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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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Table 2. STM32F051xx family device features and peripheral count 

Peripheral STM32F051Kx STM32F051T8 STM32F051Cx STM32F051Rx

Flash memory (Kbyte) 16 32 64 64 16 32 64 16 32 64

SRAM (Kbyte) 8

Timers

Advanced 
control

1 (16-bit)

General 
purpose

5 (16-bit)
1 (32-bit) 

Basic 1 (16-bit)

Comm. 
interfaces

SPI [I2S](1) 1 [1](2) 1 [1](2) 1 [1](2) 2 [1] 2 [1]

I2C 1(3) 1(3) 1(3) 2 1(3) 2

USART 1(4) 2 2 1(4) 2 1(4) 2

CEC 1

12-bit ADC 
(number of channels)

1
(10 ext. + 3 int.)

1
(16 ext. + 3 int.)

12-bit DAC
(number of channels)

1

(1)

Analog comparator 2

GPIOs
25 (on LQFP32)

27 (on UFQFPN32)
29 39 55

Capacitive sensing channels
13 (on LQFP32)

14 (on UFQFPN32)
14 17 18

Max. CPU frequency 48 MHz

Operating voltage 2.0 to 3.6 V

Operating temperature
Ambient operating temperature: -40°C to 85°C / -40°C to 105°C

Junction temperature: -40°C to 105°C / -40°C to 125°C

Packages
LQFP32

UFQFPN32
WLCSP36

LQFP48

UFQFPN48

LQFP64

UFBGA64

1. The SPI1 interface can be used either in SPI mode or in I2S audio mode.

2. SPI2 is not present.

3. I2C2 is not present.

4. USART2 is not present.
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3 Functional overview

Figure 1 shows the general block diagram of the STM32F051xx devices.

3.1 ARM®-Cortex®-M0 core

The ARM® Cortex®-M0 is a generation of ARM 32-bit RISC processors for embedded 
systems. It has been developed to provide a low-cost platform that meets the needs of MCU 
implementation, with a reduced pin count and low-power consumption, while delivering 
outstanding computational performance and an advanced system response to interrupts.

The ARM® Cortex®-M0 processors feature exceptional code-efficiency, delivering the high 
performance expected from an ARM core, with memory sizes usually associated with 8- and 
16-bit devices.

The STM32F051xx devices embed ARM core and are compatible with all ARM tools and 
software.

3.2 Memories

The device has the following features:

• 8 Kbytes of embedded SRAM accessed (read/write) at CPU clock speed with 0 wait 
states and featuring embedded parity checking with exception generation for fail-critical 
applications.

• The non-volatile memory is divided into two arrays:

– 16 to 64 Kbytes of embedded Flash memory for programs and data

– Option bytes

The option bytes are used to write-protect the memory (with 4 KB granularity) and/or 
readout-protect the whole memory with the following options:

– Level 0: no readout protection

– Level 1: memory readout protection, the Flash memory cannot be read from or 
written to if either debug features are connected or boot in RAM is selected

– Level 2: chip readout protection, debug features (Cortex®-M0 serial wire) and 
boot in RAM selection disabled

3.3 Boot modes

At startup, the boot pin and boot selector option bit are used to select one of the three boot 
options:

• boot from User Flash memory

• boot from System Memory

• boot from embedded SRAM

The boot loader is located in System Memory. It is used to reprogram the Flash memory by 
using USART on pins PA14/PA15 or PA9/PA10.
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Figure 2. Clock tree

3.7 General-purpose inputs/outputs (GPIOs)

Each of the GPIO pins can be configured by software as output (push-pull or open-drain), as 
input (with or without pull-up or pull-down) or as peripheral alternate function. Most of the 
GPIO pins are shared with digital or analog alternate functions.
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3.10.3 VBAT battery voltage monitoring

This embedded hardware feature allows the application to measure the VBAT battery voltage 
using the internal ADC channel ADC_IN18. As the VBAT voltage may be higher than VDDA, 
and thus outside the ADC input range, the VBAT pin is internally connected to a bridge 
divider by 2. As a consequence, the converted digital value is half the VBAT voltage.

