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STM32F051x4 STM32F051x6 STM32F051x8 Introduction

1 Introduction

This datasheet provides the ordering information and mechanical device characteristics of
the STM32F051xx 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
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Functional overview STM32F051x4 STM32F051x6 STM32F051x8

hardware touch sensing controller and only requires few external components to operate.
For operation, one capacitive sensing GPIO in each group is connected to an external
capacitor and cannot be used as effective touch sensing channel.

The touch sensing controller is fully supported by the STMTouch touch sensing firmware
library, which is free to use and allows touch sensing functionality to be implemented reliably
in the end application.

Table 5. Capacitive sensing GPIOs available on STM32F051xx devices

TSC_G1_l01 PAO TSC_G4 101 PA9
TSC_G1_102 PA1 TSC_G4 102 PA10
1 TSC_G1_103 PA2 4 TSC_G4 103 PA11
TSC_G1_104 PA3 TSC_G4_104 PA12
TSC_G2_I01 PA4 TSC_G5_101 PB3
TSC_G2_102 PA5 TSC_G5_102 PB4
2 TSC_G2_103 PAG ° TSC_G5_103 PB6
TSC_G2_104 PA7 TSC_G5_104 PB7
TSC_G3_101 PC5 TSC_G6_lO1 PB11
TSC_G3 102 PBO TSC_G6_102 PB12
° TSC_G3_103 PB1 ° TSC_G6_103 PB13
TSC_G3_104 PB2 TSC_G6_104 PB14

Table 6. Effective number of capacitive sensing channels on STM32F051xx

Number of capacitive sensing channels
Analog I/O group
STM32F051KxU | STM32F051KxT
STM32F051Rx | STM32F051Cx | STM32F051Tx (UFQFPN32) (LQFP32)
G1 3 3 3 3 3
G2 3 3 3 3 3
G3 3 2 2 2 1
G4 3 3 3 3 3
G5 3 3 3 3 3
G6 3 3 0 0 0
Numbgr of capacitive 18 17 14 14 13
sensing channels
20/122 DoclD022265 Rev 7 Kys
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3.14.5

3.14.6

3.15

3

can be used either as a watchdog to reset the device when a problem occurs, or as a free
running timer for application timeout management. It is hardware or software configurable
through the option bytes. The counter can be frozen in debug mode.

System window watchdog (WWDG)

The system window watchdog is based on a 7-bit downcounter that can be set as free
running. It can be used as a watchdog to reset the device when a problem occurs. It is
clocked from the APB clock (PCLK). It has an early warning interrupt capability and the
counter can be frozen in debug mode.

SysTick timer

This timer is dedicated to real-time operating systems, but could also be used as a standard
down counter. It features:

e  a 24-bit down counter

e autoreload capability

e maskable system interrupt generation when the counter reaches 0

e  programmable clock source (HCLK or HCLK/8)

Real-time clock (RTC) and backup registers

The RTC and the five backup registers are supplied through a switch that takes power either
on Vpp supply when present or through the Vgt pin. The backup registers are five 32-bit
registers used to store 20 bytes of user application data when Vpp power is not present.
They are not reset by a system or power reset, or at wake up from Standby mode.

The RTC is an independent BCD timer/counter. Its main features are the following:

e calendar with subseconds, seconds, minutes, hours (12 or 24 format), week day, date,
month, year, in BCD (binary-coded decimal) format

e automatic correction for 28, 29 (leap year), 30, and 31 day of the month
e programmable alarm with wake up from Stop and Standby mode capability

e on-the-fly correction from 1 to 32767 RTC clock pulses. This can be used to
synchronize the RTC with a master clock

e digital calibration circuit with 1 ppm resolution, to compensate for quartz crystal
inaccuracy

e two anti-tamper detection pins with programmable filter. The MCU can be woken up
from Stop and Standby modes on tamper event detection

e timestamp feature which can be used to save the calendar content. This function can
be triggered by an event on the timestamp pin, or by a tamper event. The MCU can be
woken up from Stop and Standby modes on timestamp event detection

e reference clock detection: a more precise second source clock (50 or 60 Hz) can be
used to enhance the calendar precision

DoclD022265 Rev 7 23122
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3.18

3.19

3.20

26/122

Serial peripheral interface (SPI) / Inter-integrated sound
interface (12S)

Up to two SPIs are able to communicate up to 18 Mbit/s in slave and master modes in full-
duplex and half-duplex communication modes. The 3-bit prescaler gives 8 master mode
frequencies and the frame size is configurable from 4 bits to 16 bits.

