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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
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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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Figure 7. Startup in regulator OFF: slow VDD slope -
 power-down reset risen after VCAP_1/VCAP_2 stabilization

1. This figure is valid whatever the internal reset mode (ON or OFF). 

Figure 8. Startup in regulator OFF mode: fast VDD slope -
 power-down reset risen before VCAP_1/VCAP_2 stabilization

1. This figure is valid whatever the internal reset mode (ON or OFF). 
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3.16.3 Regulator ON/OFF and internal power supply supervisor availability

          

3.17 Real-time clock (RTC) and backup registers

The backup domain includes:

• The real-time clock (RTC) 

• 20 backup registers

The real-time clock (RTC) is an independent BCD timer/counter. Dedicated registers contain 
the second, minute, hour (in 12/24 hour), week day, date, month, year, in BCD (binary-
coded decimal) format. Correction for 28, 29 (leap year), 30, and 31 day of the month are 
performed automatically. The RTC features a reference clock detection, a more precise 
second source clock (50 or 60 Hz) can be used to enhance the calendar precision. The RTC 
provides a programmable alarm and programmable periodic interrupts with wakeup from 
Stop and Standby modes. The sub-seconds value is also available in binary format.

It is clocked by a 32.768 kHz external crystal, resonator or oscillator, the internal low-power 
RC oscillator or the high-speed external clock divided by 128. The internal low-speed RC 
has a typical frequency of 32 kHz. The RTC can be calibrated using an external 512 Hz 
output to compensate for any natural quartz deviation. 

Two alarm registers are used to generate an alarm at a specific time and calendar fields can 
be independently masked for alarm comparison. To generate a periodic interrupt, a 16-bit 
programmable binary auto-reload downcounter with programmable resolution is available 
and allows automatic wakeup and periodic alarms from every 120 µs to every 36 hours.

A 20-bit prescaler is used for the time base clock. It is by default configured to generate a 
time base of 1 second from a clock at 32.768 kHz.

The backup registers are 32-bit registers used to store 80 bytes of user application data 
when VDD power is not present. Backup registers are not reset by a system, a power reset, 
or when the device wakes up from the Standby mode (see Section 3.18: Low-power 
modes).

Additional 32-bit registers contain the programmable alarm subseconds, seconds, minutes, 
hours, day, and date.

Table 3. Regulator ON/OFF and internal power supply supervisor availability 

Package Regulator ON Regulator OFF
Power supply 
supervisor ON

Power supply 
supervisor OFF

UFQFPN48 Yes No Yes No

WLCSP49 Yes No
Yes

PDR_ON set to VDD

Yes
PDR_ON external 

control(1)

LQFP64 Yes No Yes No

LQFP100 Yes No Yes No

UFBGA100
Yes

BYPASS_REG set to 
VSS

Yes
BYPASS_REG set to 

VDD

Yes
PDR_ON set to VDD

Yes
PDR_ON external 

control (1)

1. Refer to Section 3.15: Power supply supervisor
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3.20 Timers and watchdogs

The devices embed one advanced-control timer, seven general-purpose timers and two 
watchdog timers.

All timer counters can be frozen in debug mode.

Table 4 compares the features of the advanced-control and general-purpose timers.

          

3.20.1 Advanced-control timers (TIM1)

The advanced-control timer (TIM1) can be seen as three-phase PWM generators 
multiplexed on 4 independent channels. It has complementary PWM outputs with 
programmable inserted dead times. It can also be considered as a complete general-
purpose timer. Its 4 independent channels can be used for:

• Input capture

• Output compare

• PWM generation (edge- or center-aligned modes)

• One-pulse mode output

Table 4. Timer feature comparison 

Timer 
type

Timer
Counter 

resolution
Counter 

type
Prescaler 

factor

DMA 
request 

generation

Capture/
compare 
channels

Complemen-
tary output

Max. 
interface 

clock 
(MHz)

Max. 
timer 
clock 
(MHz)

