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3.18

3.18.1

3.18.2
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Power supply supervisor

Internal reset ON

This feature is available for Vpp operating voltage range 1.8 V to 3.6 V.

On packages embedding the PDR_ON pin, the power supply supervisor is enabled by
holding PDR_ON high. On the other package, the power supply supervisor is always
enabled.

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

The device also features 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 set the device in reset
mode when Vpp is below 1.7 V. NRST should be connected to this external power supply
supervisor. Refer to Figure 7: Power supply supervisor interconnection with internal reset
OFF.

3
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3.19

3.19.1

3

Figure 7. Power supply supervisor interconnection with internal reset oFr(")

VDD
| External Vpp power supply supervisor
Ext. reset controller active when
Vpp <1.7V
0
NRST
PDR_ON [
——1 1 Vo
MSv34975V1

1. The PRD_ON pin is available only on WLCSP64, UFBGA100, UFBGA144 and LQFP144 packages.

A comprehensive set of power-saving mode allows to design low-power applications.

When the internal reset is OFF, the following integrated features are no longer supported:
e The integrated power-on reset (POR) / power-down reset (PDR) circuitry is disabled.
e  The brownout reset (BOR) circuitry must be disabled.

e The embedded programmable voltage detector (PVD) is disabled.

e Vgt functionality is no more available and VBAT pin should be connected to Vpp.

Voltage regulator

The regulator has three operating modes:
—  Main regulator mode (MR)
—  Low power regulator (LPR)
—  Power-down

Regulator ON

On packages embedding the BYPASS_REG pin, the regulator is enabled by holding
BYPASS_REG low. On all other packages, the regulator is always enabled.
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3.23.4 Independent watchdog

The independent watchdog is based on a 12-bit downcounter and 8-bit prescaler. It is
clocked from an independent 32 kHz internal RC and as it operates independently from the
main clock, it can operate in Stop and Standby modes. It 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.

3.23.5 Window watchdog

The 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 main clock. It has an early warning interrupt capability and the counter can be frozen in
debug mode.

3.23.6 SysTick timer

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

e A 24-bit downcounter

e Autoreload capability

e Maskable system interrupt generation when the counter reaches 0
e  Programmable clock source.

3.24 Inter-integrated circuit interface (1C)

The devices feature up to four 12C bus interfaces which can operate in multimaster and
slave modes:

e One I%C interface supports the Standard mode (up to 100 kHz), Fast-mode (up to
400 kHz) modes and Fast-mode plus (up to 1 MHz).

e Three I2C interfaces support the Standard mode (up to 100 KHz) and the Fast mode
(up to 400 KHz). Their frequency can be increased up to 1 MHz. For more details on
the complete solution, refer to the nearest STMicroelectronics sales office.

All 12C interfaces features 7/10-bit addressing mode and 7-bit addressing mode (as slave)
and embed a hardware CRC generation/verification.

They can be served by DMA and they support SMBus 2.0/PMBus.

The devices also include programmable analog and digital noise filters (see Table 6).

Table 6. Comparison of 12C analog and digital filters

Analog filter Digital filter
Pulse width Of. >50ns Programmable length from 1 to 15 12C peripheral clocks
suppressed spikes
36/193 DoclD028087 Rev 4 Kys
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3.27

3.28

3.29
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Inter-integrated sound (IZS)

Five standard %S interfaces (multiplexed with SPI1 to SPI5) are available. They can be
operated in master or slave mode, in simplex communication mode, and full duplex mode
for 12S2 and 12S3. All I2S interfaces can be configured to operate with a 16-/32-bit resolution
as an input or output channel. 12Sx audio sampling frequencies from 8 kHz up to 192 kHz
are supported. When either or both of the 12S 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 interfaces can be served by the DMA controller.

Audio PLL (PLLI2S)

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

Different sources can be selected for the 12S master clock of the APB1 and the 12S master
clock of the APB2. This gives the flexibility to work with two different audio sampling
frequencies. The different possible sources are the main PLL, the PLLI2S, HSE or HSI
clocks or an external clock provided through a pin (external PLL or Codec output)

The PLLI2S configuration can be modified to manage an 1S sample rate change without
disabling the main PLL (PLL) used for CPU, USB and Ethernet interfaces.