3.11 Digital-to-analog converter (DAC)

The 12-bit buffered DAC channels can be used to convert digital signals into analog voltage 
signal outputs. The chosen design structure is composed of integrated resistor strings and 
an amplifier in non-inverting configuration.

This digital Interface supports the following features:

• Left or right data alignment in 12-bit mode

• Synchronized update capability

• DMA capability 

• External triggers for conversion

Five DAC trigger inputs are used in the device. The DAC is triggered through the timer 
trigger outputs and the DAC interface is generating its own DMA requests.

3.12 Comparators (COMP)

The device embeds two fast rail-to-rail low-power comparators with programmable 
reference voltage (internal or external), hysteresis and speed (low speed for low power) and 
with selectable output polarity.

The reference voltage can be one of the following:

• External I/O

• DAC output pins

• Internal reference voltage or submultiple (1/4, 1/2, 3/4).Refer to Table 24: Embedded 
internal reference voltage for the value and precision of the internal reference voltage.

Both comparators can wake up from STOP mode, generate interrupts and breaks for the 
timers and can be also combined into a window comparator.

3.13 Touch sensing controller (TSC)

The STM32F051xx devices provide a simple solution for adding capacitive sensing 
functionality to any application. These devices offer up to 18 capacitive sensing channels 
distributed over 6 analog I/O groups.

Capacitive sensing technology is able to detect the presence of a finger near a sensor which 
is protected from direct touch by a dielectric (glass, plastic...). The capacitive variation 
introduced by the finger (or any conductive object) is measured using a proven 
implementation based on a surface charge transfer acquisition principle. It consists in 
charging the sensor capacitance and then transferring a part of the accumulated charges 
into a sampling capacitor until the voltage across this capacitor has reached a specific 
threshold. To limit the CPU bandwidth usage, this acquisition is directly managed by the 
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3.14 Timers and watchdogs

The STM32F051xx devices include up to six general-purpose timers, one basic timer and 
an advanced control timer.

Table 7 compares the features of the different timers.

          

3.14.1 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.

Table 7. 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 -

TIM15 16-bit Up
integer from 
1 to 65536

Yes 2 1

TIM16
TIM17

16-bit Up
integer from 
1 to 65536

Yes 1 1

Basic TIM6 16-bit Up
integer from 
1 to 65536

Yes - -
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7 E1 7 D5 4 4 NRST I/O RST -
Device reset input / internal reset output 

(active low)

