImax - (55°C/W x 447 mW) = 105-24.585 = 80.415 °C

SUffix 7: Tamax = Timax - (55°C/W x 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 T ; remains within the
specified range.
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IMPORTANT NOTICE — PLEASE READ CAREFULLY

STMicroelectronics NV and its subsidiaries (“ST”) reserve the right to make changes, corrections, enhancements, modifications, and
improvements to ST products and/or to this document at any time without notice. Purchasers should obtain the latest relevant information on
ST products before placing orders. ST products are sold pursuant to ST’s terms and conditions of sale in place at the time of order
acknowledgement.

Purchasers are solely responsible for the choice, selection, and use of ST products and ST assumes no liability for application assistance or
the design of Purchasers’ products.

No license, express or implied, to any intellectual property right is granted by ST herein.

Resale of ST products with provisions different from the information set forth herein shall void any warranty granted by ST for such product.

ST and the ST logo are trademarks of ST. All other product or service names are the property of their respective owners.

Information in this document supersedes and replaces information previously supplied in any prior versions of this document.

© 2017 STMicroelectronics — All rights reserved
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