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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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STM32F031x4 STM32F031x6 Pinouts and pin description

Table 11. Pin definitions (continued)

Pin number Pin functions
o
. (] =]
N | @ |5 | o Pin name o =
IN|2|2 8 S | (function upon | 2 E Notes "
a oo ||y c = . Additional
(TR I VI I R S O reset) T 2 Alternate functions :
ololo|lo|S8|la o functions
e A A @ =
S| >
PF1-OSC_OUT
6 3 3 3 |B5| 3 N /O | FT - - OSC_OuT
(PF1)
7 4 4 4 lc5] 4 NRST 1o |RsT ) Device reset input / internal reset output
(active low)
8 23? 0®) 23? I(Eg,1) ?35) VSSA S - Analog ground
9 5 5 5 |D5| 5 VDDA S - Analog power supply
ADC_INO
TIM2_CH1_ETR -
10| 6 6 6 |B4| 6 PAO /O | TTa - US /-(RT 1 _CTS, RTC_TAMP2,
- WKUP1
TIM2_CH2,
1M 7 7 7 |C4| 7 PA1 /O | TTa - EVENTOUT, ADC_IN1
USART1_RTS
TIM2_CHS3,
12| 8 8 8 |D4| 8 PA2 /O | TT - - ADC_IN2
/ @ USART1_TX -
TIM2_CH4
131 9 9 9 |E5| 9 PA3 /O | TT - - ' ADC_IN
/ @ USART1_RX -IN3
SPI1_NSS,
12S1_WS,
14 | 10 [ 10 | 10 | B3 | 1 PA4 | TT. - - ADC_IN4
0 0 0 3110 /0 a TIM14_CH1, C_
USART1_CK
SPI1_SCK,
5 11|11 |11 ]C3| N PA5 /O | TTa - 12S1_CK, ADC_IN5
TIM2_CH1_ETR
SPI1_MISO,
12S1_MCK,
TIM3_CH1,
16 |12 |12 |12 | D3 | 12 PA6 /0O | TTa - TIM1_BKIN, ADC_IN6
TIM16_CH1,
EVENTOUT
1S7 DoclD025743 Rev 5 27/106
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Memory mapping

5 Memory mapping

To the difference of STM32F031x6 memory map in Figure 9, the two bottom code memory
spaces of STM32F031x4 end at 0x0000 3FFF and 0x0800 3FFF, respectively.

Figure 9. STM32F031x6 memory map
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3
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STM32F031x4 STM32F031x6

Electrical characteristics

6.1.6

Caution:

3

Power supply scheme

Figure 12.

Power supply scheme

1.65-3.6V

2 x 100 nF
+1x4.7 uF

Vear
LI )
. LSE, RTC,
X Wake-up logic
- Power switch
Voo Vcore
2xVpp L.~ | |\ | [ TTTTTTITTmTmmTTE
eo r“ r Regulator—>:
1
VDD|O1 :
Kernel logic
(CPU, Digital
& Memories)
Y
DDA VDDA
10 nF E VREF+ | ADC »  Analog:
VREF- » (RCs, PLL, ...)
Vssa

MSv35501V1

Each power supply pair (Vpp/Vss, Vppa/Vssa etc.) must be decoupled with filtering ceramic
capacitors as shown above. These capacitors must be placed as close as possible to, or
below, the appropriate pins on the underside of the PCB to ensure the good functionality of

the device.

DocID025743 Rev 5
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STM32F031x4 STM32F031x6 Electrical characteristics

6.3 Operating conditions
6.3.1 General operating conditions
Table 18. General operating conditions
Symbol Parameter Conditions Min Max Unit
fucLk Internal AHB clock frequency - 0 48 MH
z
fecLk Internal APB clock frequency - 0 48
Vpp Standard operating voltage - 2.0 3.6 \
Analog operating voltage vV, 3.6
(ADC not used) Must have a potential equal pb
Vooa : to or higher than V v
Analog operating voltage 9 DD 24 36
(ADC used) ' '
Vear Backup operating voltage - 1.65 3.6 \%
TC and RST I/O -0.3 VDD|0X+O'3
TTa I/O 0.3 | Vppa+0.3(M
VN I/0 input voltage \Y
FT and FTf /O 0.3 5.5(1)
BOOTO 0 55
LQFP48 - 364
UFQFPN32 - 526
Power dissipation at Ty =85 °C || QFP32 - 357
Py for suffix 6 or Ty = 105 °C for mwW
suffix 7@ UFQFPN28 - 169
WLCSP25 - 267
TSSOP20 - 182
Ambient temperature for the Maximum power dissipation -40 85 o
. suffix 6 version Low power dissipation(®) —40 105
A
Ambient temperature for the Maximum power dissipation -40 105 oc
suffix 7 version Low power dissipation(® -40 125
Suffix 6 version -40 105
Ty Junction temperature range °C
Suffix 7 version —40 125

For operation with a voltage higher than Vpp o + 0.3 V, the internal pull-up resistor must be disabled.
2. If Ty is lower, higher Pp values are allowed as long as T does not exceed T 4« See Section 7.7: Thermal characteristics.