8 E3 - - - - PC0 I/O TTa - EVENTOUT ADC_IN10

9 E2 - - - - PC1 I/O TTa - EVENTOUT ADC_IN11

10 F2 - - - - PC2 I/O TTa - EVENTOUT ADC_IN12

11 G1 - - - - PC3 I/O TTa - EVENTOUT ADC_IN13

12 F1 8 D6 16 0 VSSA S - (3) Analog ground

13 H1 9 E5 5 5 VDDA S - - Analog power supply

14 G2 10 F6 6 6 PA0 I/O TTa -

USART2_CTS,
TIM2_CH1_ETR,

COMP1_OUT,
TSC_G1_IO1

ADC_IN0,
COMP1_INM6,
RTC_TAMP2,

WKUP1

15 H2 11 D4 7 7 PA1 I/O TTa -

USART2_RTS,
TIM2_CH2,

TSC_G1_IO2,
EVENTOUT

ADC_IN1,
COMP1_INP

16 F3 12 E4 8 8 PA2 I/O TTa -

USART2_TX,
TIM2_CH3,

TIM15_CH1,
COMP2_OUT,
TSC_G1_IO3

ADC_IN2,
COMP2_INM6

17 G3 13 F5 9 9 PA3 I/O TTa -

USART2_RX,
TIM2_CH4,

TIM15_CH2,
TSC_G1_IO4

ADC_IN3,
COMP2_INP

18 C2 - - - - PF4 I/O FT - EVENTOUT -

19 D2 - - - - PF5 I/O FT - EVENTOUT -

20 H3 14 C3 10 10 PA4 I/O TTa -

SPI1_NSS,
I2S1_WS,

USART2_CK,
TIM14_CH1,
TSC_G2_IO1

ADC_IN4,
COMP1_INM4,
COMP2_INM4,

DAC_OUT1

21 F4 15 D3 11 11 PA5 I/O TTa -

SPI1_SCK,
I2S1_CK, CEC,

TIM2_CH1_ETR,
TSC_G2_IO2

ADC_IN5, 
COMP1_INM5, 
COMP2_INM5

Table 13. Pin definitions (continued)

Pin number

Pin name 
(function upon 

reset) P
in

 t
yp

e

I/O
 s

tr
u

ct
u

re

N
o

te
s

 Pin functions

L
Q

F
P

64

U
F

B
G

A
6

4

L
Q

F
P

48
/U

F
Q

F
P

N
48

W
L

C
S

P
36

L
Q

F
P

32

U
F

Q
F

P
N

32
Alternate functions

Additional 
functions
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33 H8 25 - - - PB12 I/O FT (5)

SPI2_NSS,
TIM1_BKIN,

TSC_G6_IO2,
EVENTOUT

-

34 G8 26 - - - PB13 I/O FT (5)
SPI2_SCK,

TIM1_CH1N,
TSC_G6_IO3

-

35 F8 27 - - - PB14 I/O FT (5)

SPI2_MISO,
TIM1_CH2N,
TIM15_CH1,
TSC_G6_IO4

-

36 F7 28 - - - PB15 I/O FT (5)

SPI2_MOSI,
TIM1_CH3N,

TIM15_CH1N,
TIM15_CH2

RTC_REFIN

37 F6 - - - - PC6 I/O FT - TIM3_CH1 -

38 E7 - - - - PC7 I/O FT - TIM3_CH2 -

39 E8 - - - - PC8 I/O FT - TIM3_CH3 -

40 D8 - - - - PC9 I/O FT - TIM3_CH4 -

41 D7 29 E2 18 18 PA8 I/O FT -

USART1_CK,
TIM1_CH1,
EVENTOUT,

MCO

-

42 C7 30 D1 19 19 PA9 I/O FT -

USART1_TX,
TIM1_CH2,

TIM15_BKIN,
TSC_G4_IO1

-

43 C6 31 C1 20 20 PA10 I/O FT -

USART1_RX,
TIM1_CH3,

TIM17_BKIN,
TSC_G4_IO2

-

44 C8 32 C2 21 21 PA11 I/O FT -

USART1_CTS,
TIM1_CH4,

COMP1_OUT,
TSC_G4_IO3,
EVENTOUT

-

Table 13. Pin definitions (continued)

Pin number

Pin name 
(function upon 

reset) P
in

 t
yp

e

I/O
 s

tr
u

ct
u

re

N
o

te
s

 Pin functions

L
Q

F
P

64

U
F

B
G

A
6

4

L
Q

F
P

48
/U

F
Q

F
P

N
48
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F
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Alternate functions

Additional 
functions
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45 B8 33 A1 22 22 PA12 I/O FT -