One standard IS interface (multiplexed with SPI1) supporting four different audio standards
can operate as master or slave at half-duplex communication mode. It can be configured to
transfer 16 and 24 or 32 bits with 16-bit or 32-bit data resolution and synchronized by a
specific signal. Audio sampling frequency from 8 kHz up to 192 kHz can be set by an 8-bit
programmable linear prescaler. When operating in master mode, it can output a clock for an
external audio component at 256 times the sampling frequency.

Table 11. STM32F051xx SPI/I2S implementation

SPI features® SPI1 SPI2
Hardware CRC calculation X X
Rx/Tx FIFO X X
NSS pulse mode X X
1°S mode X -
Tl mode X X

1. X = supported.

High-definition multimedia interface (HDMI) - consumer
electronics control (CEC)

The device embeds a HDMI-CEC controller that provides hardware support for the
Consumer Electronics Control (CEC) protocol (Supplement 1 to the HDMI standard).

This protocol provides high-level control functions between all audiovisual products in an
environment. It is specified to operate at low speeds with minimum processing and memory
overhead. It has a clock domain independent from the CPU clock, allowing the HDMI_CEC
controller to wakeup the MCU from Stop mode on data reception.

Serial wire debug port (SW-DP)

An ARM SW-DP interface is provided to allow a serial wire debugging tool to be connected
to the MCU.

3
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Pinouts and pin descriptions STM32F051x4 STM32F051x6 STM32F051x8

Table 13. Pin definitions (continued)

Pin number Pin functions
[e0]
<t (0]
& o Pin name S 2 "
< ©
3|2 o ® | S| 2| (functionupon | 2 3 2 Additional
CSIE |||l c| 2 S | an te functi itional
L S|3|le | reset) a ernate functions functions
Slglz| 2|2 0
533 ) -
L
(@4
-
SPI2_NSS,
S R (5) TIM1_BKIN, i
33 | H8 | 25 PB12 /10| FT TSC_G6_102,
EVENTOUT
SPI2_SCK,
34|G8|26| - | - | - PB13 | FT | © TIM1_CH1N, -
TSC_G6_103
SPI2_MISO,
] 5) TIM1_CH2N, ]
35| F8 | 27 PB14 10| FT TIM15_CH1,
TSC_G6_104
SPI2_MOSI,
] 5) TIM1_CH3N,
36 | F7 | 28 PB15 /10| FT TIM15_CHIN, RTC_REFIN
TIM15_CH2
37 | F6 | - - - - PC6 10| FT - TIM3_CH1 -
38 | E7| - - - - PC7 10| FT - TIM3_CH2 -
39 | E8| - - - - PC8 10| FT - TIM3_CH3 -
40 (D8 | - - - - PC9 /10| FT - TIM3_CH4 -
USART1_CK,
TIM1_CHA,
41 |D7 |29 |E2| 18 | 18 PA8 /10| FT - EVENTOUT, -
MCO
USART1_TX,
TIM1_CH2,
42 (C7 |30 |D1|19 |19 PA9 /10| FT - TIM15_BKIN, -
TSC_G4_101
USART1_RX,
TIM1_CH3,
43 1C6 |31 |C1|20 |20 PA10 /10| FT - TIMA7_BKIN, -
TSC_G4 102
USART1_CTS,
TIM1_CH4,
44 1C8(32|C2|21 |21 PA11 /10| FT - COMP1_OUT, -
TSC_G4_|03,
EVENTOUT
34/122 DoclD022265 Rev 7 ‘Yl
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Table 16. STM32F051xx peripheral register boundary addresses

