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DMA controller (DMA)

The devices feature two general-purpose dual-port DMAs (DMA1 and DMA2) with 8
streams each. They are able to manage memory-to-memory, peripheral-to-memory and
memory-to-peripheral transfers. They feature dedicated FIFOs for APB/AHB peripherals,
support burst transfer and are designed to provide the maximum peripheral bandwidth
(AHB/APB).

The two DMA controllers support circular buffer management, so that no specific code is
needed when the controller reaches the end of the buffer. The two DMA controllers also
have a double buffering feature, which automates the use and switching of two memory
buffers without requiring any special code.

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

The DMA can be used with the main peripherals:

e SPland %S
. 12C
e USART

e  General-purpose, basic and advanced-control timers TIMx
e SD/SDIO/MMC host interface
e ADC

Nested vectored interrupt controller (NVIC)

The devices embed a nested vectored interrupt controller able to manage 16 priority levels,
and handle up to 62 maskable interrupt channels plus the 16 interrupt lines of the Cortex®-
M4 with FPU.

e  Closely coupled NVIC gives low-latency interrupt processing

e Interrupt entry vector table address passed directly to the core

e Allows early processing of interrupts

e  Processing of late arriving, higher-priority interrupts

e  Support tail chaining

e  Processor state automatically saved

e Interrupt entry restored on interrupt exit with no instruction overhead

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

External interrupt/event controller (EXTI)

The external interrupt/event controller consists of 21 edge-detector lines used to generate
interrupt/event requests. Each line can be independently configured to select the trigger
event (rising edge, falling edge, both) and can be masked independently. A pending register
maintains the status of the interrupt requests. The EXTI can detect an external line with a
pulse width shorter than the Internal APB2 clock period. Up to 81 GPIOs can be connected
to the 16 external interrupt lines.
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3.14

3.141

3.14.2

19/135

Power supply supervisor

Internal reset ON

This feature is available for Vpp operating voltage range 1.8 V to 3.6 V.
The internal power supply supervisor is enabled by holding PDR_ON high.

The devices have an integrated power-on reset (POR) / power-down reset (PDR) circuitry
coupled with a Brownout reset (BOR) circuitry. At power-on, POR is always active, and
ensures proper operation starting from 1.8 V. After the 1.8 V POR threshold level is
reached, the option byte loading process starts, either to confirm or modify default
thresholds, or to disable BOR permanently. Three BOR thresholds are available through
option bytes.

The devices remain in reset mode when Vpp is below a specified threshold, Vpor/ppRr OF
VgoRr, Without the need for an external reset circuit.

The devices also feature an embedded programmable voltage detector (PVD) that monitors
the Vpp/Vppa power supply and compares it to the Vpyp threshold. An interrupt can be
generated when Vpp/Vppa drops below the Vpyp threshold and/or when Vpp/Vppa is
higher than the Vpyp threshold. The interrupt service routine can then generate a warning
message and/or put the MCU into a safe state. The PVD is enabled by software.

Internal reset OFF

This feature is available only on packages featuring the PDR_ON pin. The internal power-on
reset (POR) / power-down reset (PDR) circuitry is disabled by setting the PDR_ON pin to
low.

An external power supply supervisor should monitor Vpp and should maintain the device in
reset mode as long as Vpp is below a specified threshold. PDR_ON should be connected to
this external power supply supervisor. Refer to Figure 5: Power supply supervisor
interconnection with internal reset OFF.

Figure 5. Power supply supervisor interconnection with internal reset OFfF(")

| External Vpp power supply supervisor

Ext. reset controller active when

Vop <17V
T

—J
PDR_ON

Application reset
NRsT [T signal (optional)

——— 1 Voo

MS31383V3

1. The PRD_ON pin is only available on the WLCSP49 and UFBGA100 packages.

DoclD024738 Rev 6 ‘Yl




STM32F401xB STM32F401xC Functional overview

Figure 7. Regulator OFF
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The following conditions must be respected:

e Vpp should always be higher than Vcap 1 and Vcap 2 to avoid current injection
between power domains.

e Ifthetime for Voap 4 @and Vepp 2 to reach V4, minimum value is faster than the time for
Vpp to reach 1.7 V, then PAO should be kept low to cover both conditions: until Veap 1
and Vcap o reach Vi minimum value and until Vpp reaches 1.7 V (see Figure 8).

e  Otherwise, if the time for Vcap 1 and Vcap o to reach V4 minimum value is slower
than the time for Vpp to reach 1.7 V, then PAO could be asserted low externally (see
Figure 9).

e IfVcap 1and Vcap 2 go below V4, minimum value and Vpp is higher than 1.7 V, then a
reset must be asserted on PAO pin.