Advanced
-control

TIM1 16-bit
Up, 

Down, 
Up/down

Any 
integer 

between 1 
and 

65536

Yes 4 Yes 100 100

General 
purpose

TIM2, 
TIM5

32-bit
Up, 

Down, 
Up/down

Any 
integer 

between 1 
and 

65536

Yes 4 No 50 100

TIM3, 
TIM4

16-bit
Up, 

Down, 
Up/down

Any 
integer 

between 1 
and 

65536

Yes 4 No 50 100

TIM9 16-bit Up

Any 
integer 

between 1 
and 

65536

No 2 No 100 100

TIM10, 
TIM11

16-bit Up

Any 
integer 

between 1 
and 

65536

No 1 No 100 100
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Figure 12. STM32F411xC/xE LQFP100 pinout

1. The above figure shows the package top view.
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- - - 5 D2 PE6 I/O FT -

TRACED3, 
TIM9_CH2, 
SPI4_MOSI/I2S4_SD, 
SPI5_MOSI/I2S5_SD, 
EVENTOUT

-

- - - - D3 VSS S - - - -

- - - - C4 VDD S - - - -

1 1 B7 6 E2 VBAT S - - - -

2 2 D5 7 C1
PC13-
ANTI_TAMP

I/O FT (2)(3) -
RTC_AMP1, 
RTC_OUT, RTC_TS

3 3 C7 8 D1
PC14-
OSC32_IN

I/O FT
(2)(3)

(4) - OSC32_IN

4 4 C6 9 E1
PC15-
OSC32_OUT

I/O FT - - OSC32_OUT

- - - 10 F2 VSS S - - - -

- - - 11 G2 VDD S - - - -

5 5 D7 12 F1 PH0 - OSC_IN I/O FT - - OSC_IN

6 6 D6 13 G1
PH1 - 
OSC_OUT

I/O FT - - OSC_OUT

7 7 E7 14 H2 NRST I/O FT - EVENTOUT -

- 8 - 15 H1 PC0 I/O FT - EVENTOUT ADC1_10

- 9 - 16 J2 PC1 I/O FT - EVENTOUT ADC1_11

- 10 - 17 J3 PC2 I/O FT -
SPI2_MISO, 
I2S2ext_SD, 
EVENTOUT

ADC1_12

- 11 - 18 K2 PC3 I/O FT -
SPI2_MOSI/I2S2_SD, 
EVENTOUT

ADC1_13

- - - 19 - VDD S - - - -

8 12 E6 20 J1 VSSA S - - - -

- - - - K1 VREF- S - - - -

9 13 F7 21 L1 VREF+ S - - - -

- - - 22 M1 VDDA S - - - -

Table 8. STM32F411xC/xE pin definitions (continued)

Pin number

Pin name 
(function after 

reset)(1)

P
in

 t
yp

e

I/O
 s

tr
u

ct
u

re

N
o

te
s

Alternate functions Additional functions

U
F

Q
F

P
N

48
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Q

F
P

64

W
L

C
S

P
49

L
Q

F
P

10
0 

U
F

B
G

A
10

0
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 S
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M
3

2F
4
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48
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9
D

o
cID

0
262

89 R
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P
o

rt
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PB0 - TIM1_CH2N TIM3_CH3 - - -
SPI5_SCK
/I2S5_CK