In low power dissipation state, Ty can be extended to this range as long as T does not exceed T 2 (S€€ Section 7.7:
Thermal characteristics).

6.3.2 Operating conditions at power-up / power-down

The parameters given in Table 19 are derived from tests performed under the ambient
temperature condition summarized in Table 18.

3
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Electrical characteristics

STM32F031x4 STM32F031x6

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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Electrical characteristics STM32F031x4 STM32F031x6

Table 29. Peripheral current consumption (continued)

Peripheral Typical consumption at 25 °C Unit
APB-Bridge @) 2.6
SYSCFG 1.7
ADC ) 4.2
TIMA1 171
SPI1 9.6
USART1 17.4
TIM16 8.2
TIM17 8.0
APB MA/MHz
DBG (MCU Debug Support) 0.5
TIM2 17.4
TIM3 12.8
TIM14 6.0
WWDG 1.5
12C1 5.1
PWR 1.2
All APB peripherals 110.9

1. The BusMatrix automatically is active when at least one master is ON (CPU or DMA1).
2. The APBx Bridge is automatically active when at least one peripheral is ON on the same Bus.

3. The power consumption of the analog part (Ippa) of peripherals such as ADC is not included. Refer to the
tables of characteristics in the subsequent sections.

3
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Electrical characteristics STM32F031x4 STM32F031x6

1. Guaranteed by design, not tested in production.

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

tw(HSEH?

VHSEH

VHSEL

-~y

i m —
tr(HSE) »+e- > tsE) tw(HSEL)

MS19214V2

Low-speed external user clock generated from an external source
In bypass mode the LSE oscillator is switched off and the input pin is a standard GPIO.

The external clock signal has to respect the I/O characteristics in Section 6.3.14. However,
the recommended clock input waveform is shown in Figure 15.

Table 32. Low-speed external user clock characteristics

Symbol Parameter(® Min Typ Max Unit
fLsE ext | User external clock source frequency - 32.768 1000 kHz
Visen |OSC32_IN input pin high level voltage | 0.7 Vppox - Vopiox v
Vi seL |OSC32_IN input pin low level voltage Vss - 0.3 Vpplox
fw(LSEH) 0SC32_IN high or low time 450 - -
tw(LsEL)
ns
t(LSE) | 0SC32 IN rise or fall time ; ; 50
tiLsE)

1. Guaranteed by design, not tested in production.

Figure 15. Low-speed external clock source AC timing diagram

MS19215V2
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High-speed internal 14 MHz (HSI14) RC oscillator (dedicated to ADC)

Table 36. HSI14 oscillator characteristics®

Symbol Parameter Conditions Min Typ Max | Unit
fusi14 Frequency - - 14 - MHz
TRIM HSI14 user-trimming step - - - 1@ %

DuCy(nsi14) | Duty cycle - 450) - 55@) | %
To=-40t0105°C | —-4.20) | - | 510) | o

ACCiisiia Accuracy of the HSI14 TA=-10t085°C |-320)| - 3160 1 %
oscillator (factory calibrated) To=0t070°C _2.5(3) _ 2.3() %

Tp=25°C -1 - 1 %

tsusiia) | HSI14 oscillator startup time - 1) - 2@ | pus
IDDA(HSI14) ?f:;:rr?;ﬁgl: for power - - 100 | 150 | pA

1. Vppa =3.3V, Ty =—-40 to 105 °C unless otherwise specified.
2. Guaranteed by design, not tested in production.

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

Figure 19. HSI14 oscillator accuracy characterization results

5% == MAX

4% \ e MIN

3% \

2% \

N \ , M

N——
0% . . . i . . . TAl’Cl
40 20 0 20 40 60 80 100 120

-1%
. / \
ol / \

4% \‘I-

-5%
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STM32F031x4 STM32F031x6 Electrical characteristics

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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Figure 28. SPI timing diagram - master mode