Note: The minimum value of V{5 depends on the maximum frequency targeted in the application

3
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3.17

3.18

Note:
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The RTC and backup registers are supplied through a switch that is powered either from the
Vpp supply when present or from the Vgar pin.

Low-power modes

The devices support three low-power modes to achieve the best compromise between low
power consumption, short startup time and available wakeup sources:

e Sleep mode

In Sleep mode, only the CPU is stopped. All peripherals continue to operate and can
wake up the CPU when an interrupt/event occurs.

e Stop mode

The Stop mode achieves the lowest power consumption while retaining the contents of
SRAM and registers. All clocks in the 1.2 V domain are stopped, the PLL, the HSI RC
and the HSE crystal oscillators are disabled. The voltage regulator can also be put
either in normal or in low-power mode.

The devices can be woken up from the Stop mode by any of the EXTI line (the EXTI
line source can be one of the 16 external lines, the PVD output, the RTC alarm/
wakeup/ tamper/ time stamp events).

e Standby mode

The Standby mode is used to achieve the lowest power consumption. The internal
voltage regulator is switched off so that the entire 1.2 V domain is powered off. The
PLL, the HSI RC and the HSE crystal oscillators are also switched off. After entering
Standby mode, the SRAM and register contents are lost except for registers in the
backup domain when selected.

The devices exit the Standby mode when an external reset (NRST pin), an IWDG reset,
a rising edge on the WKUP pin, or an RTC alarm/ wakeup/ tamper/time stamp event
occurs.

Standby mode is not supported when the embedded voltage regulator is bypassed and
the 1.2 V domain is controlled by an external power.

VpaTt Operation

The VBAT pin allows to power the device Vg1 domain from an external battery, an external
super-capacitor, or from Vpp when no external battery and an external super-capacitor are
present.

Vgat operation is activated when Vpp is not present.
The VBAT pin supplies the RTC and the backup registers.

When the microcontroller is supplied from VBAT, external interrupts and RTC alarm/events
do not exit it from Vgt operation. When PDR_ON pin is not connected to Vpp (internal
Reset OFF), the Vgt functionality is no more available and VBAT pin should be connected
to VDD'

3
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Table 6. USART feature comparison

USART
name

Standard
features

Modem
(RTSICTS)

LIN

SPI
master

irDA

Smartcard
(ISO 7816)

Max. baud
rate in Mbit/s
(oversampling
by 16)

Max. baud
rate in Mbit/s
(oversampling
by 8)

APB
mapping

USART1

5.25

10.5

APB2
(max.

84 MHz)

USART2

APB1
(max.
42 MHz)

2.62 5.25

USARTG6

APB2
(max.
84 MHz)

5.25 10.5

3.22

3.23

3.24

29/135

Serial peripheral interface (SPI)

The devices feature up to four SPIs in slave and master modes in full-duplex and simplex
communication modes. SPI1 and SPI4 can communicate at up to 42 Mbit/s, SPI2 and SPI3
can communicate at up to 21 Mbit/s. The 3-bit prescaler gives 8 master mode frequencies
and the frame is configurable to 8 bits or 16 bits. The hardware CRC generation/verification
supports basic SD Card/MMC modes. All SPIs can be served by the DMA controller.

The SPI interface can be configured to operate in TI mode for communications in master
mode and slave mode.

Inter-integrated sound (IZS)

Two standard I1%S interfaces (multiplexed with SPI2 and SPI3) are available. They can be
operated in master or slave mode, in full duplex and simplex communication modes and
can be configured to operate with a 16-/32-bit resolution as an input or output channel.
Audio sampling frequencies from 8 kHz up to 192 kHz are supported. When either or both of
the I12S interfaces is/are configured in master mode, the master clock can be output to the
external DAC/CODEC at 256 times the sampling frequency.

