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3.8 Direct memory access controller (DMA)

The 5-channel general-purpose DMAs manage memory-to-memory, peripheral-to-memory 
and memory-to-peripheral transfers.

The DMA supports circular buffer management, removing the need for user code 
intervention when the controller reaches the end of the buffer.

Each channel is connected to dedicated hardware DMA requests, with support for software 
trigger on each channel. Configuration is made by software and transfer sizes between 
source and destination are independent.

DMA can be used with the main peripherals: SPIx, I2Sx, I2Cx, USARTx, all TIMx timers 
(except TIM14) and ADC.

3.9 Interrupts and events

3.9.1 Nested vectored interrupt controller (NVIC)

The STM32F0xx family embeds a nested vectored interrupt controller able to handle up to 
32 maskable interrupt channels (not including the 16 interrupt lines of Cortex®-M0) and 4 
priority levels.

• Closely coupled NVIC gives low latency interrupt processing

• Interrupt entry vector table address passed directly to the core

• Closely coupled NVIC core interface

• Allows early processing of interrupts

• Processing of late arriving higher priority interrupts

• Support for tail-chaining

• Processor state automatically saved

• Interrupt entry restored on interrupt exit with no instruction overhead

This hardware block provides flexible interrupt management features with minimal interrupt 
latency.

3.9.2 Extended interrupt/event controller (EXTI)

The extended interrupt/event controller consists of 24 edge detector lines used to generate 
interrupt/event requests and wake-up the system. Each line can be independently 
configured to select the trigger event (rising edge, falling edge, both) and can be masked 
independently. A pending register maintains the status of the interrupt requests. The EXTI 
can detect an external line with a pulse width shorter than the internal clock period. Up to 39 
GPIOs can be connected to the 16 external interrupt lines.

3.10 Analog-to-digital converter (ADC)

The 12-bit analog-to-digital converter has up to 16 external and 3 internal (temperature 
sensor, voltage reference, VBAT voltage measurement) channels and performs conversions 
in single-shot or scan modes. In scan mode, automatic conversion is performed on a 
selected group of analog inputs.

The ADC can be served by the DMA controller.
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3.11 Timers and watchdogs

The STM32F031x4/x6 devices include up to five general-purpose timers and an advanced 
control timer.

Table 5 compares the features of the different timers.

          

3.11.1 Advanced-control timer (TIM1)

The advanced-control timer (TIM1) can be seen as a three-phase PWM multiplexed on six 
channels. It has complementary PWM outputs with programmable inserted dead times. It 
can also be seen as a complete general-purpose timer. The four independent channels can 
be used for:

• input capture

• output compare

• PWM generation (edge or center-aligned modes)

• one-pulse mode output

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

The counter can be frozen in debug mode.

Many features are shared with those of the standard timers which have the same 
architecture. The advanced control timer can therefore work together with the other timers 
via the Timer Link feature for synchronization or event chaining.

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

There are five synchronizable general-purpose timers embedded in the STM32F031x4/x6 
devices (see Table 5 for differences). Each general-purpose timer can be used to generate 
PWM outputs, or as simple time base.

Table 5. Timer feature comparison 

Timer 
type

Timer
Counter 

resolution
Counter 

type
Prescaler 

factor

DMA 
request 

generation

Capture/compare 
channels

Complementary
outputs

Advanced 
control

TIM1 16-bit
Up, down, 
up/down

integer from 
1 to 65536

Yes 4 3

General 
purpose

TIM2 32-bit
Up, down, 
up/down

integer from 
1 to 65536

Yes 4 -

 TIM3 16-bit
Up, down, 
up/down

integer from 
1 to 65536

Yes 4 -

TIM14 16-bit Up
integer from 
1 to 65536

No 1 -

TIM16 
TIM17

16-bit Up
integer from 
1 to 65536

Yes 1 1
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17 13 13 13 E4 13 PA7 I/O TTa -