High

NSS input

[ CcPHA=0
CPOL=0

CPHA=0
CPOL=1

SCK Output

[ CPHA=1
CPOL=0

CPHA=1

SCK Output

tw(SCKH t
e R S e—— | T oc)
MISO . : -
NP UT X wmsan: X BreiN ' X tssin X
T i = ]
:4— th(M')—N :
Mos! X mMsBouT ' X BIT1OUT | X tssoutr X
OUTPUT ; ,
ty(MO) +e— th(MO) e
ai14136¢
1. Measurement points are done at CMOS levels: 0.3 Vpp and 0.7 Vpp.
Table 60. I2S characteristics(®)
Symbol Parameter Conditions Min Max Unit
o e e e o 10085 M0 157 | o1
oo I°S clock frequency q Yy MHz
o(CK) Slave mode 0 6.5
tick) IS clock rise time - 10
Capacitive load C| = 15 pF
trck) 1S clock fall time - 12
tw(CkH) IS clock high time Master fpc k= 16 MHz, audio 306 -
tw(ckL) IS clock low time frequency = 48 kHz 312 -
ns
tyws) WS valid time Master mode 2 -
thws) WS hold time Master mode 2 -
tsuws) WS setup time Slave mode 7 -
thows) WS hold time Slave mode 0 -
2 .
DUCy(SCK) 'Cysclse'a"e input clock duty | o016 mode 25 75 %

78/106
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Package information

3

Figure 37. UFQFPN32 package outline

D
I
|
D1
° |
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P c
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D c
= a
7
ANNANNNAAN IC
32 !
D2 L

PIN 1 Identifier

\

A
Y
} Q| ddd |C]
A1
A2
SEATING
PLANE

AOB8_ME_V2

Drawing is not to scale.

All leads/pads should also be soldered to the PCB to improve the lead/pad solder joint life.
There is an exposed die pad on the underside of the UFQFPN package. This pad is used for the device

ground and must be connected. It is referred to as pin 0 in Table: Pin definitions.

DoclD025743 Rev 5
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STM32F031x4 STM32F031x6

88/106

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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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 39. UFQFPN32 package marking example

Product 1
identification ———— | | N F D 3 1' K I:.

Date code

Revision code

Standard ST logo [ 4|

Pin 1 identifier
710

MS38396V1

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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Table 65. WLCSP25 package mechanical data (continued)

millimeters inches®
Symbol
Min Typ Max Min Typ Max
aaa - 0.100 - - 0.0039 -
bbb - 0.100 - - 0.0039 -
cce - 0.100 - - 0.0039 -
ddd - 0.050 - - 0.0020 -
eee - 0.050 - - 0.0020 -
1. Values in inches are converted from mm and rounded to 4 decimal digits.
2. Back side coating.
3. Dimension is measured at the maximum bump diameter parallel to primary datum Z.
4. Primary datum Z and seating plane are defined by the spherical crowns of the bump.
Figure 44. Recommended footprint for WLCSP25 package
00000 | orx
00000 | ™"
WLCSP25_AO1N_FP_V1
Table 66. WLCSP25 recommended PCB design rules
Dimension Recommended values
Pitch 0.4 mm
Dpad 0.225 mm
0.290 mm typ. (depends on the soldermask
Dsm . .
registration tolerance)
Stencil opening 0.250 mm
Stencil thickness 0.100 mm
94/106 DoclD025743 Rev 5 Kys
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7.6

96/106

TSSOP20 package information

TSSOP20 is a 20-lead thin shrink small-outline, 6.5 x 4.4 mm, 0.65 mm pitch, package.

Figure 46. TSSOP20 package outline
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1. Drawing is not to scale.

Table 67. TSSOP20 package mechanical data

millimeters inches®
Symbol
Min. Typ. Max. Min. Typ. Max.

A - - 1.200 - - 0.0472
A1 0.050 - 0.150 0.0020 - 0.0059
A2 0.800 1.000 1.050 0.0315 0.0394 0.0413
b 0.190 - 0.300 0.0075 - 0.0118
c 0.090 - 0.200 0.0035 - 0.0079
D@ 6.400 6.500 6.600 0.2520 0.2559 0.2598
E 6.200 6.400 6.600 0.2441 0.2520 0.2598
E10) 4.300 4.400 4.500 0.1693 0.1732 0.1772

e - 0.650 - - 0.0256 -
L 0.450 0.600 0.750 0.0177 0.0236 0.0295

L1 - 1.000 - - 0.0394 -
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1.7.2

Note:

100/106

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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