All 12Sx can be served by the DMA controller.

Audio PLL (PLLI2S)

The devices feature an additional dedicated PLL for audio 12S application. It allows to
achieve error-free 1°S sampling clock accuracy without compromising on the CPU
performance.

The PLLI2S configuration can be modified to manage an 1°s sample rate change without
disabling the main PLL (PLL) used for the CPU.

The audio PLL can be programmed with very low error to obtain sampling rates ranging
from 8 kHz to 192 kHz.

In addition to the audio PLL, a master clock input pin can be used to synchronize the 12S
flow with an external PLL (or Codec output).

S74
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3.29

3.30

3.31

31/135

The ADC can be served by the DMA controller. An analog watchdog feature allows very
precise monitoring of the converted voltage of one, some or all selected channels. An
interrupt is generated when the converted voltage is outside the programmed thresholds.

To synchronize A/D conversion and timers, the ADCs could be triggered by any of TIM1,
TIM2, TIM3, TIM4 or TIM5 timer.

Temperature sensor

The temperature sensor has to generate a voltage that varies linearly with temperature. The
conversion range is between 1.7 V and 3.6 V. The temperature sensor is internally
connected to the ADC_IN18 input channel which is used to convert the sensor output
voltage into a digital value. Refer to the reference manual for additional information.

As the offset of the temperature sensor varies from chip to chip due to process variation, the
internal temperature sensor is mainly suitable for applications that detect temperature
changes instead of absolute temperatures. If an accurate temperature reading is needed,
then an external temperature sensor part should be used.

Serial wire JTAG debug port (SWJ-DP)

The ARM SWJ-DP interface is embedded, and is a combined JTAG and serial wire debug
port that enables either a serial wire debug or a JTAG probe to be connected to the target.

Debug is performed using 2 pins only instead of 5 required by the JTAG (JTAG pins could
be re-use as GPIO with alternate function): the JTAG TMS and TCK pins are shared with
SWDIO and SWCLK, respectively, and a specific sequence on the TMS pin is used to
switch between JTAG-DP and SW-DP.

Embedded Trace Macrocell™

The ARM Embedded Trace Macrocell provides a greater visibility of the instruction and data
flow inside the CPU core by streaming compressed data at a very high rate from the
STM32F401xB/STM32F401xC through a small number of ETM pins to an external
hardware trace port analyzer (TPA) device. The TPA is connected to a host computer using
any high-speed channel available. Real-time instruction and data flow activity can be
recorded and then formatted for display on the host computer that runs the debugger
software. TPA hardware is commercially available from common development tool vendors.

The Embedded Trace Macrocell operates with third party debugger software tools.

3
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Pinouts and pin description

STM32F401xB STM32F401xC

Table 8. STM32F401xB/STM32F401xC pin definitions (continued)

