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Table 2. STM32F401xB/C features and peripheral counts

Peripherals STM32F401xB STM32F401xC

Flash memory in Kbytes 128 256

SRAM in 
Kbytes

System 64

Timers

General-
purpose

7

Advanced-
control

1

Communication 
interfaces

SPI/ I2S 3/2 (full duplex)
4/2 (full 
duplex)

3/2 (full duplex)
4/2 (full 
duplex)

I2C 3

USART 3

SDIO - 1 - 1

USB OTG FS 1

GPIOs 36 50 81 36 50 81

12-bit ADC

Number of channels

1

10 16 10 16

Maximum CPU frequency  84 MHz

Operating voltage  1.7 to 3.6 V

Operating temperatures
Ambient temperatures: –40 to +85 °C/–40 to +105 °C

Junction temperature: –40 to + 125 °C

Package
WLCSP49

UFQFPN48
LQFP64

UFBGA100

LQFP100

WLCSP49

UFQFPN48
LQFP64

UFBGA100

LQFP100
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2.1 Compatibility with STM32F4 series

The STM32F401xB/STM32F401xC are fully software and feature compatible with the 
STM32F4 series (STM32F42x, STM32F43x, STM32F41x, STM32F405 and STM32F407)

The STM32F401xB/STM32F401xC can be used as drop-in replacement of the other 
STM32F4 products but some slight changes have to be done on the PCB board.

Figure 1. Compatible board design for LQFP100 package
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Figure 3. STM32F401xB/STM32F401xC block diagram   

1. The timers connected to APB2 are clocked from TIMxCLK up to 84 MHz, while the timers connected to APB1 are clocked 
from TIMxCLK up to 42 MHz. 
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- - 39 65 E10 PC8 I/O FT -
USART6_CK, TIM3_CH3, 
SDIO_D0, EVENTOUT

-

- - 40 66 D12 PC9 I/O FT -
I2S_CKIN, I2C3_SDA, 
TIM3_CH4, SDIO_D1, 
MCO_2, EVENTOUT

-

29 D1 41 67 D11 PA8 I/O FT -
I2C3_SCL, USART1_CK, 
TIM1_CH1, OTG_FS_SOF, 
MCO_1, EVENTOUT

-

30 D2 42 68 D10 PA9 I/O FT -
I2C3_SMBA, USART1_TX, 
TIM1_CH2, EVENTOUT

OTG_FS_VBUS

31 C2 43 69 C12 PA10 I/O FT -
USART1_RX, TIM1_CH3, 
OTG_FS_ID, EVENTOUT

-

32 C1 44 70 B12 PA11 I/O FT -
USART1_CTS, USART6_TX, 
TIM1_CH4, OTG_FS_DM, 
EVENTOUT

-

33 C3 45 71 A12 PA12 I/O FT -
USART1_RTS, USART6_RX, 
TIM1_ETR, OTG_FS_DP, 
EVENTOUT

-

34 B3 46 72 A11
PA13 (JTMS-

SWDIO)
I/O FT - JTMS-SWDIO, EVENTOUT -

- - - 73 C11 VCAP_2 S - - - -

35 B1 47 74 F11 VSS S - - - -

36 - 48 75 G11 VDD S - - - -

- B2 - - - VDD S - - - -

37 A1 49 76 A10
PA14 (JTCK-

SWCLK)
I/O FT - JTCK-SWCLK, EVENTOUT -

38 A2 50 77 A9 PA15 (JTDI) I/O FT -

JTDI, SPI1_NSS, 
SPI3_NSS/I2S3_WS, 
TIM2_CH1/TIM2_ETR, JTDI, 
EVENTOUT

-

- - 51 78 B11 PC10 I/O FT -
SPI3_SCK/I2S3_CK, 
SDIO_D2, EVENTOUT

-

- - 52 79 C10 PC11 I/O FT -
I2S3ext_SD, SPI3_MISO, 
SDIO_D3, EVENTOUT

-

- - 53 80 B10 PC12 I/O FT -
SPI3_MOSI/I2S3_SD, 
SDIO_CK, EVENTOUT

-

- - - 81 C9 PD0 I/O FT - EVENTOUT -

Table 8. STM32F401xB/STM32F401xC 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
Q

F
N

4
8

W
L

C
S

P
49

L
Q

F
P

64

L
Q

F
P

1
00

U
F

B
G

A
10

0
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6.1.6 Power supply scheme

Figure 18. Power supply scheme 

1. To connect PDR_ON pin, refer to Section 3.14: 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 (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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6.3.4 Operating conditions at power-up / power-down (regulator OFF)

Subject to general operating conditions for TA.