Bus Boundary address Size Peripheral
0x4800 1800 - 0x5FFF FFFF ~384 MB Reserved
0x4800 1400 - 0x4800 17FF 1 KB GPIOF
0x4800 1000 - 0x4800 13FF 1KB Reserved
0x4800 0C00 - 0x4800 OFFF 1 KB GPIOD

ARB2 0x4800 0800 - 0x4800 OBFF 1 KB GPIOC
0x4800 0400 - 0x4800 07FF 1 KB GPIOB
0x4800 0000 - 0x4800 03FF 1 KB GPIOA
0x4002 4400 - 0x47FF FFFF ~128 MB Reserved
0x4002 4000 - 0x4002 43FF 1 KB TSC
0x4002 3400 - 0x4002 3FFF 3 KB Reserved
0x4002 3000 - 0x4002 33FF 1 KB CRC
0x4002 2400 - 0x4002 2FFF 3 KB Reserved

AHBA1 0x4002 2000 - 0x4002 23FF 1 KB Flash memory interface
0x4002 1400 - 0x4002 1FFF 3 KB Reserved
0x4002 1000 - 0x4002 13FF 1 KB RCC
0x4002 0400 - 0x4002 OFFF 3 KB Reserved
0x4002 0000 - 0x4002 03FF 1 KB DMA
0x4001 8000 - 0x4001 FFFF 32 KB Reserved
0x4001 5C00 - 0x4001 7FFF 9 KB Reserved
0x4001 5800 - 0x4001 5BFF 1 KB DBGMCU
0x4001 4C00 - 0x4001 57FF 3 KB Reserved
0x4001 4800 - 0x4001 4BFF 1 KB TIM17
0x4001 4400 - 0x4001 47FF 1 KB TIM16
0x4001 4000 - 0x4001 43FF 1 KB TIM15
0x4001 3C00 - 0x4001 3FFF 1KB Reserved
0x4001 3800 - 0x4001 3BFF 1 KB USART1
0x4001 3400 - 0x4001 37FF 1KB Reserved
0x4001 3000 - 0x4001 33FF 1 KB SPI1/1281

APB 0x4001 2C00 - 0x4001 2FFF 1 KB TIM1
0x4001 2800 - 0x4001 2BFF 1KB Reserved
0x4001 2400 - 0x4001 27FF 1 KB ADC
0x4001 0800 - 0x4001 23FF 7 KB Reserved
0x4001 0400 - 0x4001 O7FF 1 KB EXTI
0x4001 0000 - 0x4001 O03FF 1 KB SYSCFG + COMP
0x4000 8000 - 0x4000 FFFF 32 KB Reserved
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6.1.7 Current consumption measurement

Figure 14. Current consumption measurement scheme

IDD_VBAT

( ) VBATEI:I

MS19213V1
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Table 25. Typical and maximum current consumption from Vpp at 3.6 V (continued)

All peripherals enabled All peripherals disabled
Symbol | Parameter | Conditions | fyc Max @ Tp® Max @ Tp® Unit
Typ Typ
25°C | 85°C | 105°C 25°C | 85°C | 105°C

HSE 48 MHz | 14.0 |15.3@| 153 | 16.0@ | 2.8 | 3.0@ | 3.0 | 3.2
bypass, |32MHz| 95 | 102 | 102 | 107 [20] 21 | 214 | 23
PLLon o MHz| 73 | 78 | 78 | 83 | 15| 17 | 17 | 19

HSE 8MHz | 26 | 2.9 29 3.0 06| 08 0.8 0.8
Supply bypass,
current in PLL off 1MHz | 04 | 0.6 0.6 0.6 02| 04 04 04