Pin Number o
o Pin name 4 5 n
. 5 e
S|y|3 ‘8_ 2 (function 212 % Alternate functions Addltl_onal
Zlola|lag | < ml el gl 2 functions
Lo |x | ¢ | after reset) =
S|g|9|8 ¢ e
= 41| 35 =
USART2_RX, TIM2_CH4,
13| E4 (17| 26 | L3 PA3 /10 |FT - TIM5_CH4, TIM9_CH2, ADC1_IN3
EVENTOUT
- - | 18| 27 - VSS S | - - - -
- - 119 28 - VDD S | - - - -
BYPASS _
- - - - E3 REG | |FT - - -
SPI1_NSS,
14 | G620 | 29 | M3 PA4 /0 |FT - SPI3_NSS/I12S3_WS, ADC1_IN4
USART2_CK, EVENTOUT
SPI1_SCK,
15| F5(21| 30 | K4 PA5 /0 |FT - TIM2_CH1/TIM2_ETR, ADC1_IN5
EVENTOUT
SPI1_MISO, TIM1_BKIN,
16 | F4 (22 | 31 | L4 PA6 /10 |FT - TIM3_CH1, EVENTOUT ADC1_IN6
SPI1_MOSI, TIM1_CH1N,
17 | F3 (23| 32 | M4 PA7 /0 |FT - TIM3_CH2, EVENTOUT ADC1_IN7
- - 24|33 | K5 PC4 /0 |FT - EVENTOUT ADC1_IN14
- - 25|34 | L5 PC5 /0 |FT - EVENTOUT ADC1_IN15
TIM1_CH2N, TIM3_CH3,
18 |G5(26 | 35 | M5 PBO /0 |FT - EVENTOUT ADC1_IN8
TIM1_CH3N, TIM3_CH4,
19 | G4 | 27 | 36 | M6 PB1 /0 | FT - EVENTOUT ADC1_IN9
20 |G3|28| 37 | L6 PB2 /0 |FT - EVENTOUT BOOT1
- - - | 38 | M7 PE7 /0 |FT - TIM1_ETR, EVENTOUT -
- - - |1 39| L7 PES8 /10 |FT - TIM1_CH1N, EVENTOUT -
- - - | 40 | M8 PE9 /0 |FT - TIM1_CH1, EVENTOUT -
- - - | 41| L8 PE10 /10 |FT - TIM1_CH2N, EVENTOUT -
SPI4_NSS, TIM1_CH?2,
- - - | 42 | M9 PE11 /0 |FT - EVENTOUT -
SPI4_SCK, TIM1_CH3N,
- - - | 43 | L9 PE12 /O |FT - EVENTOUT -
SPI4_MISO, TIM1_CH3,
- - - | 44 |M10 PE13 /0 |FT - EVENTOUT -
39/135 DoclD024738 Rev 6 ‘Yl
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Table 9. Alternate function mapping (continued)

AF00 AF01 AF02 AF03 AF04 AF05 AF06 AF07 AF08 AF09 AF10 | AF11 | AF12 | AF13 | AF14| AF15
Port
TIM/ SPI/SPI2/ SPI3/12S3/
SYS_AF | TIM1/TIM2 TIMT¢I1'IVI1?IIM5 TIM10/ |2c|12/(|:2302/ 1252/SPI3/ gg:g;llzzsszé USART1/ | USART6 ||22((::231 OTG1_FS SDIO
TIM11 12S3/SPl4 USART2
EVENT
x| PHO - - - - - - - - - - - - - - - | ourt
5
& EVENT
PH1 ; ; ; ; ; ; ; ; ; ; ; ; ; ; - | By

OXLOV4ZEINLS axL0ovdZEINLS
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Memory mapping

3

Table 10. STM32F401xB/STM32F401xC
register boundary addresses (continued)

Bus Boundary address Peripheral
0x4001 4C00- 0x4001 FFFF Reserved
0x4001 4800 - 0x4001 4BFF TIM11
0x4001 4400 - 0x4001 47FF TIM10
0x4001 4000 - 0x4001 43FF TIM9
0x4001 3C00 - 0x4001 3FFF EXTI
0x4001 3800 - 0x4001 3BFF SYSCFG
0x4001 3400 - 0x4001 37FF SP14/1254
0x4001 3000 - 0x4001 33FF SPI1
0x4001 2C00 - 0x4001 2FFF SDIO

APB2 0x4001 2400 - 0x4001 2BFF Reserved
0x4001 2000 - 0x4001 23FF ADCA1
0x4001 1800 - 0x4001 1FFF Reserved
0x4001 1400 - 0x4001 17FF USART6
0x4001 1000 - 0x4001 13FF USART1
0x4001 0800 - 0x4001 OFFF Reserved
0x4001 0400 - 0x4001 O07FF TIM8
0x4001 0000 - 0x4001 03FF TIM1
0x4000 7400 - 0x4000 FFFF Reserved
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6.1.7

6.2

57/135

Current consumption measurement

Figure 19. Current consumption measurement scheme
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Absolute maximum ratings

Stresses above the absolute maximum ratings listed in Table 11: Voltage characteristics,
Table 12: Current characteristics, and Table 13: Thermal characteristics may cause
permanent damage to the device. These are stress ratings only and functional operation of
the device at these conditions is not implied. Exposure to maximum rating conditions for
extended periods may affect device reliability. Device mission profile (application conditions)
is compliant with JEDEC JESDA47 Qualification Standard. Extended mission profiles are
available on demand.