- - - - - - -
EVENT

OUT

PB1 - TIM1_CH3N TIM3_CH4 - - -
SPI5_NSS
/I2S5_WS

- - - - - - -
EVENT

OUT

PB2 - - - - - - - - - - - - - - -
EVENT

OUT

PB3
JTDO-
SWO

TIM2_CH2 - - -
SPI1_SCK/I

2S1_CK
SPI3_SCK
/I2S3_CK

USART1_
RX

- I2C2_SDA - - - - -
EVENT

OUT

PB4 JTRST TIM3_CH1 - - SPI1_MISO SPI3_MISO
I2S3ext_S

D
- I2C3_SDA

SDIO_
D0

- -
EVENT

OUT

PB5 - - TIM3_CH2 -
I2C1_SMB

A
SPI1_MOSI
/I2S1_SD

SPI3_MOSI/
I2S3_SD

- - - -
SDIO_

D3
- -

EVENT
OUT

PB6 - - TIM4_CH1 - I2C1_SCL - -
USART1_

TX
- - - - - -

EVENT
OUT

PB7 - - TIM4_CH2 - I2C1_SDA - -
USART1_

RX
- - - -

SDIO_
D0

- -
EVENT

OUT

PB8 - - TIM4_CH3 TIM10_CH1 I2C1_SCL -
SPI5_MOSI/

I2S5_SD
- - I2C3_SDA - -

SDIO_
D4

- -
EVENT

OUT

PB9 - - TIM4_CH4 TIM11_CH1 I2C1_SDA
SPI2_NSS/I

2S2_WS
- - - I2C2_SDA - -

SDIO_
D5

- -
EVENT

OUT

PB10 - TIM2_CH3 - - I2C2_SCL
SPI2_SCK/I

2S2_CK
I2S3_MCK - - - - -

SDIO_
D7

- -
EVENT

OUT

PB11 - TIM2_CH4 - - I2C2_SDA I2S2_CKIN - - - - - - - - -
EVENT

OUT

PB12 - TIM1_BKIN - -
I2C2_SMB

A
SPI2_NSS/I

2S2_WS
SPI4_NSS
/I2S4_WS

SPI3_SCK
/I2S3_CK

- - - - - - -
EVENT

OUT

PB13 - TIM1_CH1N - - -
SPI2_SCK/I

2S2_CK
SPI4_SCK/
I2S4_CK

- - - - - - - -
EVENT

OUT

PB14 - TIM1_CH2N - - - SPI2_MISO I2S2ext_SD - - - - -
SDIO_

D6
- -

EVENT
OUT

PB15
RTC_50H

z
TIM1_CH3N - - -

SPI2_MOSI
/I2S2_SD

- - - - - -
SDIO_

CK
- -

EVENT
OUT

Table 9. Alternate function mapping (continued)

Port

AF00 AF01 AF02 AF03 AF04 AF05 AF06 AF07 AF08 AF09 AF10 AF11 AF12 AF13 AF14 AF15

SYS_AF TIM1/TIM2
TIM3/ 

TIM4/ TIM5

TIM9/ 
TIM10/ 
TIM11

I2C1/I2C2/
I2C3

SPI1/I2S1S
PI2/ 

I2S2/SPI3/ 
I2S3

SPI2/I2S2/ 
SPI3/ 

I2S3/SPI4/ 
I2S4/SPI5/ 

I2S5

SPI3/I2S3/ 
USART1/ 
USART2

USART6
I2C2/
I2C3

OTG1_FS SDIO
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PC0 - - - - - - - - - - - - - - -
EVENT

OUT

PC1 - - - - - - - - - - - - - - -
EVENT

OUT

PC2 - - - - - SPI2_MISO I2S2ext_SD - - - - - - - -
EVENT

OUT

PC3 - - - - -
SPI2_MOSI
/I2S2_SD

- - - - - - - - -
EVENT

OUT

PC4 - - - - - - - - - - - - - -
EVENT

OUT

PC5 - - - - - - - - - - - - - -
EVENT

OUT

PC6 - - TIM3_CH1 - - I2S2_MCK - -
USART6_

TX
- - -

SDIO_
D6

- -
EVENT

OUT

PC7 - - TIM3_CH2 - -
SPI2_SCK/I

2S2_CK
I2S3_MCK -

USART6_
RX

- - -
SDIO_

D7
- -

EVENT
OUT

PC8 - - TIM3_CH3 - - - - -
USART6_

CK
- - -

SDIO_
D0

- -
EVENT

OUT

PC9 MCO_2 - TIM3_CH4 - I2C3_SDA I2S2_CKIN - - - - -
SDIO_

D1
- -

EVENT
OUT

PC10 - - - - - -
SPI3_SCK/I2

S3_CK
- - - - -

SDIO_
D2

- -
EVENT

OUT

PC11 - - - - - I2S3ext_SD SPI3_MISO - - - - -
SDIO_

D3
- -

EVENT
OUT

PC12 - - - - - -
SPI3_MOSI/I

2S3_SD
- - - - -

SDIO_
CK

- -
EVENT

OUT

PC13 - - - - - - - - - - - - - - - -

PC14 - - - - - - - - - - - - - - - -

PC15 - - - - - - - - - - - - - - - -

Table 9. Alternate function mapping (continued)