SPI1_MOSI,

I2S1_SD, 

TIM3_CH2,

TIM14_CH1,

TIM1_CH1N,

TIM17_CH1,

EVENTOUT

ADC_IN7

18 14 14 14 E3 - PB0 I/O TTa -

TIM3_CH3,

TIM1_CH2N,

EVENTOUT

ADC_IN8

19 15 15 15 E2 14 PB1 I/O TTa -

TIM3_CH4,

TIM14_CH1,

TIM1_CH3N

ADC_IN9

20 - 16 - - - PB2 I/O FT (4) - -

21 - - - - - PB10 I/O FTf -
 TIM2_CH3,

I2C1_SCL
-

22 - - - - - PB11 I/O FTf -

TIM2_CH4,

EVENTOUT,

I2C1_SDA

-

23 16 0 16 E1 15 VSS S - - Ground

24 17 17 17 D1 16 VDD S - - Digital power supply

25 - - - - - PB12 I/O FT -

TIM1_BKIN,

EVENTOUT,

SPI1_NSS

-

26 - - - - - PB13 I/O FT -
 TIM1_CH1N,

SPI1_SCK
-

27 - - - - - PB14 I/O FT -
TIM1_CH2N,

SPI1_MISO
-

28 - - - - - PB15 I/O FT -
TIM1_CH3N,

SPI1_MOSI
RTC_REFIN

29 18 18 18 D2 - PA8 I/O FT -

USART1_CK,

TIM1_CH1,

EVENTOUT,

MCO

-

Table 11. Pin definitions (continued)

Pin number

Pin name 
(function upon 

reset) P
in

 t
yp

e

I/O
 s

tr
u

ct
u

re

Notes

 Pin functions

L
Q

F
P

4
8

L
Q

F
P

3
2

U
F

Q
F

P
N

3
2

U
F

Q
F

P
N

2
8

W
L

C
S

P
25

T
S

S
O

P
20

Alternate functions
Additional 
functions
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6.1.7 Current consumption measurement

Figure 13. Current consumption measurement scheme
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6.2 Absolute maximum ratings

Stresses above the absolute maximum ratings listed in Table 15: Voltage characteristics, 
Table 16: Current characteristics and Table 17: Thermal characteristics may cause 
permanent damage to the device. These are stress ratings only and functional operation of 
the device at these conditions is not implied. Exposure to maximum rating conditions for 
extended periods may affect device reliability.

           

Table 15. Voltage characteristics(1) 

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

Symbol Ratings Min Max Unit

VDD–VSS External main supply voltage - 0.3 4.0 V

VDDA–VSS External analog supply voltage - 0.3 4.0 V

VDD–VDDA Allowed voltage difference for VDD > VDDA - 0.4 V

VBAT–VSS External backup supply voltage - 0.3 4.0 V

VIN
(2)

2. VIN maximum must always be respected. Refer to Table 16: Current characteristics for the maximum 
allowed injected current values. 

Input voltage on FT and FTf pins VSS - 0.3 VDDIOx + 4.0(3) 

3. Valid only if the internal pull-up/pull-down resistors are disabled. If internal pull-up or pull-down resistor is 
enabled, the maximum limit is 4 V. 

V

Input voltage on TTa pins VSS - 0.3 4.0 V

BOOT0 0 9.0 V

Input voltage on any other pin VSS - 0.3 4.0 V

|∆VDDx| Variations between different VDD power pins - 50 mV

|VSSx - VSS|
Variations between all the different ground 
pins

- 50 mV

VESD(HBM)
Electrostatic discharge voltage 
(human body model)

see Section 6.3.12: Electrical 
sensitivity characteristics

-
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6.3.4 Embedded reference voltage

The parameters given in Table 22 are derived from tests performed under the ambient 
temperature and supply voltage conditions summarized in Table 18: General operating 
conditions.

           

6.3.5 Supply current characteristics

The current consumption is a function of several parameters and factors such as the 
operating voltage, ambient temperature, I/O pin loading, device software configuration, 
operating frequencies, I/O pin switching rate, program location in memory and executed 
binary code.