Table 11. Voltage characteristics

Symbol Ratings Min Max Unit
Vpp-Vss \E/:t;r)rgﬁl main supply voltage (including Vppa, Vpp and 03 4.0
Input voltage on FT pins® Vgs—0.3 | Vpp*t4.0 | v
VN Input voltage on any other pin Vgs—0.3 4.0
Input voltage for BOOTO Vss 9.0
[AVppyl Variations between different Vpp power pins - 50

Variations between all the different ground pins mV
[Vssx Vssl - 50
SSX7YSS! including Vrer.

see Section 6.3.14:
Absolute maximum
ratings (electrical
sensitivity)

Vespnewm) | Electrostatic discharge voltage (human body model)

1. All main power (Vpp, Vppa) and ground (Vgg, Vssa) pins must always be connected to the external power
supply, in the permitted range.

2. V)N maximum value must always be respected. Refer to Table 12 for the values of the maximum allowed
injected current.

3
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Caution:

3

I/0 system current consumption
The current consumption of the I/O system has two components: static and dynamic.
1/0 static current consumption

All the 1/0Os 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 54: 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 1/0O 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
trigger circuits used to discriminate the input value. Unless this specific configuration is
required by the application, this supply current consumption can be avoided by configuring
these 1/Os in analog mode. This is notably the case of ADC input pins which should be
configured as analog inputs.

Any floating input pin can also settle to an intermediate voltage level or switch inadvertently,
as a result of external electromagnetic noise. To avoid current consumption related to
floating pins, they must either be configured in analog mode, or forced internally to a definite
digital value. This can be done either by using pull-up/down resistors or by configuring the
pins in output mode.

1/0 dynamic current consumption

In addition to the internal peripheral current consumption (see Table 33: Peripheral current
consumption), the 1/Os used by an application also contribute to the current consumption.
When an I/O pin switches, it uses the current from the MCU supply voltage to supply the 1/O
pin circuitry and to charge/discharge the capacitive load (internal or external) connected to
the pin:

ISW = VDDX fSWX C

where
Isw is the current sunk by a switching I/O to charge/discharge the capacitive load
Vpp is the MCU supply voltage
fsw is the I/O switching frequency
C is the total capacitance seen by the 1/O pin: C = C\y1+ Cext

The test pin is configured in push-pull output mode and is toggled by software at a fixed
frequency.
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Figure 25. Typical application with a 32.768 kHz crystal
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6.3.9 Internal clock source characteristics

The parameters given in Table 39 and Table 40 are derived from tests performed under
ambient temperature and Vpp supply voltage conditions summarized in Table 14.

High-speed internal (HSI) RC oscillator

Table 39. HSI oscillator characteristics (1)

Symbol Parameter Conditions Min | Typ | Max | Unit
fusi Frequency - - 16 - MHz
HSI user trimming step(@) - - - 1 %
To=—-40t0 105°C®)| -8 - 45 | %
ACChg
Accuracy of the HSI oscillator | T4 =-10t0 85°C®) | —4 - 4 %
Tp =25 °C4) —1 - 1 %
tsu(HSI)(z) HSI oscillator startup time - - 2.2 4 us

Vpp = 3.3V, Ty =40 to 105 °C unless otherwise specified.
Guaranteed by design.

Guaranteed by characterization.

E

Factory calibrated, parts not soldered.

3
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Figure 26. ACChg, versus temperature
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1. Guaranteed by characterization.
Low-speed internal (LSI) RC oscillator
Table 40. LSI oscillator characteristics (1)
Symbol Parameter Min Typ Max Unit
fLg® Frequency 17 32 47 kHz
tsu<|_s|)<3) LS| oscillator startup time - 15 40 ps
|DD(LSI)(3) LSl oscillator power consumption - 0.4 0.6 MA

1. Vpp =3V, Tp =40 to 105 °C unless otherwise specified.
Guaranteed by characterization.

Guaranteed by design.