         

Note: This feature is only available for UFBGA100 package.

6.3.5 Embedded reset and power control block characteristics

The parameters given in Table 19 are derived from tests performed under ambient 
temperature and VDD supply voltage @ 3.3V.

          

Table 18. Operating conditions at power-up / power-down (regulator OFF)(1)

1. To reset the internal logic at power-down, a reset must be applied on pin PA0 when VDD reach below 
1.08 V.

Symbol Parameter Conditions Min Max Unit

tVDD

VDD rise time rate Power-up 20 ∞

µs/V
VDD fall time rate Power-down 20 ∞

tVCAP

VCAP_1 and VCAP_2 rise time rate Power-up 20 ∞

VCAP_1 and VCAP_2 fall time rate Power-down 20 ∞

Table 19. Embedded reset and power control block characteristics

Symbol Parameter Conditions Min Typ Max Unit

VPVD
Programmable voltage 
detector level selection

PLS[2:0]=000 (rising edge) 2.09 2.14 2.19

V

PLS[2:0]=000 (falling edge) 1.98 2.04 2.08

PLS[2:0]=001 (rising edge) 2.23 2.30 2.37

PLS[2:0]=001 (falling edge) 2.13 2.19 2.25

PLS[2:0]=010 (rising edge) 2.39 2.45 2.51

PLS[2:0]=010 (falling edge) 2.29 2.35 2.39

PLS[2:0]=011 (rising edge) 2.54 2.60 2.65

PLS[2:0]=011 (falling edge) 2.44 2.51 2.56

PLS[2:0]=100 (rising edge) 2.70 2.76 2.82

PLS[2:0]=100 (falling edge) 2.59 2.66 2.71

PLS[2:0]=101 (rising edge) 2.86 2.93 2.99

PLS[2:0]=101 (falling edge) 2.65 2.84 2.92

PLS[2:0]=110 (rising edge) 2.96 3.03 3.10

PLS[2:0]=110 (falling edge) 2.85 2.93 2.99

PLS[2:0]=111 (rising edge) 3.07 3.14 3.21

PLS[2:0]=111 (falling edge) 2.95 3.03 3.09

VPVDhyst
(2) PVD hysteresis - 100 - mV

VPOR/PDR
Power-on/power-down 
reset threshold

Falling edge 1.60(1) 1.68 1.76
V

Rising edge 1.64 1.72 1.80
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6.3.6 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 19: Current consumption 
measurement scheme.

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

VPDRhyst
(2) PDR hysteresis - 40 - mV

VBOR1
Brownout level 1 
threshold

Falling edge 2.13 2.19 2.24

V

Rising edge 2.23 2.29 2.33

VBOR2
Brownout level 2 
threshold

Falling edge 2.44 2.50 2.56

Rising edge 2.53 2.59 2.63

VBOR3
Brownout level 3 
threshold

Falling edge 2.75 2.83 2.88

Rising edge 2.85 2.92 2.97

VBORhyst
(2) BOR hysteresis - 100 - mV

TRSTTEMPO
(2)(3) POR reset timing 0.5 1.5 3.0 ms

IRUSH
(2)

InRush current on 
voltage regulator power-
on (POR or wakeup from 
Standby)

- 160 200 mA

ERUSH
(2)

InRush energy on 
voltage regulator power-
on (POR or wakeup from 
Standby)

VDD = 1.7 V, TA = 105 °C, 

IRUSH = 171 mA for 31 µs
- - 5.4 µC

1. The product behavior is guaranteed by design down to the minimum VPOR/PDR value.

2. Guaranteed by design.

3. The reset timing is measured from the power-on (POR reset or wakeup from VBAT) to the instant when first 
instruction is fetched by the user application code.