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

Digital filter for sigma-delta modulators (DFSDM)

The device embeds one DFSDM with 2 digital filters modules and 4 external input serial
channels (transceivers) or alternately 2 internal parallel inputs support.

The DFSDM peripheral is dedicated to interface the external ZA modulators to
microcontroller and then to perform digital filtering of the received data streams (which
represent analog value on A modulators inputs). DFSDM can also interface PDM (Pulse
Density Modulation) microphones and perform PDM to PCM conversion and filtering in
hardware. DFSDM features optional parallel data stream inputs from microcontrollers
memory (through DMA/CPU transfers into DFSDM).

DFSDM transceivers support several serial interface formats (to support various A
modulators). DFSDM digital filter modules perform digital processing according user
selected filter parameters with up to 24-bit final ADC resolution.

3
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3.33

3.34

3.35

3.36

3.37

3

Random number generator (RNG)

All devices embed an RNG that delivers 32-bit random numbers generated by an integrated
analog circuit.

General-purpose input/outputs (GPIOs)

Each of the GPIO pins can be configured by software as output (push-pull or open-drain,
with or without pull-up or pull-down), as input (floating, with or without pull-up or pull-down)
or as peripheral alternate function. Most of the GPIO pins are shared with digital or analog
alternate functions. All GPIOs are high-current-capable and have speed selection to better
manage internal noise, power consumption and electromagnetic emission.

The 1/0 configuration can be locked if needed by following a specific sequence in order to
avoid spurious writing to the 1/Os registers.

Fast I/0 handling allowing maximum I/O toggling up to 100 MHz.

Analog-to-digital converter (ADC)

One 12-bit analog-to-digital converter is embedded and shares up to 16 external channels,
performing conversions in the single-shot or scan mode. In scan mode, automatic
conversion is performed on a selected group of analog inputs.

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.
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Pinouts and pin description

STM32F412xE/G

Table 9. STM32F412xE/G pin definition (continued)

Pin Number
© ° < Pin name
< ) . "
§ > & ‘8_ 2| 3 § (function | Pin Vo Notes Alternate functions Addltl_onal
& & 6| a g g a after1 type | structure functions
gl a8 & o |a|d reset)(!)
5172|3553
TIM5_CH3, FSMC_AS5,
-l -1-|-1]-|E4|15 PF5 110 FT - EVENTOUT -
-|-1|-|10|F2|D2]| 16 VSS S - - - -
-l -] -|1M|G2|D3|17 VDD S - - - -
TRACEDO, TIM10_CH1,
-l -1-1-1]-|F3]18 PF6 110 FT - QUADSPI_BK1_I03, -
EVENTOUT
TRACED1, TIM11_CH1,
-l -1 -1-1-|F2|19 PF7 110 FT - QUADSPI_BK1_102, -
EVENTOUT
TIM13_CH1,
-l -1-1-1]-1]63]20 PF8 110 FT - QUADSPI_BK1_l00, -
EVENTOUT
TIM14_CH1,
-l - - -] - | G2 21 PF9 110 FT - QUADSPI_BK1_I01, -
EVENTOUT
TIM1_ETR, TIM5_CH4,
-l -1 -1-1]- 61|22 PF10 110 FT - EVENTOUT -
5|5 |Ds|12|F1|D1|23| 20 | yo FT @ EVENTOUT OSC_IN
OSC_IN -
6|6 |E8|13|ct|E1|24]| P 1o FT “) EVENTOUT 0SC_OUT
0SC_OuT -
7|7 |D7|14|H2 | F1|25| NRST | 1/O| RST - - NRST
ADC1_10,
- | 8|D5[15| H1 | H1 | 26 PCO 110 FT - EVENTOUT WKUP2
ADC1_11,
- | 9|F8|16| J2 | H2 | 27 PC1 110 FT - EVENTOUT WKUP3
SPI2_MISO, 12S2ext_SD,
- |10 |E7 |17 | J3 | H3 | 28 PC2 1/0 FT - DFSDM1_CKOUT, ADC1_12
FSMC_NWE, EVENTOUT
SPI2_MOSI/12S2_SD,
- |11 |D6|18| K2 | H4 | 29 PC3 110 FT - FSMC_ A0, EVENTOUT ADC1_13
-l -1 -119] - | - |30 VDD S - - - -
VSSA/
8 [12]G8|20| - | - | 31| (27 S - - - -
S I I T T IO L T VSSA S - - - -
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Table 10. STM32F412xE/G alternate functions

AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF12 AF15
12C2/12C3/
Port TV TIM8/ 12C1/ SPI/12S1/ | SPI2/12S2/SPI3 | SPI3/12S3/ | DFSDM1/ | 12CFMP1/ | DFSDM1/
TIM1/ TIM9/ 12C2/ SPI2/12S2/ | N12S3/SPl4/ USART1/ | USART3/ | CAN1/CAN2 | QUADSPI/
SYS_AF TIM2 1.;.'::\"”45’ TIM10/ 12C3/ SPI3/12S3/ | 12S4/SPI5/12S5 | USART2/ | USART6/ |  [TIM12/ Fsmc | FSMC/SDIO | SYS_AF
TIM11 I2CFMP1 | SPI4/12S4 | /DFSDM1 USART3 CAN1 |TIMA3/TIM14| /OTG1_FS
JQUADSPI
TIM2_CH1/
PAQ ; Mz ETR | TM5_CH1 | TiMB_ETR - ; . USART2_CTS - . . - EVENTOUT
SPI4_MOSI/! QUADSPI_
PA1 ; TIM2_CH2 | TIM5_CH2 - - 253 Sb ; USART2_RTS - B 103 ; - EVENTOUT
PA2 ; TIM2_CH3 | TIM5_CH3 | TIMg_CH1 - 1252_CKIN - USART2_TX : - - FSMC_D4 | EVENTOUT
PA3 ; TIM2_CH4 | TIM5_CH4 | TIMg_CH2 - 12S2_MCK - USART2_RX : : - FSMC_D5 | EVENTOUT
SPI1_NSS/I2 | SPI3_NSS/ DFSDM1_ ] ]
PA4 ; ; ; . . orws 555 WS usaArT2_cK | PESDVH FSMC_D6 | EVENTOUT
TIM2_CH1/ SPI1_SCK/ DFSDM1_
PA5 ; TIME_ ETR ; TIM8_CH1N - 8T oK ; ; v . . FSMC_D7 | EVENTOUT
TIM13_ QUADSPI_
PAG ; TIM1_BKIN | TIM3_CH1 | TIM8_BKIN : SPI_MISO | 1282 MCK ; - b By 100" | SPIO_CMD | EVENTOUT
SPI1_MOSI/I TIM14_ QUADSPI_ ]
. PA7 ; TIMA_CHIN | TIM3_CH2 | TIM8_CH1N - 287 50 ; ; . o B2 1o EVENTOUT
5 USB_FS
S | Pa8 | Mco 1 | TIM1_cH1 ; - 12c3_SCL ; . USART1_CK - . e SDIO_D1 | EVENTOUT
12C3_ USB_FS_

PA9 ; TIM1_CH2 ; - vy ; ; USART1_TX - ; Sels SDIO_D2 | EVENTOUT
PA10 ; TIM1_CH3 ; - - ; SPIS_MOSI | jsART1 RX - . USB_FS_ID - EVENTOUT
12S5_SD

USART6_
PA11 ; TIM1_CH4 ; - - ; SPI4_MISO | USART1_CTS SN CAN1_RX | USB_FS_DM - EVENTOUT
PA12 ; TIM1_ETR ; - - ; SPIs_MISO | UsART1_RTs | USARTO_ | cani_x | use_Fs op - EVENTOUT
JTMS-
Pa13 | JIS ; ; . . ; ; ; . ; ; . EVENTOUT
JTCK-
Pat4 | g1t ; ; - - ; ; ; - ; ; - EVENTOUT
TIM2_CH1/ SPI1_NSS/ | SPI3_NSS/
pats | ol | EE-ERY ; - - 5ST WS 585 WS USART1_TX i ; ; - EVENTOUT