79/135 DoclD024738 Rev 6

3




STM32F401xB STM32F401xC Electrical characteristics

Table 54. 1/0 static characteristics (continued)

Symbol Parameter Conditions Min Typ Max Unit
FT and NRST I/O input 10%
hysteresis 1.7 V<Vpp<3.6 V - VDD(3) - \Y
v 1.75VVpp 3.6V,
HYS _ , -40 °C<T, <105 °C
BOOTO I/O input hysteresis - 100 - mV
1.7V<Vpp 3.6V,
0 °C<Tp <105 °C
| I/0 input leakage current () Vss <ViN<Vpp - - + A
Ik H
9 /O FT input leakage current (®) ViN=5V - - 3
All pins
except for
PA10 30 40 50
Weak pull-up [ (OTG_FS_ID
RPU equivalent ) VlN = VSS
resistor(®)
PA10
(OTG_FS_ID 7 10 14
)
kQ
All pins
except for
PA10 30 40 50
Weak pull-down | (OTG_FS_ID
Rpp |equivalent ) - Vin=Vpp
resistor(”)
PA10
(OTG_FS_ID 7 10 14
)
C|O(8) I/O pin capacitance - - 5 - pF
1. Guaranteed by design.
2. Guaranteed by test in production.
3. With a minimum of 200 mV.
4. Leakage could be higher than the maximum value, if negative current is injected on adjacent pins, Refer to Table 53: I/O

current injection susceptibility

5. To sustain a voltage higher than VDD +0.3 V, the internal pull-up/pull-down resistors must be disabled. Leakage could be
higher than the maximum value, if negative current is injected on adjacent pins.Refer to Table 53: I/O current injection
susceptibility

6. Pull-up resistors are designed with a true resistance in series with a switchable PMOS. This PMOS contribution to the
series resistance is minimum (~10% order).

7. Pull-down resistors are designed with a true resistance in series with a switchable NMOS. This NMOS contribution to the
series resistance is minimum (~10% order).

8. Hysteresis voltage between Schmitt trigger switching levels. Guaranteed by characterization.

All I/Os are CMOS and TTL compliant (no software configuration required). Their
characteristics cover more than the strict CMOS-technology or TTL parameters. The
coverage of these requirements for FT 1/Os is shown in Figure 30.

3
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6.3.18

95/135

Figure 32. Recommended NRST pin protection
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The reset network protects the device against parasitic resets.

The external capacitor must be placed as close as possible to the device.

The user must ensure that the level on the NRST pin can go below the V) (yrsT) max level specified in
Table 57. Otherwise the reset is not taken into account by the device.

TIM timer characteristics

The parameters given in Table 58 are guaranteed by design.

Refer to Section 6.3.16: I/O port characteristics for details on the input/output alternate
function characteristics (output compare, input capture, external clock, PWM output).

Table 58. TIMx characteristics(1(2)

Symbol Parameter Conditions(® Min Max Unit
AHB/APBXx prescaler=1 1 - trivMxcLK
or2or 4, leMXCLK =
84 MHz 11.9 - ns

tres(rivy | Timer resolution time
AHB/APBx prescaler>4, 1 - trimxcLk
frimxcLk = 84 MHz 1.9 B ns

fexr Timer external clock 0 frimxcLk/2 MHz
frequency on CH1 to CH4 frivxcLK = 84 MHz 0 42 MHz

Restim Timer resolution - 16/32 bit

16-bit counter clock
tcounTER | period when internal clock |frivxcLk = 84 MHz 0.0119 780 us
is selected
65536 trimxcLk
Maximum possible count ) 65536 X
t
MAX_COUNT |\yith 32-bit counter
frimxcLk = 84 MHz - 51.1 S

1. TIMx is used as a general term to refer to the TIM1 to TIM11 timers.

Guaranteed by design.

The maximum timer frequency on APB1 is 42 MHz and on APB2 is up to 84 MHz, by setting the TIMPRE
bit in the RCC_DCKCFGR register, if APBx prescaler is 1 or 2 or 4, then TIMxCLK = HCKL, otherwise

TIMXCLK >= 4x PCLKXx.