IDD mA
Sleep
mode 48 MHz | 14.0| 15.3 | 15.3 16.0 | 38| 4.0 41 4.2
HSIdlock, oo 2| 9.5 | 102 | 102 | 107 | 26| 27 | 28 | 28
PLL on
24 MHz| 73 | 7.8 7.8 8.3 20| 21 21 21
HSI clock,
PLL off 8MHz | 26 | 2.9 29 3.0 06| 08 0.8 0.8
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).
Table 26. Typical and maximum current consumption from the Vppa supply
VDDA:2.4V VDDA:3.6V
Symbol | Parameter Con(z1|§|ons fucLk Max @ T, Max @ To@ Unit
Typ Typ
25°C | 85°C |105°C 25°C | 85°C |105°C
HSE |48 MHz| 150 170@) | 178 | 1820) | 164 | 183) | 195 | 198C)
bypass, |32 MHz| 104 121 126 128 113 | 129 135 138
Suppl
oY | PEEOY ToaMiz| 82 | 96 | 100 | 103 | 88 | 102 | 106 | 108
Run or HSE 8MHz | 2.0 2.7 3.1 3.3 3.5 3.8 4.1 4.4
mode, PLL off 1MHz | 2.0 2.7 3.1 3.3 3.5 3.8 41 4.4
Ibpa code HA
executing 48 MHz | 220 | 240 248 252 | 244 | 263 275 278
from Flash | HSTclock, ooy 179747 191 | 196 | 198 | 193 | 200 | 215 | 218
memoryor | PLLon
RAM 24 MHz | 152 167 173 174 | 168 | 183 190 192
HSI clock,
PLL off 8MHz | 72 79 82 83 83.5 91 94 95

1. Current consumption from the Vppa supply is independent of whether the digital peripherals are enabled or disabled, being
in Run or Sleep mode or executing from Flash memory or RAM. Furthermore, when the PLL is off, Ippa is independent of
clock frequencies.

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

3. Data based on characterization results and tested in production (using one common test limit for sum of Ipp and Ippp).
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Table 27. Typical and maximum current consumption in Stop and Standby modes

Typ @Vpp (Vpp = Vppa) Max @)
Sg’g?' Eiﬁr Conditions Ta= | Ta= | Ta= | U™
A= | Ta=| Ta=
20V |(24V| 27V |30V |33V |36V 25°c | 85 °c | 105 °C
Regulator in run
Supply |mode, all oscillators | 15 | 5.1 | 153 | 155 | 157 | 16 | @ @
current | OFF
in Stop | Regulator in low-
mode | bower mode, al 32 | 33| 34 |35 |37| 4 | @ @
lop oscillators OFF

Supply |LSION and IWDG

current | ON 0.8 1.0 1.1 1.2 1.4 1.5 - - -

in
Stagdby ';'FOFFa”d'WDG 07 | 08| 09 | 10 | 11| 13 | 2@ | 25 | 3@
mode

Regulator in run

Supply mode, all 19 | 2 | 22 | 23 | 25 | 26 |35@| 35 | 452
oscillators OFF

current | Z

\ o)

in Stop 2 | Regulator in low-

mode | = |powermode,all | 1.9 | 2 | 22 | 23 | 25 | 26 |35@| 35 | 450
‘E | oscillators OFF HA
o

Supply | E |LSI ON and

curent | &|IWDG ON 23 | 25| 27 | 29 | 31| 33 | - ; ;

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 1.4 - - -

current | &= | oscillators OFF
in Stop % Regulator in low-
mode | £ |powermode, all | 1.1 | 12 | 1.2 12 | 13 | 14 - - -
o .
£ | oscillators OFF
o
Supply | € |LSION and
current | £/ IWDG ON 15 | 1.6 1.7 18 | 1.9 | 2.0 - - -
n d Sl O
Standby LS| OFF and ) ) }
S 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 Ipp and Ippp).

3
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Table 30. Switching output I/O current consumption

Symbol Parameter Conditions® fréﬁ;%%“(?g ) Typ Unit
sw
4 MHz 0.07
8 MHz 0.15
Vopiox = 3.3V
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
Vopion = 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).
56/122 DoclD022265 Rev 7 "_l
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1. Guaranteed by design, not tested in production.

Figure 15. 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 16.

Table 34. 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 16. Low-speed external clock source AC timing diagram

MS19215V2
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Note: For information on selecting the crystal, refer to the application note AN2867 “Oscillator
design guide for ST microcontrollers” available from the ST website www.st.com.