The current consumption is measured as described in Figure 13: Current consumption 
measurement scheme.

All Run-mode current consumption measurements given in this section are performed with a 
reduced code that gives a consumption equivalent to CoreMark code.

VPVD6 PVD threshold 6
Rising edge 2.66 2.78 2.9 V

Falling edge 2.56 2.68 2.8 V

VPVD7 PVD threshold 7
Rising edge 2.76 2.88 3 V

Falling edge 2.66 2.78 2.9 V

VPVDhyst
(1) PVD hysteresis - - 100 - mV

IDD(PVD) PVD current consumption - - 0.15 0.26(1) µA

1. Guaranteed by design, not tested in production.

Table 21. Programmable voltage detector characteristics (continued)

Symbol Parameter Conditions Min Typ Max Unit

Table 22. Embedded internal reference voltage

Symbol Parameter Conditions Min Typ Max Unit

VREFINT Internal reference voltage –40 °C < TA < +105 °C 1.2 1.23 1.25 V

tSTART
ADC_IN17 buffer startup 
time

- - - 10(1) µs

tS_vrefint

ADC sampling time when 
reading the internal 
reference voltage

- 4(1)

1. Guaranteed by design, not tested in production.

- - µs

∆VREFINT

Internal reference voltage 
spread over the 
temperature range

VDDA = 3 V - - 10(1) mV

TCoeff Temperature coefficient - - 100(1) - 100(1) ppm/°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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Low-speed internal (LSI) RC oscillator

          

6.3.9 PLL characteristics

The parameters given in Table 38 are derived from tests performed under ambient 
temperature and supply voltage conditions summarized in Table 18: General operating 
conditions.

          

6.3.10 Memory characteristics

Flash memory

The characteristics are given at TA = –40 to 105 °C unless otherwise specified.

          

Table 37. LSI oscillator characteristics(1)

1. VDDA = 3.3 V, TA = –40 to 105 °C unless otherwise specified.

Symbol Parameter Min Typ Max Unit

fLSI Frequency 30 40 50 kHz 

tsu(LSI)
(2)

2. Guaranteed by design, not tested in production.

LSI oscillator startup time - - 85 µs

IDDA(LSI)
(2) LSI oscillator power consumption - 0.75 1.2 µA

Table 38. PLL characteristics 

Symbol Parameter
Value

Unit
Min Typ Max

fPLL_IN

PLL input clock(1)

1. Take care to use the appropriate multiplier factors to obtain PLL input clock values compatible with the 
range defined by fPLL_OUT.

1(2) 8.0 24(2) MHz

PLL input clock duty cycle 40(2) - 60(2) %

fPLL_OUT PLL multiplier output clock 16(2) - 48 MHz

tLOCK PLL lock time - - 200(2)

2. Guaranteed by design, not tested in production.

µs

JitterPLL Cycle-to-cycle jitter - - 300(2) ps

Table 39. Flash memory characteristics

Symbol Parameter  Conditions Min Typ Max(1)

1. Guaranteed by design, not tested in production.

Unit

tprog 16-bit programming time TA = - 40 to +105 °C 40 53.5 60 µs

tERASE Page (1 KB) erase time TA = - 40 to +105 °C 20 - 40 ms

tME Mass erase time TA = - 40 to +105 °C 20 - 40 ms

IDD Supply current 
Write mode - - 10 mA

Erase mode - - 12 mA
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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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6.3.14 I/O port characteristics

General input/output characteristics

Unless otherwise specified, the parameters given in Table 46 are derived from tests 
performed under the conditions summarized in Table 18: General operating conditions. All 
I/Os are designed as CMOS- and TTL-compliant (except BOOT0).