Port

AF00 AF01 AF02 AF03 AF04 AF05 AF06 AF07 AF08 AF09 AF10 AF11 AF12 AF13 AF14 AF15

SYS_AF TIM1/TIM2
TIM3/ 

TIM4/ TIM5

TIM9/ 
TIM10/ 
TIM11

I2C1/I2C2/
I2C3

SPI1/I2S1S
PI2/ 

I2S2/SPI3/ 
I2S3

SPI2/I2S2/ 
SPI3/ 

I2S3/SPI4/ 
I2S4/SPI5/ 

I2S5

SPI3/I2S3/ 
USART1/ 
USART2

USART6
I2C2/
I2C3

OTG1_FS SDIO
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PE0 - - TIM4_ETR - - - - - - - - - - - -
EVENT

OUT

PE1 - - - - - - - - - - - - - -
EVENT

OUT

PE2
TRACECL

K
- - - -

SPI4_SCK/I
2S4_CK

SPI5_SCK/I2
S5_CK

- - - - - - - -
EVENT

OUT

PE3 TRACED0 - - - - - - - - - - - - - -
EVENT

OUT

PE4 TRACED1 - - - -
SPI4_NSS/I

2S4_WS
SPI5_NSS/I2

S5_WS
- - - - - - - -

EVENT
OUT

PE5 TRACED2 - - TIM9_CH1 - SPI4_MISO SPI5_MISO - - - - - - - -
EVENT

OUT

PE6 TRACED3 - - TIM9_CH2 -
SPI4_MOSI
/I2S4_SD

SPI5_MOSI/I
2S5_SD

- - - - - - - -
EVENT

OUT

PE7 - TIM1_ETR - - - - - - - - - - - - -
EVENT

OUT

PE8 - TIM1_CH1N - - - - - - - - - - - - -
EVENT

OUT

PE9 - TIM1_CH1 - - - - - - - - - - - - -
EVENT

OUT

PE10 - TIM1_CH2N - - - - - - - - - - - - -
EVENT

OUT

PE11 - TIM1_CH2 - - -
SPI4_NSS/I

2S4_WS
SPI5_NSS/I2

S5_WS
- - - - - - - -

EVENT
OUT

PE12 - TIM1_CH3N - - -
SPI4_SCK/I

2S4_CK
SPI5_SCK/I2

S5_CK
- - - - - - - -

EVENT
OUT

PE13 - TIM1_CH3 - - - SPI4_MISO SPI5_MISO - - - - - - - -
EVENT

OUT

PE14 - TIM1_CH4 - - -
SPI4_MOSI
/I2S4_SD

SPI5_MOSI/I
2S5_SD

- - - - - - - -
EVENT

OUT

PE15 - TIM1_BKIN - - - - - - - - - - - - -
EVENT

OUT

Table 9. Alternate function mapping (continued)

Port

AF00 AF01 AF02 AF03 AF04 AF05 AF06 AF07 AF08 AF09 AF10 AF11 AF12 AF13 AF14 AF15

SYS_AF TIM1/TIM2
TIM3/ 

TIM4/ TIM5

TIM9/ 
TIM10/ 
TIM11

I2C1/I2C2/
I2C3

SPI1/I2S1S
PI2/ 

I2S2/SPI3/ 
I2S3

SPI2/I2S2/ 
SPI3/ 

I2S3/SPI4/ 
I2S4/SPI5/ 

I2S5

SPI3/I2S3/ 
USART1/ 
USART2

USART6
I2C2/
I2C3

OTG1_FS SDIO
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6.1.6 Power supply scheme