USART1_RTS,
TIM1_ETR,

COMP2_OUT,
TSC_G4_IO4,
EVENTOUT

-

46 A8 34 B1 23 23
PA13

(SWDIO)
I/O FT (6) IR_OUT,

SWDIO
-

47 D6 35 - - - PF6 I/O FT - I2C2_SCL -

48 E6 36 - - - PF7 I/O FT - I2C2_SDA -

49 A7 37 B2 24 24
PA14

(SWCLK)
I/O FT (6) USART2_TX,

SWCLK
-

50 A6 38 A2 25 25 PA15 I/O FT -

SPI1_NSS,
I2S1_WS,

USART2_RX,
TIM2_CH1_ETR,

EVENTOUT

-

51 B7 - - - - PC10 I/O FT - -

52 B6 - - - - PC11 I/O FT - -

53 C5 - - - - PC12 I/O FT - -

54 B5 - - - - PD2 I/O FT - TIM3_ETR -

55 A5 39 B3 26 26 PB3 I/O FT -

SPI1_SCK,
I2S1_CK,

TIM2_CH2,
TSC_G5_IO1,
EVENTOUT

-

56 A4 40 A3 27 27 PB4 I/O FT -

SPI1_MISO,
I2S1_MCK,
TIM3_CH1,

TSC_G5_IO2,
EVENTOUT

-

57 C4 41 E6 28 28 PB5 I/O FT -

SPI1_MOSI,
I2S1_SD,

I2C1_SMBA,
TIM16_BKIN,

TIM3_CH2

-

Table 13. Pin definitions (continued)

Pin number

Pin name 
(function upon 

reset) P
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Table 15. Alternate functions selected through GPIOB_AFR registers for port B 

Pin name AF0 AF1 AF2 AF3

PB0 EVENTOUT TIM3_CH3 TIM1_CH2N TSC_G3_IO2

PB1 TIM14_CH1 TIM3_CH4 TIM1_CH3N TSC_G3_IO3

PB2 TSC_G3_IO4

PB3 SPI1_SCK, I2S1_CK EVENTOUT TIM2_CH2 TSC_G5_IO1

PB4 SPI1_MISO, I2S1_MCK TIM3_CH1 EVENTOUT TSC_G5_IO2

PB5 SPI1_MOSI, I2S1_SD TIM3_CH2 TIM16_BKIN I2C1_SMBA

PB6 USART1_TX I2C1_SCL TIM16_CH1N TSC_G5_IO3

PB7 USART1_RX I2C1_SDA TIM17_CH1N TSC_G5_IO4

PB8 CEC I2C1_SCL TIM16_CH1 TSC_SYNC

PB9 IR_OUT I2C1_SDA TIM17_CH1 EVENTOUT

PB10 CEC I2C2_SCL TIM2_CH3 TSC_SYNC

PB11 EVENTOUT I2C2_SDA TIM2_CH4 TSC_G6_IO1

PB12 SPI2_NSS EVENTOUT TIM1_BKIN TSC_G6_IO2

PB13 SPI2_SCK TIM1_CH1N TSC_G6_IO3

PB14 SPI2_MISO TIM15_CH1 TIM1_CH2N TSC_G6_IO4

PB15 SPI2_MOSI TIM15_CH2 TIM1_CH3N TIM15_CH1N
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Table 18. 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 17: 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 54: 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 19. Thermal characteristics

Symbol Ratings  Value Unit

TSTG Storage temperature range –65 to +150 °C

TJ Maximum junction temperature 150 °C
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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 48: 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 29. Typical current consumption, code executing from Flash memory, 
 running from HSE 8 MHz crystal 

Symbol Parameter fHCLK

Typical consumption in 
Run mode

 Typical consumption in 
Sleep mode

Unit
Peripherals 

enabled
Peripherals 

disabled
Peripherals 

enabled
Peripherals 

disabled

IDD

Current 
consumption 

from VDD 
supply

 48 MHz 23.2 13.3 13.2 3.1

mA

 36 MHz 17.6 10.3 10.1 2.6

 32 MHz 15.6 9.3 9.0 2.4

 24 MHz 12.1 7.4 7.0 2.0

 16 MHz 8.4 5.1 5.0 1.6

 8 MHz 4.5 3.0 2.8 1.1

 4 MHz 2.8 2.0 2.0 1.1

 2 MHz 1.9 1.5 1.5 1.0

 1 MHz 1.5 1.3 1.3 1.0

 500 kHz 1.2 1.2 1.1 1.0

IDDA

Current 
consumption 
from VDDA 

supply

 48 MHz 151

μA

 36 MHz 113

 32 MHz 101

 24 MHz 79

 16 MHz 57

 8 MHz 2.2

 4 MHz 2.2

 2 MHz 2.2

 1 MHz 2.2

 500 kHz 2.2
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On-chip peripheral current consumption