O/3AXCLV4ZENLS

uonduosap uid pue sinould



Electrical characteristics STM32F412xE/G

6.3 Operating conditions

6.3.1 General operating conditions

Table 15. General operating conditions

Symbol Parameter Conditions Min | Typ | Max | Unit

Power Scale3: Regulator ON,

0 - 64
VOSI1:0] bits in PWR_CR register = 0x01
Power Scale2: Regulator ON,
f Int | AHB clock fi 0 - 84 |MH
Holk | Internal AR CIoCKITeqUENCY | \ /651407 bits in PWR_CR register = 0x10 z
Power Scale1: Regulator ON, 0 100
VOSI[1:0] bits in PWR_CR register = 0x11
Internal APB1 clock
froLki frequency ) 0 ) S0 | MHz
Internal APB2 clock
fPCLK2 frequency - 0 - 100 MHz
Vb Standard operating voltage - 1.7 - 3.6 V
Analog operating voltage
(ADC limited to 1.2 M 1.7M 1 - | 24
samples)
VppaP® Must be the same potential as Vpp®) %
Analog operating voltage
(ADC limited to 2.4 M 24 - 3.6
samples)
USB supply voltage USB not used 1.7 3.3 3.6
Vppusge | (supply voltage for PA11 and V
PA12 pins) USB used® 30 | - 36
VBT Backup operating voltage - 1.65 - 3.6 \Y,

VOSI[1:0] bits in PWR_CR register = 0x01
Max frequency 64 MHz

VOSI[1:0] bits in PWR_CR register = 0x10
Max frequency 84 MHz

VOSI[1:0] bits in PWR_CR register = 0x11
Max frequency 100 MHz

1.08©) | 1.14 | 1.20©)

Regulator ON: 1.2V

Vi internal voltage on
VCAP_1/VCAP_2 pins

1200|126 1.320) | v

126 |1.32| 1.38

Regulator OFF: 1.2V Max frequency 64 MHz 1.10 {114 | 1.20

v,, |&emalvoltagemustbe Iy, ro uency 84 MHz 120 [1.26| 132 | V
supplied on
VCAP_1/VCAP_2 pins Max frequency 100 MHz 126 |1.32| 1.38
Input voltage on RST, FTand |2V <Vpp<3.6 V -03 | - 5.5

o7

vy | TCpins” Vpp<2V 03 | - | 52 |V

Input voltage on BOOTO pin - 0 - 9
76/193 DoclD028087 Rev 4 Kys
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2. 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_CR?2 register).

3. Tested in production.

Table 29. Typical and maximum current consumption in Sleep mode - Vpp = 1.7 V

Typ Max(!)
ags fHCLK .
Symbol Parameter Conditions (MHz) Tp= Tp= Tp= Tp= Unit
25°C 25°C 85°C [ 105°C
100 17.3 18.62 19.90 | 21.40
84 14.0 15.08 16.04 17.16
External clock,
PLL ON, 64 9.7 10.41 11.02 | 11.80
Flash deep power down, 50 76 8.27 8.89 9.62
all peripherals enabled@
25 4.2 4.79 5.35 6.00
20 3.7 4.11 4.67 5.31
HSI, PLL OFF(®), 16 2.4 2.81 345 | 4.20
Flash deep power down,
| Supply current | all peripherals enabled 1 0.5 0.67 1.27 1.91 A
; m
PD lin Sleep mode 100 17.8 | 19.08 | 20.35 | 21.90
84 14.4 15.49 16.42 17.59
External clock, PLL ON®@ 64 10.0 10.76 | 11.43 | 12.18
all peripherals enabled,
Flash ON 50 7.9 8.58 9.19 9.94
25 4.4 4.99 5.54 6.21
20 4.0 4.42 4.95 5.64
HSI, PLL OFF@), all 16 27 3.09 375 | 4.49
peripherals enabled,
Flash ON 1 0.8 0.93 1.52 2.18
90/193 DoclD028087 Rev 4 ‘Yl
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Table 34. Typical and maximum current consumptions in Vgar mode