Table 45. I/O current injection susceptibility 

Symbol Description

Functional 
susceptibility

Unit
Negative 
injection

Positive 
injection

IINJ

Injected current on BOOT0 –0 NA 

mAInjected current on all FT and FTf pins –5 NA

Injected current on all TTa, TC and RESET pins –5 +5

Table 46. I/O static characteristics 

Symbol Parameter Conditions Min Typ Max Unit

VIL
Low level input 
voltage

TC and TTa I/O - - 0.3 VDDIOx+0.07(1)

V

FT and FTf I/O - - 0.475 VDDIOx–0.2(1)

BOOT0 - - 0.3 VDDIOx–0.3(1)

All I/Os except 
BOOT0 pin

- - 0.3 VDDIOx

VIH
High level input 
voltage

TC and TTa I/O 0.445 VDDIOx+0.398(1) - -

V

FT and FTf I/O 0.5 VDDIOx+0.2(1) - -

BOOT0 0.2 VDDIOx+0.95(1) - -

All I/Os except 
BOOT0 pin

0.7 VDDIOx - -

Vhys
Schmitt trigger 
hysteresis

TC and TTa I/O - 200(1) -

mVFT and FTf I/O - 100(1) -

BOOT0 - 300(1) -

Ilkg
Input leakage 
current(2)

TC, FT and FTf I/O 
TTa in digital mode 
VSS  ≤ VIN  ≤ VDDIOx

- - ± 0.1

µA

TTa in digital mode 
VDDIOx  ≤ VIN  ≤ VDDA

- - 1

TTa in analog mode 
VSS  ≤ VIN  ≤ VDDA

- - ± 0.2

FT and FTf I/O 
VDDIOx  ≤ VIN  ≤ 5 V

- - 10
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Input/output AC characteristics

The definition and values of input/output AC characteristics are given in Figure 22 and 
Table 48, respectively. Unless otherwise specified, the parameters given are derived from 
tests performed under the ambient temperature and supply voltage conditions summarized 
in Table 18: General operating conditions.

          

Table 48. I/O AC characteristics(1)(2) 

1. The I/O speed is configured using the OSPEEDRx[1:0] bits. Refer to the STM32F0xxxx RM0091 reference 
manual for a description of GPIO Port configuration register.

2. Guaranteed by design, not tested in production.

OSPEEDRy 
[1:0] 

value(1)
Symbol Parameter Conditions Min Max Unit

x0

fmax(IO)out Maximum frequency(3)

3. The maximum frequency is defined in Figure 22.

CL = 50 pF

- 2 MHz

tf(IO)out Output fall time - 125
ns

tr(IO)out Output rise time - 125

01

fmax(IO)out Maximum frequency(3)

CL = 50 pF

- 10 MHz

tf(IO)out Output fall time - 25
ns

tr(IO)out Output rise time - 25

11

fmax(IO)out Maximum frequency(3)

CL = 30 pF, VDDIOx ≥ 2.7 V - 50

MHzCL = 50 pF, VDDIOx ≥ 2.7 V - 30

CL = 50 pF, VDDIOx < 2.7 V - 20

tf(IO)out Output fall time

CL = 30 pF, VDDIOx ≥ 2.7 V - 5

ns

CL = 50 pF, VDDIOx ≥ 2.7 V - 8

CL = 50 pF, VDDIOx < 2.7 V - 12

tr(IO)out Output rise time

CL = 30 pF, VDDIOx ≥ 2.7 V - 5

CL = 50 pF, VDDIOx ≥ 2.7 V - 8

CL = 50 pF, VDDIOx < 2.7 V - 12

Fm+ 
configuration

(4)

4. When Fm+ configuration is set, the I/O speed control is bypassed. Refer to the STM32F0xxxx reference 
manual RM0091 for a detailed description of Fm+ I/O configuration.

fmax(IO)out Maximum frequency(3)

CL = 50 pF

- 2 MHz

tf(IO)out Output fall time - 12
ns

tr(IO)out Output rise time - 34

- tEXTIpw

Pulse width of external 
signals detected by 
the EXTI controller

- 10 - ns
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Equation 1: RAIN max formula

The formula above (Equation 1) is used to determine the maximum external impedance 
allowed for an error below 1/4 of LSB. Here N = 12 (from 12-bit resolution).