Table 19. Embedded reset and power control block characteristics (continued)

Symbol Parameter Conditions Min Typ Max Unit
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Table 32. Switching output I/O current consumption

Symbol Parameter Conditions(1)

1. CS is the PCB board capacitance including the pad pin. CS = 7 pF (estimated value).

I/O toggling

 frequency (fSW)
Typ Unit

IDDIO
I/O switching 

current

VDD = 3.3 V

C = CINT
(2)

2. This test is performed by cutting the LQFP100 package pin (pad removal).

2 MHz 0.05

mA

8 MHz 0.15

25 MHz 0.45

50 MHz 0.85

60 MHz 1.00

84 MHz 1.40

VDD = 3.3 V

CEXT = 0 pF

C = CINT + CEXT + CS

2 MHz 0.10

8 MHz 0.35

25 MHz 1.05

50 MHz 2.20

60 MHz 2.40

84 MHz 3.55

VDD = 3.3 V

CEXT =10 pF

C = CINT + CEXT + CS

2 MHz 0.20

8 MHz 0.65

25 MHz 1.85

50 MHz 2.45

60 MHz 4.70

84 MHz 8.80

VDD = 3.3 V

CEXT = 22 pF

C = CINT + CEXT + CS

2 MHz 0.25

8 MHz 1.00

25 MHz 3.45

50 MHz 7.15

60 MHz 11.55

VDD = 3.3 V

CEXT = 33 pF

C = CINT + CEXT + CS

2 MHz 0.32

8 MHz 1.27

25 MHz 3.88

50 MHz 12.34
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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.

All timings are derived from tests performed under ambient temperature and VDD=3.3 V.

         

APB2

(up to 84MHz)

TIM1 5.71

µA/MHz

TIM9 2.86

TIM10 1.79

TIM11 2.02

ADC1(2) 2.98

SPI1 1.19

USART1 3.10

USART6 2.86

SDIO 5.95

SPI4 1.31

SYSCFG 0.71

1. I2SMOD bit set in SPI_I2SCFGR register, and then the I2SE bit set to enable I2S peripheral.

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

Table 33. Peripheral current consumption (continued)

Peripheral  IDD (typ) Unit

Table 34. Low-power mode wakeup timings(1)

Symbol Parameter Min(1) Typ(1) Max(1) Unit

tWUSLEEP
(2) Wakeup from Sleep mode - 4 6

CPU 
clock 
cycle

tWUSTOP
(2)

Wakeup from Stop mode, usage of main regulator - 13.5 14.5

µs

Wakeup from Stop mode, usage of main regulator, Flash 
memory in Deep power down mode

- 105 111

Wakeup from Stop mode, regulator in low power mode - 21 33

Wakeup from Stop mode, regulator in low power mode, 
Flash memory in Deep power down mode

- 113 130

tWUSTDBY
(2)(3) Wakeup from Standby mode - 314 407 µs

1. Guaranteed by characterization.

2. The wakeup times are measured from the wakeup event to the point in which the application code reads the first instruction.
3. tWUSTDBY maximum value is given at –40 °C.
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Figure 22. High-speed external clock source AC timing diagram

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(LSE)
tf(LSE)

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 28 and Figure 29 show the main PLL output clock waveforms in center spread and 
down spread modes, where:

F0 is fPLL_OUT nominal.

Tmode is the modulation period.

md is the modulation depth.

Figure 28. PLL output clock waveforms in center spread mode

Figure 29. PLL output clock waveforms in down spread mode

6.3.12 Memory characteristics

Flash memory

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

The devices are shipped to customers with the Flash memory erased.

         

Table 44. Flash memory characteristics

Symbol Parameter Conditions Min Typ Max Unit

IDD Supply current

Write / Erase 8-bit mode, VDD = 1.7 V - 5 -

mAWrite / Erase 16-bit mode, VDD = 2.1 V - 8 -

Write / Erase 32-bit mode, VDD = 3.3 V - 12 -
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Table 45. Flash memory programming

Symbol Parameter  Conditions Min(1) Typ Max(1)

1. Guaranteed by characterization.

Unit

tprog Word programming time
Program/erase parallelism 
(PSIZE) = x 8/16/32

- 16 100(2)