Figure 18. Typical application with a 32.768 kHz crystal

Resonator with integrated
capacitors
. Cu
* 32768 kHz Drive
—l::_—o 3 esonator programmable
1" amplifier
0SC32_0oUuT
MS30253Vv2
Note: An external resistor is not required between OSC32_IN and OSC32_OUT and it is forbidden
to add one.
6.3.8 Internal clock source characteristics

The parameters given in Table 37 are derived from tests performed under ambient
temperature and supply voltage conditions summarized in Table 20: General operating
conditions. The provided curves are characterization results, not tested in production.

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 17: 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 17: 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 20: General operating conditions. All I/Os are CMOS- and TTL-compliant (FT, TTa or
TC unless otherwise specified).

Table 49. 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 17:
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 62. 12C 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 63 for SPI or in Table 64 for 12S
are derived from tests performed under the ambient temperature, fpc| ky frequency and
supply voltage conditions summarized in Table 20: 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 63. 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

86/122
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Electrical characteristics

Table 64. I2S characteristics® (continued)

Symbol Parameter Conditions Min Max Unit
tsusb MR Master receiver 6 -
Su(SD_MR) Data input setup time
tSU(SD_SR) Slave receiver 2 -
thsb MR @ Master receiver 4 -
(5D )2 Data input hold time
thsD SR)( ) Slave receiver 0.5 -
_ ns
ty(sp MT)(z) Master transmitter - 4
= Data output valid time
tV(SD_ST)(Z) Slave transmitter - 20
thsb MT Master transmitter 0 -
(SD_MT) Data output hold time
thisp_sT) Slave transmitter 13 -
Data based on design simulation and/or characterization results, not tested in production.
2. Depends on fpc k. For example, if fpc k = 8 MHz, then Tpg k = 1/fp oLk = 125 ns.
Figure 32. 1S slave timing diagram (Philips protocol)
a—— tc(CK) —pd
~|cpoL=0 [/ \ —\_/—\_[ _\\_/—
3 . : : : :
£ i i i i |
x : i o !
(@] f ] i
CPOL =1 \ / \ —\_/ \_/—
tW(CKH) —it———pia———» tw(CKL) ! | e th(WS)
WS input i i i i [
tSu(WS) >l e tV(SD_ST) i th(SD_ST)
SDtransmit >< LSB transmit(2)>< MSB transmit Bitn transmit I
tsu(SD_SR) th(SD_SR)
SDreceive >< LSB receive(2) 1 MSB receive Bitn receive X LSB receive
MSv39721V1

1. Measurement points are done at CMOS levels: 0.3 x Vppox and 0.7 x Vppox-

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

byte.
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Package information

v

7.1

3

Package information

In order to meet environmental requirements, ST offers these devices in different grades of
ECOPACK® packages, depending on their level of environmental compliance. ECOPACK®
specifications, grade definitions and product status are available at: www.st.com.
ECOPACK® is an ST trademark.

UFBGAG64 package information
UFBGAG64 is a 64-ball, 5 x 5 mm, 0.5 mm pitch ultra-fine-profile ball grid array

package.

Figure 34. UFBGAG64 package outline

Seating plane
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Vot @z A019_ME_V1
1. Drawing is not to scale.
Table 65. UFBGA64 package mechanical data
millimeters inches®
Symbol
Min Typ Max Min Typ Max
A 0.460 0.530 0.600 0.0181 0.0209 0.0236
A1 0.050 0.080 0.110 0.0020 0.0031 0.0043
A2 0.400 0.450 0.500 0.0157 0.0177 0.0197
A3 0.080 0.130 0.180 0.0031 0.0051 0.0071
A4 0.270 0.320 0.370 0.0106 0.0126 0.0146
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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. LQFP64 package marking example

| __—— Revision code

R

STM32F051 «— —— Product identification

RATh “—

| _— Date code

YW

P
W
Pin 1 identifier \\" Q

MSv36456V1

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.