          

WLATENCY
(2)(4) ADC_DR register ready 

latency

ADC clock = HSI14
1.5 ADC 

cycles + 2 
fPCLK cycles

-
1.5 ADC 

cycles + 3 
fPCLK cycles

-

ADC clock = PCLK/2 - 4.5 -
fPCLK
cycle

ADC clock = PCLK/4 - 8.5 -
fPCLK
cycle

tlatr
(2) Trigger conversion latency

fADC = fPCLK/2 = 14 MHz 0.196 µs

fADC = fPCLK/2 5.5 1/fPCLK

fADC = fPCLK/4 = 12 MHz 0.219 µs

fADC = fPCLK/4 10.5 1/fPCLK

fADC = fHSI14 = 14 MHz 0.179 - 0.250 µs

JitterADC
ADC jitter on trigger 
conversion

fADC = fHSI14 - 1 - 1/fHSI14 

tS
(2) Sampling time

fADC = 14 MHz 0.107 - 17.1 µs

- 1.5 - 239.5 1/fADC

tSTAB
(2) Stabilization time - 14 1/fADC

tCONV
(2) Total conversion time 

(including sampling time)

fADC = 14 MHz, 
12-bit resolution

1 - 18 µs

12-bit resolution
14 to 252 (tS for sampling +12.5 for 
successive approximation)

1/fADC

1. During conversion of the sampled value (12.5 x ADC clock period), an additional consumption of 100 µA on IDDA and 60 µA 
on IDD should be taken into account.

2. Guaranteed by design, not tested in production.

3. Specified value includes only ADC timing. It does not include the latency of the register access.

4. This parameter specify latency for transfer of the conversion result to the ADC_DR register. EOC flag is set at this time.

Table 50. ADC characteristics (continued)

Symbol Parameter  Conditions Min Typ Max Unit

RAIN

TS

fADC CADC 2
N 2+( )ln××

---------------------------------------------------------------- RADC–<

Table 51. RAIN max for fADC = 14 MHz 

Ts (cycles) tS (µs) RAIN max (kΩ)(1)

1.5 0.11 0.4

7.5 0.54 5.9

13.5 0.96 11.4
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Figure 29. I2S slave timing diagram (Philips protocol)

1. Measurement points are done at CMOS levels: 0.3 × VDDIOx and 0.7 × VDDIOx.

2. LSB transmit/receive of the previously transmitted byte. No LSB transmit/receive is sent before the first 
byte.

tsu(SD_MR) 
Data input setup time

Master receiver  6 -

ns

tsu(SD_SR) Slave receiver 2 -

th(SD_MR)
(2)

Data input hold time
Master receiver  4 -

th(SD_SR)
(2) Slave receiver 0.5 -

tv(SD_MT)
(2)

Data output valid time
Master transmitter -  4

tv(SD_ST)
(2) Slave transmitter - 20

th(SD_MT)
Data output hold time

Master transmitter 0 -

th(SD_ST) Slave transmitter 13 -

1. Data based on design simulation and/or characterization results, not tested in production.

2. Depends on fPCLK. For example, if fPCLK = 8 MHz, then TPCLK = 1/fPLCLK = 125 ns.

Table 60. I2S characteristics(1) (continued)

Symbol Parameter Conditions Min Max Unit
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Figure 32. Recommended footprint for LQFP48 package

1. Dimensions are expressed in millimeters.

Table 61. LQFP48 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  -  - 1.600  -  - 0.0630