2. The maximum programming time is measured after 100K erase operations.

µs

tERASE16KB Sector (16 KB) erase time

Program/erase parallelism 
(PSIZE) = x 8

- 400 800

ms
Program/erase parallelism 
(PSIZE) = x 16

- 300 600

Program/erase parallelism 
(PSIZE) = x 32

- 250 500

tERASE64KB Sector (64 KB) erase time

Program/erase parallelism 
(PSIZE) = x 8

- 1200 2400

ms
Program/erase parallelism 
(PSIZE) = x 16

- 700 1400

Program/erase parallelism 
(PSIZE) = x 32

- 550 1100

tERASE128KB Sector (128 KB) erase time

Program/erase parallelism 
(PSIZE) = x 8

- 2 4

s
Program/erase parallelism 
(PSIZE) = x 16

- 1.3 2.6

Program/erase parallelism 
(PSIZE) = x 32

- 1 2

tME Mass erase time

Program/erase parallelism 
(PSIZE) = x 8

- 4 8

s
Program/erase parallelism 
(PSIZE) = x 16

- 2.75 5.5

Program/erase parallelism 
(PSIZE) = x 32

- 2 4

Vprog Programming voltage

32-bit program operation 2.7 - 3.6 V

16-bit program operation 2.1 - 3.6 V

8-bit program operation 1.7 - 3.6 V

Table 46. Flash memory programming with VPP voltage

Symbol Parameter  Conditions Min(1) Typ Max(1) Unit

tprog Double word programming

TA = 0 to +40 °C

VDD = 3.3 V

VPP = 8.5 V

- 16 100(2) µs

tERASE16KB Sector (16 KB) erase time - 230 -

mstERASE64KB Sector (64 KB) erase time - 490 -

tERASE128KB Sector (128 KB) erase time - 875 -

tME Mass erase time - 1.750 - s
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Note: ADC accuracy vs. negative injection current: injecting a negative current on any 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 analog pins which may potentially inject negative currents.

Any positive injection current within the limits specified for IINJ(PIN) and ΣIINJ(PIN) in 
Section 6.3.16 does not affect the ADC accuracy.

Table 70. ADC dynamic accuracy at fADC = 18 MHz - limited test conditions(1)

1. Guaranteed by characterization.

Symbol Parameter Test conditions Min Typ Max Unit

ENOB Effective number of bits
fADC =18 MHz

VDDA = VREF+= 1.7 V

Input Frequency = 20 KHz

Temperature = 25 °C

10.3 10.4 - bits

SINAD
Signal-to-noise and distortion 

ratio
64 64.2 -

dB
SNR Signal-to-noise ratio 64 65 -

THD Total harmonic distortion -67 -72 -

Table 71. ADC dynamic accuracy at fADC = 36 MHz - limited test conditions(1)

1. Guaranteed by characterization.

Symbol Parameter Test conditions Min Typ Max Unit

ENOB Effective number of bits
fADC = 36 MHz

VDDA = VREF+ = 3.3 V

Input Frequency = 
20 KHz

Temperature = 25 °C

10.6 10.8 - bits

SINAD
Signal-to noise and distortion 

ratio
66 67 -

dB
SNR Signal-to noise ratio 64 68 -

THD Total harmonic distortion -70 -72 -
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Figure 43. Power supply and reference decoupling (VREF+ connected to VDDA)

1. VREF+ and VREF- inputs are both available on UFBGA100. VREF+ is also available on LQFP100. When 
VREF+ and VREF- are not available, they are internally connected to VDDA and VSSA. 

6.3.21 Temperature sensor characteristics

         

         

Table 72. Temperature sensor characteristics

Symbol Parameter Min Typ Max Unit

TL
(1) VSENSE linearity with temperature - ±1 ±2 °C

Avg_Slope(1) Average slope - 2.5 - mV/°C

V25
(1) Voltage at 25 °C - 0.76 - V

tSTART
(2) Startup time - 6 10 µs

TS_temp
(2) ADC sampling time when reading the temperature (1 °C accuracy) 10 - - µs

1. Guaranteed by characterization.

2. Guaranteed by design.

Table 73. Temperature sensor calibration values

Symbol Parameter Memory address

TS_CAL1 TS ADC raw data acquired at temperature of 30 °C, VDDA= 3.3 V 0x1FFF 7A2C - 0x1FFF 7A2D

TS_CAL2 TS ADC raw data acquired at temperature of 110 °C, VDDA= 3.3 V 0x1FFF 7A2E - 0x1FFF 7A2F
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6.3.25 RTC characteristics

         