Figure 17. Power supply scheme 

1. To connect PDR_ON pin, refer to Section 3.15: Power supply supervisor.

2. The 4.7 µF ceramic capacitor must be connected to one of the VDD pin.

3. VCAP_2 pad is only available on LQFP100 and UFBGA100 packages.

4. VDDA=VDD and VSSA=VSS.

Caution: Each power supply pair (for example VDD/VSS, VDDA/VSSA) 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 good operation of 
the device. It is not recommended to remove filtering capacitors to reduce PCB size or cost. 
This might cause incorrect operation of the device.
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6.3 Operating conditions

6.3.1 General operating conditions

          

Table 14. General operating conditions 

Symbol Parameter  Conditions Min Typ Max Unit

fHCLK Internal AHB clock frequency

Power Scale3: Regulator ON,

VOS[1:0] bits in PWR_CR register = 0x01
0 - 64

MHz
Power Scale2: Regulator ON,

VOS[1:0] bits in PWR_CR register = 0x10
0 - 84

Power Scale1: Regulator ON,

VOS[1:0] bits in PWR_CR register = 0x11
0 - 100

fPCLK1 Internal APB1 clock frequency 0 - 50 MHz

fPCLK2 Internal APB2 clock frequency 0 - 100 MHz

VDD Standard operating voltage 1.7(1) - 3.6 V

VDDA
(2)(3)

Analog operating voltage

(ADC limited to 1.2 M 
samples)

Must be the same potential as VDD
(4)

1.7(1) - 2.4

V
Analog operating voltage

(ADC limited to 2.4 M 
samples)

2.4 - 3.6

VBAT Backup operating voltage 1.65 - 3.6 V

V12

Regulator ON: 1.2 V internal 
voltage on VCAP_1/VCAP_2 
pins

VOS[1:0] bits in PWR_CR register = 0x01

Max frequency 64 MHz
1.08

(5) 1.14 1.20(5)

V
VOS[1:0] bits in PWR_CR register = 0x10

Max frequency 84 MHz
1.20

(5) 1.26 1.32(5)

VOS[1:0] bits in PWR_CR register = 0x11

Max frequency 100 MHz
1.26 1.32 1.38

V12

Regulator OFF: 1.2 V external 
voltage must be supplied on 
VCAP_1/VCAP_2 pins

Max frequency 64 MHz 1.10 1.14 1.20

VMax frequency 84 MHz 1.20 1.26 1.32

Max frequency 100 MHz 1.26 1.32 1.38

VIN

Input voltage on RST, FT and 
TC pins(6)

2 V ≤  VDD ≤  3.6 V –0.3 - 5.5

VVDD ≤  2 V –0.3 - 5.2

Input voltage on BOOT0 pin - 0 - 9

PD

Power dissipation at 
TA = 85°C (range 6) or 

105 °C (range 7)(7)

UFQFPN48 - - 625

mW

WLCSP49 - - 392

LQFP64 - - 425

LQFP100 - - 465

UFBGA100 - - 323
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Table 26. Typical and maximum current consumption in Sleep mode - VDD = 3.6 V 

Symbol Parameter Conditions
fHCLK 
(MHz)

Typ

Max(1)

UnitTA = 
25 °C

TA = 
85 °C

TA = 
105 °C

TA = 
125 °C

IDD
Supply current 
in Sleep mode

External clock, PLL 
ON(2), 
all peripherals 
enabled(3)(4)

100 12.2 13.2 13.4 14.1 15.3

mA

84 9.8 10.6 10.9 11.6 12.8

64 6.9 7.4 7.7 8.3 9.5

50 5.4 5.9 6.2 6.8 8.0

20 2.8 3.2 3.5 4.1 5.3

HSI, PLL OFF(2), all 
peripherals enabled(3)

16 1.3 1.7 2.2 2.8 4.0

1 0.4 0.5 0.9 1.6 2.8

External clock, PLL ON(2) 
all peripherals disabled(3)