Typ Max(?)
=985 © Ta= | Ta=
Symbol | Parameter Conditions(!) Ta=25°C 85 °C |105 °C| Unit
VBar =| VBaT= |VBAT = |VBAT = -
17V |24V |33V |36V | VBAT=36V
'a‘r’iy‘;srzﬁzg)°:§g'aé%%sNE inlow- | 474 | 087 | 1.04 | 1.11 | 30 | 50
Backup
Ipp veaT|domain supply [Low-speed oscillator (LSE in high- MA
- current drive mode) and RTC ON 152 1170 | 1.97 | 2.09 3.8 58
RTC and LSE OFF 0.04 | 0.04 | 0.05 | 0.05 | 2.0 4.0
1. Crystal used: Abracon ABS07-120-32.768 kHz-T with a C|_ of 6 pF for typical values.
2. Guaranteed by characterization, not tested in production.
Figure 24. Typical Vgt current consumption (LSE and RTC ON/LSE oscillator
“low power” mode selection)
3.50
!
—t=—1.65V
—=-1.7V
2 == 1.8V
= =2\
g 2.4V
>| -2
a =-0=2.7V
@)
- 3v
0.00
0 15 30 45 60 75 20 105
Temperature (°C)
MS39023V1
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3

On-chip peripheral current consumption

The MCU is placed under the following conditions:
At startup, all I/0 pins are in analog input configuration.
All peripherals are disabled unless otherwise mentioned.
The ART accelerator is ON.
Voltage Scale 2 mode selected, internal digital voltage V12 = 1.26 V.

HCLK is the system clock at 100 MHz. foc| k1 = fHoLk/2, and fec k2 = fHeLk:
The given value is calculated by measuring the difference of current consumption
— with all peripherals clocked off,

—  with only one peripheral clocked on,

—  scale 1 with fyc k = 100 MHz,
—  scale 2 with fyc k = 84 MHz,
—  scale 3 with fyc k = 64 MHz.
Ambient operating temperature is 25 °C and Vpp=3.3 V.

Table 36. Peripheral current consumption

Ipp (Typ)
Peripheral Unit
Scale 1 Scale 2 Scale 3
GPIOA 1.84 1.75 1.55
GPIOB 1.90 1.80 1.61
GPIOC 1.77 1.67 1.50
GPIOD 1.67 1.58 1.42
GPIOE 1.75 1.67 1.48
AHB1 GPIOF 1.65 1.56 1.39
GPIOG 1.65 1.56 1.39
GPIOH 0.62 0.57 0.53 HA/MHz
CRC 0.26 0.25 0.22
DMA1(" 1,71N+2,98 | 1,62N+2,87 | 1,45N+2,58
DMA2(") 1,78N+2,62 | 1,70N+2.53 | 1,52N+2.26
RNG 0.77 0.74 0.66
AHB2
USB_OTG_FS 19.68 18.73 16.78
FSMC 5.36 5.11 4.56
AHB3
QSPI 9.99 9.51 8.53
DoclD028087 Rev 4 97/193
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Table 49. Flash memory programming with Vpp voltage

Symbol Parameter Conditions Min(") Typ Max(!) | Unit
torog Double word programming - 16 100@ | ps
terase1eke | Sector (16 KB) erase time Tp = 0 to +40 °C - 230 -
tERASE64KB Sector (64 KB) erase time VDD =33V - 490 - ms
terasE128KB | Sector (128 KB) erase time Vpp=8.5V - 875 -
tve Mass erase time - 6.9 - ]
Vorog Programming voltage - 2.7 - 3.6 \%
Vpp Vpp voltage range - 7 - 9 \Y
Minimum current sunk on
lpp the Vpp pin i 10 ) i mA
A3) Cumulative time during ) i _
tvep which Vpp is applied 1| hour
1. Guaranteed by design, not tested in production.
The maximum programming time is measured after 100K erase operations.
3. Vpp should only be connected during programming/erasing.
Table 50. Flash memory endurance and data retention
Value
Symbol Parameter Conditions Unit
Min(")
Tp = —40 to +85 °C (6 suffix versions)
N Endurance kcycles
END Tp =—40 to +105 °C (7 suffix versions) 10 4
1 keycle® at T, = 85 °C 30
trer | Data retention |1 kcycle®® at To = 105 °C 10 Years
10 keycle® at T, = 55 °C 20

1. Guaranteed by characterization, not tested in production.

2. Cycling performed over the whole temperature range.

6.3.13 EMC characteristics

Susceptibility tests are performed on a sample basis during device characterization.