3

96/122 DocID022265 Rev 7




STM32F051x4 STM32F051x6 STM32F051x8 Package information

7.3 LQFP48 package information
LQFP48 is a 48-pin, 7 x 7 mm low-profile quad flat package.

Figure 40. LQFP48 package outline
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1. Drawing is not to scale.
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Table 76. Document revision history (continued)

Date Revision Changes

Added “Negative induced leakage current is caused by negative
injection and positive induced leakage current is caused by
positive injection” in Section Functional susceptibility to I/O
current injection.

Replaced reference "JESD22-C101" with "ANSI/ESD
STM5.3.1" in Table : ESD absolute maximum ratings.

Merged Table: Typical and maximum VDD consumption in Stop
and Standby modes and Table: Typical and maximum VDDA
consumption in Stop and Standby modes into Table: Typical and
maximum current consumption in Stop and Standby modes.

Updated:

— Table: Temperature sensor calibration values,

— Table: Internal voltage reference calibration values,
— Table: Current characteristics,

— Table: General operating conditions,

— Table: Typical and maximum current consumption from the
VDDA supply,

— Table: Low-power mode wakeup timings,
— Table: I/O current injection susceptibility,

— Table: 1/O static characteristics,
13-Jan-2014 4 — Table: Output voltage characteristics,
(continued) | _ taple: NRST pin characteristics,

— Table: 12C analog filter characteristics,
— Figure: Power supply scheme,
— Figure: TC and TTa I/O input characteristics,

— Figure: Five volt tolerant (FT and FTf) I/O input
characteristics,

— Figure: 1/0O AC characteristics definition,
— Figure: ADC accuracy characteristics,
— Figure: Typical connection diagram using the ADC,

— Figure: LQFP64 — 10 x 10 mm 64 pin low-profile quad flat
package outline,

— Figure: LQFP64 recommended footprint,

— Figure: LQFP48 — 7 x 7 mm, 48 pin low-profile quad flat
package outline,

— Figure: LQFP48 recommended footprint,

— Figure: LQFP32 — 7 x 7 mm 32-pin low-profile quad flat
package outline,

— Figure: LQFP32 recommended footprint,

— Figure: UFQFPN48 — 7 x 7 mm, 0.5 mm pitch, package
outline.
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Table 76. Document revision history (continued)

Date Revision Changes

Updated the following:
— DAC and power management feature descriptions in Features

— Table 2: STM32F051xx family device features and peripheral
count

— Section 3.5.1: Power supply schemes

— Figure 13: Power supply scheme

— Table 17: Voltage characteristics

— Table 20: General operating conditions: updated the footnote
for V| parameter

— Table 28: Typical and maximum current consumption from the
Vear supply

— Table 52: ADC characteristics

— Table 33: High-speed external user clock characteristics:
replaced Vpp with Vppiox

— Table 34: Low-speed external user clock characteristics:
replaced Vpp with Vppiox

— Table 37: HSI oscillator characteristics and Figure 19: HSI
oscillator accuracy characterization results for soldered parts

— Table 38: HSI14 oscillator characteristics: changed the min
value for ACChg)14

— Table 41: Flash memory characteristics: changed the values
for tyg and Ipp in write mode

28-Aug-2015 5 — Table 43: EMS characteristics: changed the value of Vggrg

— Table 45: ESD absolute maximum ratings

— Figure 10: STM32F051x8 memory map

— Figure 21: TC and TTa I/O input characteristics

— Figure 22: Five volt tolerant (FT and FTf) I/O input
characteristics

— Figure 23: I/0O AC characteristics definition

— tstarT definition in Table 24: Embedded internal reference
voltage

— tstag Characteristics in Table 52: ADC characteristics

— Table 56: Comparator characteristics: changed the
description and values for Vgc, Vppa and VReginT
parameters. Added Figure 28: Maximum VgggnT SCaler
startup time from power down

— Table 57: TS characteristics: changed the min value for Tg_
temp

— Table 58: Vgar monitoring characteristics: changed the min
value for Tg 4t @and the typical value for R parameters

— Section 6.3.22: Communication interfaces: updated the
description and features in the subsection 1°C interface
characteristics

— Table 64: 12S characteristics: updated the min values for data
input hold time (master and slave receiver)
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