CMD, D inputs (referenced to CK) in SD default mode

tISUD Input setup time SD fpp = 24MHz 1.5 - -
ns

tIHD Input hold time SD fpp = 24MHz 0.5 - -

CMD, D outputs (referenced to CK) in SD default mode

tOVD Output valid default time SD fpp =24MHz - 4.5 6.5
ns

tOHD Output hold default time SD fpp =24MHz 3.5 - -

1. Guaranteed by characterization results.

2. VDD = 2.7 to 3.6 V.

Table 77. Dynamic characteristics: SD / MMC characteristics(1)(2) (continued)

Symbol Parameter Conditions Min Typ Max Unit

Table 78. RTC characteristics

Symbol Parameter Conditions Min Max

- fPCLK1/RTCCLK frequency ratio
Any read/write operation 
from/to an RTC register

4 -
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UFQFPN48 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 depend on supply chain operations, are 
not indicated below.

Figure 51. UFQFPN48 marking example (top view)

1. Parts marked as “ES”, “E” or accompanied by an Engineering Sample notification letter, are not yet 
qualified and therefore not yet ready to be used in production and any consequences deriving from such 
usage will not be at ST charge. In no event, ST will be liable for any customer usage of these engineering 
samples in production. ST Quality has to be contacted prior to any decision to use these Engineering 
samples to run qualification activity. 
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LQFP100 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 depend on supply chain operations, are 
not indicated below.

Figure 57. LQPF100 marking example (top view) 

1. Parts marked as “ES”, “E” or accompanied by an Engineering Sample notification letter, are not yet 
qualified and therefore not yet ready to be used in production and any consequences deriving from such 
usage will not be at ST charge. In no event, ST will be liable for any customer usage of these engineering 
samples in production. ST Quality has to be contacted prior to any decision to use these Engineering 
samples to run qualification activity. 
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7.6 Thermal characteristics

The maximum chip junction temperature (TJmax) must never exceed the values given in 
Table 14: General operating conditions on page 59.

The maximum chip-junction temperature, TJ max., in degrees Celsius, may be calculated 
using the following equation:

TJ max = TA max + (PD max x ΘJA)

Where:

• TA max is the maximum ambient temperature in °C,

• ΘJA is the package junction-to-ambient thermal resistance, in ° C/W,

• PD max is the sum of PINT max and PI/O max (PD max = PINT max + PI/Omax),

• PINT max is the product of IDD and VDD, expressed in Watts. This is the maximum chip 
internal power.

PI/O max represents the maximum power dissipation on output pins where:

PI/O max = Σ (VOL × IOL) + Σ((VDD – VOH) × IOH),

taking into account the actual VOL / IOL and VOH / IOH of the I/Os at low and high level in the 
application.

7.6.1 Reference document

JESD51-2 Integrated Circuits Thermal Test Method Environment Conditions - Natural 
Convection (Still Air). Available from www.jedec.org.

Table 86. Package thermal characteristics

Symbol Parameter Value Unit

ΘJA

Thermal resistance junction-ambient
UFQFPN48

32

°C/W

Thermal resistance junction-ambient
WLCSP49

52

Thermal resistance junction-ambient
LQFP64

50

Thermal resistance junction-ambient
LQFP100

42

Thermal resistance junction-ambient
UFBGA100

56
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16-May-2014 4

Change VDD/VDDA minimum value to 1.7 V.

Changed number of EXTI lines in Section 3.10: External interrupt/event 
controller (EXTI).

Updated Figure 18: Power supply scheme.

Updated Table 11: Voltage characteristics, Table 12: Current 
characteristics andTable 14: General operating conditions.

Added note 4. in Table 26: Typical and maximum current consumption 
in Sleep mode. Updated typical values at TA = 25 °C in Table 27: 
Typical and maximum current consumptions in Stop mode - 
VDD=1.8 V. 

Updated SDIO current consumption in Table 33: Peripheral current 
consumption.

Updated Table 54: I/O static characteristics, Table 56: I/O AC 
characteristics and added Figure 30: FT I/O input characteristics. 
Updated Table 55: Output voltage characteristics. Updated Table 53: 
I/O current injection susceptibility and Table 57: NRST pin 
characteristics.

Updated Table 61: SPI dynamic characteristics.

Updated package dimensions in Section 7.1 title. Added note below 
engineering sample marking schematics. Updated UFBGA100 
Thermal resistance in Table 86: Package thermal characteristics.

Table 88. Document revision history (continued)
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