Functional EMS (electromagnetic susceptibility)

While a simple application is executed on the device (toggling 2 LEDs through 1/O ports).

the device is stressed by two electromagnetic events until a failure occurs. The failure is

indicated by the LEDs:

e Electrostatic discharge (ESD) (positive and negative) is applied to all device pins until
a functional disturbance occurs. This test is compliant with the IEC 61000-4-2 standard.

e FTB: A burst of fast transient voltage (positive and negative) is applied to Vpp and Vgg
through a 100 pF capacitor, until a functional disturbance occurs. This test is compliant
with the IEC 61000-4-4 standard.

A device reset allows normal operations to be resumed.

3

DocID028087 Rev 4 113/193




Electrical characteristics

STM32F412xE/G

SPIl interface characteristics

Unless otherwise specified, the parameters given in Table 64 for the SPI interface are
derived from tests performed under the ambient temperature, fpoc kx frequency and Vpp
supply voltage conditions summarized in Table 15, with the following configuration:

e  Output speed is set to OSPEEDRYy[1:0] = 10
e Capacitive load C = 30 pF
e  Measurement points are done at CMOS levels: 0.5Vpp

Refer to Section 6.3.16: I/O port characteristics for more details on the input/output alternate
function characteristics (NSS, SCK, MOSI, MISO for SPI).

Table 64. SPI dynamic characteristics(!)

Symbol

Parameter

Conditions

Min

Typ

Max

Unit

fsck
1(sck)

SPI clock frequency

Master full duplex/receiver mode,
27V <Vpp<36V

SPI1/4/5

50

Master transmitter mode
1.7V <Vpp<36V
SPI1/4/5

50

Master mode
1.7V <Vpp<36V
SPI1/2/3/4/5

25

Slave transmitter/full duplex mode

2.7V < VDD <36V
SPI1//4/5

50

MHz

Slave transmitter/full duplex mode
1.7V <Vpp<36V
SPI1/4/5

35(2)

Slave receiver mode,
1.7V <Vpp<36V

SP11/4/5

50

Slave mode,
1.7V <Vpp<36V
SPI2/3

25

Duty(SCK)

Duty cycle of SPI clock
frequency

Slave mode

30

50

70

%

tw(sckh)
tw(sckr)

SCK high and low time

Master mode, SPI presc = 2

TPCLK_1 5

TPCLK

Tecik
+1.5

ns

tsunss)

NSS setup time

Slave mode, SPI presc = 2

3TPCLK

ns

thnss)

NSS hold time

Slave mode, SPI presc = 2

2Tpcrk

ns

tsuqvy

tsu(siy

Data input setup time

Master mode

4.5

ns

Slave mode

1.5

ns

thom)

thesiy

Data input hold time

Master mode

ns

Slave mode

0.5

ns
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1. C_=30pF.

2. Based on characterization, not tested in production.

Table 86. Asynchronous non-multiplexed SRAM/PSRAM/NOR write -

NWAIT timings(1

Symbol Parameter Min Max Unit
tW(NE) FSMC_NE low time STHCLK -1 8THCLK +0.5
tW(NWE) FSMC_NWE low time 6THCLK +0.5 6THCLK +1
ns
tSU(NWAIT_NE) FSMC_NWA'T valid before FSMC_NEX hlgh 6THCLK +0.5 -
FSMC_NEXx hold time after FSMC_NWAIT
th(NE_NWAIT) | invalid 4Therk + 1 -
1. C_=30pF.
2. Based on characterization, not tested in production.
Figure 52. Asynchronous multiplexed PSRAM/NOR read waveforms
twNe)
FSMC_NE \ /
—  tyNOE NE) th(NE_NOE) P
FSMC_NOE /_
LT S T ——
FSMC_NWE [ \
> tya NE) tha_NoE) e
FSMC_A[25:16] ¢ Address
14 tye N thL_NoE) T
FSMC_NBL[1:0] NBL
P»— = thDataNE)
[—— tsy(pata_NE) >
A NE) — tsy(ata_NOE) > th(Data_NOE)
FSMC_AD[15:0] Address )—( Data )<
tv(NADV_NE) 9 > thean_NADY)
> twnaDV)
FSMC_NADV \ /
FSMC_NWAIT
thNE_NWAIT) P
tsuNWAIT NE) ——P
MSv39035V1
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Table 100. UFQFPN48 - 48-lead, 7x7 mm, 0.5 mm pitch, ultra thin fine pitch quad flat
package mechanical data (continued)