100 3.0 3.6 3.9 4.5 5.7

84 2.5 3.0 3.2 3.9 5.1

64 1.9 2.2 2.5 3.0 4.2

50 1.6 1.9 2.1 2.7 3.9

20 1.1 1.4 1.7 2.3 3.5

HSI, PLL OFF(2), all 
peripherals disabled(3)

16 0.4 0.5 0.9 1.6 2.8

1 0.3 0.4 0.8 1.5 2.7

1. Guaranteed by characterization results. 

2. Refer to Table 41 and RM0383 for the possible PLL VCO setting.

3. Add an additional power consumption of 1.6 mA per ADC for the analog part. In applications, this consumption occurs only 
while the ADC is ON (ADON bit is set in the ADC_CR2 register).

4. When the ADC is ON (ADON bit set in the ADC_CR2), add an additional power consumption of 1.6mA per ADC for the 
analog part.

Table 27. Typical and maximum current consumptions in Stop mode - VDD = 1.7 V

Symbol Conditions Parameter

Typ(1) Max(1)

Unit
TA = 
25 °C

TA = 
25 °C

TA = 
85 °C

TA = 
105 °C

TA = 
125 °C

IDD_STOP

Flash in Stop mode, all 
oscillators OFF, no 
independent watchdog

Main regulator usage 112 142(2) 400 710(2) 1200

µA

Low power regulator usage 42.6 67(2) 300 580(2) 1044

Flash in Deep power 
down mode, all 
oscillators OFF, no 
independent watchdog

Main regulator usage 75 99(2) 310 580(2) 993

Low power regulator usage 13.6 37(2) 265 550(2) 1007

Low power low voltage regulator 
usage

9 28(2) 230 500(2) 910

1. Guaranteed by characterization results.

2. Guaranteed by test in production.
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6.3.7 Wakeup time from low-power modes

The wakeup times given in Table 34 are measured starting from the wakeup event trigger up 
to the first instruction executed by the CPU:

• For Stop or Sleep modes: the wakeup event is WFE.

• WKUP (PA0) pin is used to wakeup from Standby, Stop and Sleep modes.

Figure 21. Low-power mode wakeup

All timings are derived from tests performed under ambient temperature and VDD=3.3 V.
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Figure 22. High-speed external clock source AC timing diagram

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 I/O. The 
external clock signal has to respect the Table 53. However, the recommended clock input 
waveform is shown in Figure 23.

The characteristics given in Table 36 result from tests performed using an low-speed 
external clock source, and under ambient temperature and supply voltage conditions 
summarized in Table 14.

          

Table 36. Low-speed external user clock characteristics 

Symbol Parameter Conditions Min Typ Max Unit

fLSE_ext
User External clock source 
frequency(1)

-

- 32.768 1000 kHz

VLSEH
OSC32_IN input pin high level 
voltage

0.7VDD - VDD
V

VLSEL OSC32_IN input pin low level voltage VSS - 0.3VDD

tw(LSEH)
tw(LSEL)

OSC32_IN high or low time(1) 450 - -

ns
tr(LSE)
tf(LSE)

OSC32_IN rise or fall time(1) - - 50

Cin(LSE) OSC32_IN input capacitance(1) - - 5 - pF

DuCy(LSE) Duty cycle - 30 - 70 %

IL OSC32_IN Input leakage current VSS ≤  VIN ≤  VDD - - ±1 µA

1. Guaranteed by design.
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Figure 24. Typical application with an 8 MHz crystal

1. REXT value depends on the crystal characteristics.

Low-speed external clock generated from a crystal/ceramic resonator

The low-speed external (LSE) clock can be supplied with a 32.768 kHz crystal/ceramic 
resonator oscillator. All the information given in this paragraph are based on 
characterization results obtained with typical external components specified in Table 38. In 
the application, the resonator and the load capacitors have to be placed as close as 
possible to the oscillator pins in order to minimize output distortion and startup stabilization 
time. Refer to the crystal resonator manufacturer for more details on the resonator 
characteristics (frequency, package, accuracy).

The LSE high-power mode allows to cover a wider range of possible crystals but with a cost 
of higher power consumption.