A1 0.050  - 0.150 0.0020 - 0.0059

A2 1.350 1.400 1.450 0.0531 0.0551 0.0571

b 0.170 0.220 0.270 0.0067 0.0087 0.0106

c 0.090  - 0.200 0.0035 - 0.0079

D 8.800 9.000 9.200 0.3465 0.3543 0.3622

D1 6.800 7.000 7.200 0.2677 0.2756 0.2835

D3  - 5.500  -  - 0.2165 - 

E 8.800 9.000 9.200 0.3465 0.3543 0.3622

E1 6.800 7.000 7.200 0.2677 0.2756 0.2835

E3  - 5.500  -  - 0.2165  -

e  - 0.500  -  - 0.0197  -

L 0.450 0.600 0.750 0.0177 0.0236 0.0295

L1  - 1.000  -  - 0.0394  -

k 0° 3.5° 7° 0° 3.5° 7°

ccc - - 0.080 - - 0.0031
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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

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.



Package information STM32F031x4 STM32F031x6 

90/106 DocID025743 Rev 5

7.4 UFQFPN28 package information

UFQFPN28 is a 28-lead, 4x4 mm, 0.5 mm pitch, ultra-thin fine-pitch quad flat package.

Figure 40. UFQFPN28 package outline

1. Drawing is not to scale.

Table 64. UFQFPN28 package mechanical data(1) 

Symbol
millimeters inches

Min Typ Max Min Typ Max

A 0.500 0.550 0.600 0.0197 0.0217 0.0236

A1 - 0.000 0.050 - 0.0000 0.0020

D 3.900 4.000 4.100 0.1535 0.1575 0.1614

D1 2.900 3.000 3.100 0.1142 0.1181 0.1220

E 3.900 4.000 4.100 0.1535 0.1575 0.1614

E1 2.900 3.000 3.100 0.1142 0.1181 0.1220

L 0.300 0.400 0.500 0.0118 0.0157 0.0197

L1 0.250 0.350 0.450 0.0098 0.0138 0.0177

T  - 0.152  -  - 0.0060  -

b 0.200 0.250 0.300 0.0079 0.0098 0.0118

e  - 0.500  -  - 0.0197 -
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7.5 WLCSP25 package information

WLCSP25 is a 25-ball, 2.423 x 2.325 mm, 0.4 mm pitch wafer level chip scale package.

Figure 43. WLCSP25 package outline

1. Drawing is not to scale.

          

Table 65. WLCSP25 package mechanical data 

 Symbol
millimeters inches(1)

Min Typ Max Min Typ Max

A 0.525 0.555 0.585 0.0207 0.0219 0.0230

A1 - 0.175 - - 0.0069 -

A2 - 0.380 - - 0.0150 -

A3(2) - 0.025 - - 0.0010 -

b(3) (4) 0.220 0.250 0.280 0.0087 0.0098 0.0110

D 2.388 2.423 2.458 0.0940 0.0954 0.0968

E 2.29 2.325 2.36 0.0902 0.0915 0.0929

e - 0.400 - - 0.0157 -

e1 - 1.600 - - 0.0630 -

e2 - 1.600 - - 0.0630 -

F - 0.4115 - - 0.0162 -

G - 0.3625 - - 0.0143 -
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16-Dec-2015
4

(continued)

– Section 6.3.16: 12-bit ADC characteristics - changed 
introductory sentence

– Table 60: I2S characteristics: table reorganized, 
tv(SD_ST) max value updated

Section 7: Package information:

– Figure 41: Recommended footprint for UFQFPN28 
package updated

Section 8: Part numbering:

– added tray packing to options

06-Jan-2017 5

Section 6: Electrical characteristics:

– Table 34: LSE oscillator characteristics (fLSE = 32.768 
kHz) - information on configuring different drive 
capabilities removed. See the corresponding 
reference manual.

– Table 22: Embedded internal reference voltage - 
VREFINT values

– Figure 26: SPI timing diagram - slave mode and 
CPHA = 0 and Figure 27: SPI timing diagram - slave 
mode and CPHA = 1 enhanced and corrected

Section 8: Ordering information:

– The name of the section changed from the previous 
“Part numbering”

Table 70. Document revision history (continued)

Date Revision Changes