DocID024738 Rev 6

S74




STM32F401xB STM32F401xC

Electrical characteristics

6.3.19 Communications interfaces
I2C interface characteristics
The 12C interface meets the requirements of the standard 1C communication protocol with
the following restrictions: the 1/0 pins SDA and SCL are mapped to are not “true” open-
drain. When configured as open-drain, the PMOS connected between the I/O pin and VDD is
disabled, but is still present.
The 12C characteristics are described in Table59. Refer also to Section 6.3.16: /0O port
characteristics for more details on the input/output alternate function characteristics (SDA
and SCL).
The I2C bus interface supports standard mode (up to 100 kHz) and fast mode (up to 400
kHz). The 12C bus frequency can be increased up to 1 MHz. For more details about the
complete solution, please contact your local ST sales representative.
Table 59. I°C characteristics
Standard mode 12c(") Fast mode 12C(1)(2)
Symbol Parameter Unit
Min Max Min Max
tW(SCLL) SCL clock low time 4.7 - 1.3 -
us
tW(SCLH) SCL clock hlgh time 4.0 - 0.6 -
tsuspa) | SDA setup time 250 - 100 -
thspa) | SDA data hold time 0 - 0 9001
t(SDA) | SDA and SCL rise time - 1000 - 300 ns
trscu)
SDA) | SDA and SCL fall time ; 300 ; 300
tiscL)
th(sTA) Start condition hold time 4.0 - 0.6 -
us
tsu(sTa) Repeated Start condition setup time 4.7 - 0.6 -
tsusto) | Stop condition setup time 4.0 - 0.6 - us
twsTo:sTA) | Stop to Start condition time (bus free) 4.7 - 1.3 - us
Pulse width of the spikes that are
tsp suppressed by the analog filter for 0 50(4) 0 50(4) ns
standard fast mode
Cy Capacitive load for each bus line - 400 - 400 pF

N =

Guaranteed by design.

fgcu« must be at least 2 MHz to achieve standard mode I°C frequencies. It must be at least 4 MHz to achieve fast mode
I

C frequencies, and a multiple of 10 MHz to reach the 400 kHz maximum 1“C fast mode clock.

3. The maximum data hold time has only to be met if the interface does not stretch the low period of SCL signal.

4. The minimum width of the spikes filtered by the analog filter is above tgp (max).

3
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Table 61. SPI dynamic characteristics(! (continued)

Symbol Parameter Conditions Min Typ Max Unit
tymo) Data output valid time | Master mode (after enable edge) - 3 5 ns
th(mo) Data output hold time Master mode (after enable edge) 2 - - ns

1. Guaranteed by characterization.

2. Maximum frequency in Slave transmitter mode is determined by the sum of t,(so) and tg, i) which has to fit into SCK low or
high phase preceding the SCK sampling edge. This value can be achieved when the SPI communicates with a master
having ts,gvi) = 0 while Duty(SCK) = 50%

Figure 34. SPI timing diagram - slave mode and CPHA =0

i - tosok—™ s>
-ty nssy ™ e —twsckHy

H_tr(SCK)_

CPHA=0 2 a— \ |
CPOL=0 1 3 1

—ta(so)'»?—r‘ @_tw(SCKL)_> :

1 —tysoy— —thsoy —tisck—*  —thssop—=

3 / A /
a ‘ r P | r
£ ; P P ! o
X 1 P D | D
@ | CPHA=0 3 \ v | %
CPOL=1 | \ S N 1 N\
_ta(SO)_%<_>'i % ;“—tw(SCKL)—ﬁ i"'tv(SO)'hi _th(SO)+_hi "H‘-tf(SCK)— _tdis(SO)"?_é‘
MISO output4< | First bit OUT >< Next bits OUT >< Last bit OUT >—
§ ;“—th(sn—’%
—tous—* |
MOSI input >< First bit IN >< Next bits IN >< Last bit IN ><
MSv41658V1
Figure 35. SPI timing diagram - slave mode and CPHA = 1(1)
NSS input \ Y/
§ §<—tc<sc+<)—>§ § §
_tsu(NSS)_%<_>‘; i’<_tw(SCKH)_>§ § _tf(SCKT>H<_th(NSS)_>‘: i
CPHA=1 o f y ‘ \ |
5 | cPoL=0 /) | 4 T 3 A 1
IS : ! | | | !
N | | | | | |
O ! ! | Y p i
n : : 1 | | 3

o\ N\ /TN S
CPOL=1 § 3 /

MISO output 4<:>< First bit OUT >< Next bits OUT >< Last bit OUT >—

H‘tsu(s|)'>§ H—th(sn_bi

MOSI input >< First bit IN >< Next bits IN >< Last bit IN ><

MSv41659V1
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Table 70. ADC dynamic accuracy at fopc = 18 MHz - limited test conditions(!)