          

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. 

For information about the LSE high-power mode, refer to the reference manual RM0383.

Table 38. LSE oscillator characteristics (fLSE = 32.768 kHz) (1)

1. Guaranteed by design.

Symbol Parameter Conditions Min Typ Max Unit

RF Feedback resistor - - 18.4 - MΩ 

IDD
LSE current 
consumption

Low-power mode 
(default)

- - 1
µA

High-drive mode - - 3

Gm_crit_max
Maximum critical crystal 
gm

Startup, low-power mode - - 0.56
µA/V

Startup, high-drive mode - - 1.50

tSU(LSE)
(2)

2. tSU(LSE) is the startup time measured from the moment it is enabled (by software) to a stabilized 
32.768 kHz oscillation is reached. This value is guaranteed by characterization. It is measured for a 
standard crystal resonator and it can vary significantly with the crystal manufacturer. 

startup time  VDD is stabilized - 2 - s
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7.2 UFQFPN48 package information

Figure 49. UFQFPN48 - 48-lead, 7 x 7 mm, 0.5 mm pitch, ultra thin fine pitch 
quad flat 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. It is recommended to connect and 
solder this back-side pad to PCB ground.

          

Table 81. UFQFPN48 - 48-lead, 7 x 7 mm, 0.5 mm pitch, ultra thin fine pitch 
quad flat package mechanical data 

Symbol
millimeters inches(1)

Min. Typ. Max. Min. Typ. Max.

A 0.500 0.550 0.600 0.0197 0.0217 0.0236

A1 0.000 0.020 0.050 0.0000 0.0008 0.0020

D 6.900 7.000 7.100 0.2717 0.2756 0.2795

E 6.900 7.000 7.100 0.2717 0.2756 0.2795

D2 5.500 5.600 5.700 0.2165 0.2205 0.2244



DocID026289 Rev 6 131/149

STM32F411xC STM32F411xE Package information

141

          

Figure 53. LQFP64 recommended footprint

1. Dimensions are in millimeters.

Table 82. LQFP64 - 64-pin, 10 x 10 mm, 64-pin low-profile quad flat package mechanical data

Symbol
millimeters inches(1)

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 - 12.000 - - 0.4724 -

D1 - 10.000 - - 0.3937 -

E - 12.000  - - 0.4724 -

E1 - 10.000 - - 0.3937 -

E3 - 7.5000 - - 0.2953 -

e - 0.500 - - 0.0197 -

K 0° 3.5° 7° 0° 3.5° 7°

L 0.450 0.600 0.750 0.0177 0.0236 0.0295

L1 - 1.000 - - 0.0394 -

ccc - - 0.080 - - 0.0031

1. Values in inches are converted from mm and rounded to 4 decimal digits.
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Figure 56. LQFP100 - 100-pin, 14 x 14 mm, 100-pin low-profile quad flat
recommended footprint

1. Dimensions are in millimeters.
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Figure 59. Recommended PCB design rules for pads (0.5 mm-pitch BGA)

1. Non solder mask defined (NSMD) pads are recommended.

2. 4 to 6 mils solder paste screen printing process.

ddd - - 0.100 - -  0.0039 

eee - -  0.150 - - 0.0059 

fff - - 0.050 - - 0.0020 

1. Values in inches are converted from mm and rounded to 4 decimal digits.

Table 84. UFBGA100, 7 x 7 mm, 0.50 mm pitch, ultra fine pitch ball grid array package
mechanical data (continued)

Symbol
millimeters inches(1)

Min. Typ. Max. Min. Typ. Max.
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Appendix B Application block diagrams

B.1 USB OTG Full Speed (FS) interface solutions

Figure 61. USB controller configured as peripheral-only and used in Full-Speed mode

1. The external voltage regulator is only needed when building a VBUS powered device.

Figure 62. USB controller configured as host-only and used in Full-Speed mode

1. The current limiter is required only if the application has to support a VBUS powered device. A basic power 
switch can be used if 5V are available on the application board.