The current consumption of the on-chip peripherals is given in Table 31. 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 17: 
Voltage characteristics

Table 31. Peripheral current consumption 

Peripheral Typical consumption at 25 °C Unit

AHB

BusMatrix(1) 5

µA/MHz

DMA1 7

SRAM 1

Flash memory interface 14

CRC 2

GPIOA 9

GPIOB 12

GPIOC 2

GPIOD 1

GPIOF 1

TSC 6

All AHB peripherals 55
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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 43. 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 42. 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 43. 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, LQFP64, 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, LQFP64, TA = +25°C,  
fHCLK = 48 MHz, 
conforming to IEC 61000-4-4

4B
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Software recommendations

The software flowchart must include the management of runaway conditions such as:

• Corrupted program counter

• Unexpected reset

• Critical Data corruption (for example control registers)

Prequalification trials

Most of the common failures (unexpected reset and program counter corruption) can be 
reproduced by manually forcing a low state on the NRST pin or the Oscillator pins for 1 
second.

To complete these trials, ESD stress can be applied directly on the device, over the range of 
specification values. When unexpected behavior is detected, the software can be hardened 
to prevent unrecoverable errors occurring (see application note AN1015).

Electromagnetic Interference (EMI)

The electromagnetic field emitted by the device are monitored while a simple application is 
executed (toggling 2 LEDs through the I/O ports). This emission test is compliant with 
IEC 61967-2 standard which specifies the test board and the pin loading.

          

6.3.12 Electrical sensitivity characteristics

Based on three different tests (ESD, LU) using specific measurement methods, the device is 
stressed in order to determine its performance in terms of electrical sensitivity.

Electrostatic discharge (ESD)

Electrostatic discharges (a positive then a negative pulse separated by 1 second) are 
applied to the pins of each sample according to each pin combination. The sample size 
depends on the number of supply pins in the device (3 parts × (n+1) supply pins). This test 
conforms to the JESD22-A114/C101 standard.

Table 44. EMI characteristics

Symbol Parameter Conditions
Monitored

frequency band

Max vs. [fHSE/fHCLK]
Unit

8/48 MHz

SEMI Peak level

VDD = 3.6 V, TA = 25 °C, 
LQFP64 package 
compliant with  
IEC 61967-2

0.1 to 30 MHz -3

dBµV30 to 130 MHz 28

130 MHz to 1 GHz 23

EMI Level 4 -
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28.5 2.04 25.2

41.5 2.96 37.2

55.5 3.96 50

71.5 5.11 NA

239.5 17.1 NA

1. Guaranteed by design, not tested in production.

Table 53. RAIN max for fADC = 14 MHz (continued)

Ts (cycles) tS (µs) RAIN max (kΩ)(1)

Table 54. ADC accuracy(1)(2)(3)