Symbol Parameter Test conditions Min | Typ | Max | Unit
ENOB Effective number of bits 10.3 | 104 | - bits
: - - - f =18 MHz
Signal-to-noise and distortion ADC

SINAD ratio Vbpa = Vrers= 1.7 V 64 | 642 -
SNR Sianal - - Input Frequency = 20 KHz o 5 dB

ignal-to-noise ratio Temperature = 25 °C 5 -

THD Total harmonic distortion =67 | =72 -

1. Guaranteed by characterization.

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

Symbol Parameter Test conditions Min | Typ | Max | Unit

ENOB Effective number of bits fapc = 36 MHz 10.6 | 10.8 - bits

Signal-to noise and distortion Vbpa = Vrer+ = 3.3V 66 67
ratio

SINAD
Input Frequency =

SNR Signal-to noise ratio 20 KHz 64 | 68 - dB
Temperature = 25 °C

THD Total harmonic distortion =70 | =72 -
1. Guaranteed by characterization.
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 Ijyypiny and Zliyyeiny in
Section 6.3.16 does not affect the ADC accuracy.

3
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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)

Product identification __|

STM32F

|
\LIEIZLCBUE

Date code

Y i ww
Pin 1 identifi | Revisi d
@ gy (e

Msv32168V3

1. Parts marked as “ES”, “E” or accompanied by an Engineering Sample natification 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

DoclD024738 Rev 6




Revision history

STM32F401xB STM32F401xC

133/135

Table 88. Document revision history (continued)

Date

Revision

Changes

06-Aug-2015

Changed current consumption to 128 yA/MHz on cover page.
Updated Table 3: Regulator ON/OFF and internal power supply
supervisor availability for UFQFPN48.

Updated Figure 10: STM32F401xB/STM32F401xC WLCSP49 pinout
to show top view instead of bump view.

Renamed VCAP1/2 into VCAP_1/_2 in Figure 10:
STM32F401xB/STM32F401xC WLCSP49 pinout, Figure 11:
STM32F401xB/STM32F401xC UFQFPN48 pinout, Figure 13:
STM32F401xB/STM32F401xC LQFP100 pinout and Figure 14:
STM32F401xB/STM32F401xC UFBGA100 pinout.

In whole Section 6: Electrical characteristics, modified notes related to
characteristics guaranteed by design and by tests during
characterization.

Updated PLS[2:0]=101 (falling edge) in Table 19: Embedded reset and
power control block characteristics.

Updated Table 39: HSI oscillator characteristics.

Updated Vg in Table 56: I/O AC characteristics.

Added tgp in Table 59: I°C characteristics.

Removed note 1 in Table 67: ADC accuracy at fapc = 18 MHz,

Table 68: ADC accuracy at fapc = 30 MHz and Table 69: ADC
accuracy at fapc = 36 MHz.

Added WLCSP49 Figure 47: WLCSP49 0.4 mm pitch wafer level chip
scale recommended footprint and Table 80: WLCSP49 recommended
PCB design rules (0.4 mm pitch). Added Section : WLCSP49 device
marking.

Updated Section : UFQFPN48 device marking.

Updated Table 82: LQFP64 - 64-pin, 10 x 10 mm, 64-pin low-profile
quad flat package mechanical data and Section : LQFP64 device
marking.

Updated Section : LQFP64 device marking and Section : LQFP100
device marking

Updated Table 84: UFBGA100 - 100-ball, 7 x 7 mm, 0.50 mm pitch,
ultra fine pitch ball grid array package mechanical data, Figure 59:
UFBGA100 - 100-ball, 7 x 7 mm, 0.50 mm pitch, ultra fine pitch ball
grid array package recommended footprint. Added Table 85:
UFBGA100 recommended PCB design rules (0.5 mm pitch BGA).
updated Section : UFBGA100 device marking.

Added Temperature range 7 in Table 87: Ordering information scheme.
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