millimeters inches(?
Symbol
Min. Typ. Max. Min. Typ. Max.
E2 5.500 5.600 5.700 0.2165 0.2205 0.2244
0.300 0.400 0.500 0.0118 0.0157 0.0197
T - 0.152 - - 0.0060 -
0.200 0.250 0.300 0.0079 0.0098 0.0118
e - 0.500 - - 0.0197 -
ddd - - 0.080 - - 0.0031

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

Figure 64. UFQFPN48 recommended footprint
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1. Dimensions are in millimeters.
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Figure 67. LQFP64 recommended footprint
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1. Dimensions are in millimeters.
Device marking for LQFP64

The following figure gives an example of topside marking and pin 1 position identifier
location.

Figure 68. LQFP64 marking example (package top view)

Revision code

R

STM32F4u1L2

N\
\‘RGTI:.

Product identification"

Date code

Y wWww

Pin 1

indentifier \. "—l Q

MSv37286V1

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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Device marking for UFBGA100

The following figure gives an example of topside marking and ball 1 position identifier

location.

Figure 77. UFBGA100 marking example (package top view)

Product identification”

Ball 1 identification

> STM32F

[

412VGHE

Date code

=year +

Y

Ww

e &7 O

week

Additional information

MSv39448V1

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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Table 110. Document revision history

Date

Revision

Changes

10-Nov-2015

1

Initial release.

01-Feb-2016

Added

— Table 3: Embedded bootloader interfaces

— Figure 3: Compatible board design for LQFP144 package

— Figure 62: WLCSP64 marking example (package top view)
— Figure 77: UFBGA 100 marking example (package top view)
Updated

— Section 3.17: Power supply schemes

— Section 3.23: Timers and watchdogs

— Section 3.32: Universal serial bus on-the-go full-speed (USB_OTG_FS)
— Figure 1: Compatible board design for LQFP100 package

— Figure 2: Compatible board design for LQFP64 package

— Figure 14: STM32F412xE/G LQFP100 pinout

— Figure 16: STM32F412xE/G UFBGA100 pinout

— Figure 17: STM32F412xE/G UFBGA144 pinout

— Figure 20: Input voltage measurement

— Figure 80: UFBGA 144 marking example (package top view)
— Table 2: STM32F412xE/G features and peripheral counts

— Table 9: STM32F412xE/G pin definition

— Table 12: Voltage characteristics

— Table 13: Current characteristics

— Table 15: General operating conditions

— Table 36: Peripheral current consumption

— Table 51: EMS characteristics for LQFP144 package

— Table 63: FMPI2C characteristics
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IMPORTANT NOTICE — PLEASE READ CAREFULLY

STMicroelectronics NV and its subsidiaries (“ST”) reserve the right to make changes, corrections, enhancements, modifications, and
improvements to ST products and/or to this document at any time without notice. Purchasers should obtain the latest relevant information on
ST products before placing orders. ST products are sold pursuant to ST’s terms and conditions of sale in place at the time of order
acknowledgement.

Purchasers are solely responsible for the choice, selection, and use of ST products and ST assumes no liability for application assistance or
the design of Purchasers’ products.

No license, express or implied, to any intellectual property right is granted by ST herein.

Resale of ST products with provisions different from the information set forth herein shall void any warranty granted by ST for such product.

ST and the ST logo are trademarks of ST. All other product or service names are the property of their respective owners.

Information in this document supersedes and replaces information previously supplied in any prior versions of this document.

© 2016 STMicroelectronics — All rights reserved
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