Symbol Parameter Test conditions Typ Max(4) Unit

ET Total unadjusted error

fPCLK = 48 MHz, 
fADC = 14 MHz, RAIN < 10 kΩ

VDDA = 3 V to 3.6 V

TA = 25 °C

±1.3 ±2

LSB

EO Offset error ±1 ±1.5

EG Gain error ±0.5 ±1.5

ED Differential linearity error ±0.7 ±1

EL Integral linearity error ±0.8 ±1.5

ET Total unadjusted error

fPCLK = 48 MHz, 
fADC = 14 MHz, RAIN < 10 kΩ

VDDA = 2.7 V to 3.6 V

TA = - 40 to 105 °C

±3.3 ±4

LSB

EO Offset error ±1.9 ±2.8

EG Gain error ±2.8 ±3

ED Differential linearity error ±0.7 ±1.3

EL Integral linearity error ±1.2 ±1.7

ET Total unadjusted error

fPCLK = 48 MHz, 
fADC = 14 MHz, RAIN < 10 kΩ

VDDA = 2.4 V to 3.6 V

TA = 25 °C

±3.3 ±4

LSB

EO Offset error ±1.9 ±2.8

EG Gain error ±2.8 ±3

ED Differential linearity error ±0.7 ±1.3

EL Integral linearity error ±1.2 ±1.7

1. ADC DC accuracy values are measured after internal calibration.

2. ADC Accuracy vs. Negative Injection Current: Injecting negative current on any of the standard (non-robust) analog input 
pins should be avoided as this significantly reduces the accuracy of the conversion being performed on another analog 
input. It is recommended to add a Schottky diode (pin to ground) to standard analog pins which may potentially inject 
negative current.  
Any positive injection current within the limits specified for IINJ(PIN) and ΣIINJ(PIN) in Section 6.3.14 does not affect the ADC 
accuracy.

3. Better performance may be achieved in restricted VDDA, frequency and temperature ranges.

4. Data based on characterization results, not tested in production.
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6.3.17 DAC electrical specifications

          

Table 55. DAC characteristics 

Symbol Parameter Min Typ Max Unit Comments

VDDA
Analog supply voltage for 
DAC ON

2.4 - 3.6 V -

RLOAD
(1) Resistive load with buffer 

ON

5 - - kΩ Load connected to VSSA

25 - - kΩ Load connected to VDDA

RO
(1) Impedance output with 

buffer OFF
- - 15 kΩ

When the buffer is OFF, the 
Minimum resistive load between 
DAC_OUT and VSS to have a 
1% accuracy is 1.5 MΩ

CLOAD
(1) Capacitive load - - 50 pF

Maximum capacitive load at 
DAC_OUT pin (when the buffer 
is ON).

DAC_OUT 
min(1)

Lower DAC_OUT voltage 
with buffer ON

0.2 - - V

It gives the maximum output 
excursion of the DAC.

It corresponds to 12-bit input 
code (0x0E0) to (0xF1C) at 
VDDA = 3.6 V and (0x155) and 
(0xEAB) at VDDA = 2.4 V

DAC_OUT 
max(1)

Higher DAC_OUT voltage 
with buffer ON

- - VDDA – 0.2 V

DAC_OUT 
min(1)

Lower DAC_OUT voltage 
with buffer OFF

- 0.5 - mV
It gives the maximum output 
excursion of the DAC.DAC_OUT 

max(1)
Higher DAC_OUT voltage 
with buffer OFF

- - VDDA – 1LSB V

IDDA
(1)

DAC DC current 
consumption in quiescent 
mode(2)

- - 600 µA
With no load, middle code 
(0x800) on the input

- - 700 µA
With no load, worst code 
(0xF1C) on the input

DNL(3)
Differential non linearity 
Difference between two 
consecutive code-1LSB)

- - ±0.5 LSB
Given for the DAC in 10-bit 
configuration

- - ±2 LSB
Given for the DAC in 12-bit 
configuration 

INL(3)

Integral non linearity 
(difference between 
measured value at Code i 
and the value at Code i on a 
line drawn between Code 0 
and last Code 1023)

- - ±1 LSB
Given for the DAC in 10-bit 
configuration 

- - ±4 LSB
Given for the DAC in 12-bit 
configuration

Offset(3)

Offset error

(difference between 
measured value at Code 
(0x800) and the ideal value 
= VDDA/2)

- - ±10 mV -

- - ±3 LSB
Given for the DAC in 10-bit at 
VDDA = 3.6 V

- - ±12 LSB
Given for the DAC in 12-bit at 
VDDA = 3.6 V
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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 51. LQFP32 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.

7.7 UFQFPN32 package information

UFQFPN32 is a 32-pin, 5x5 mm, 0.5 mm pitch ultra-thin fine-pitch quad flat package.
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Figure 52. UFQFPN32 package outline

1. Drawing is not to scale.

2. All leads/pads should also be soldered to the PCB to improve the lead/pad solder joint life.

3. 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.
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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 54. 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.


