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Functional overview STM32F412xE/G

3.18

3.18.1

3.18.2

26/193

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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STM32F412xE/G

Pinouts and pin description

Figure 14. STM32F412xE/G LQFP100 pinout
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PAO O 23 53 O PB14
PA1 O 24 52 1 PB13
PA2 O 25 511 PB12
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1. The above figure shows the package top view.
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STM32F412xE/G

Pinouts and pin description

Table 9. STM32F412xE/G pin definition

Pin Number
o ° < Pin name
* - - e
; > & § S| = § (function | Pin Vo Notes Alternate functions Addltl_onal
ala g a g g Y after1 type | structure functions
gl o9& o |m|& reset)(!)
TS N i B TR T
=2 s | s |
TRACECLK,
SPI4_SCK/I2S4_CK,
-l - -|1]B2|A3| 1 PE2 /0 FT - SPI5_SCK/I2S5_CK, -
QUADSPI_BK1_l02,
FSMC_A23, EVENTOUT
TRACEDO, FSMC_A19,
-l -l -2 (A1]A2]| 2 PE3 I/0 FT - EVENTOUT -
TRACED1,
SPI4_NSS/I2S4 WS,
-|-|-|3|B1|B2|3 PE4 /0 FT - SPI5_NSS/I2S5_WS, -
DFSDM1_DATINS,
FSMC_A20, EVENTOUT
TRACED2, TIM9_CH1,
SPI4_MISO, SPI5_MISO,
- | -|-|4|C2|B3]| 4 PE5 /0 FT - DFSDM1_CKIN3, -
FSMC_A21, EVENTOUT
TRACED3, TIM9_CH?2,
SPI4_MOSI/I2S4_SD,
S| 8| P2 B4 S PE6 Vo FT ) SPI5_MOSI/I12S5_SD, )
FSMC_A22, EVENTOUT
111 |B7| 6 |E2|C2]| 6 VBAT S - - - VBAT
2|2 |B8|7|C1|A1]| 7 PC13 110 FT 2)3) EVENTOUT TAMP_1
PC14- (2)3)
3[3|C8|8|D1|B1|8 |55530 N| O FT @) EVENTOUT 0SC32_IN
PC15-
4| 4|C7|9|E1|[C1| 9 | 0SC32_|lO FT | @@ EVENTOUT o%%:aTz_
ouT
12C2_SDA, FSMC_A0,
-l -l-1-1]-1]¢c3|10 PFO 110 FT - EVENTOUT -
I2C2_SCL, FSMC_A1,
-l -l - -] - ]cal PF1 110 FT - EVENTOUT -
12C2_SMBA, FSMC_A2,
-l - -|-1] - |D4|12 PF2 110 FT - EVENTOUT -
TIM5_CH1, FSMC_A3,
-l -l -1-1]-|E2]13 PF3 110 FT - EVENTOUT -
TIM5_CH2, FSMC_A4,
-l -l -|-1] - |E3|14 PF4 e} FT - EVENTOUT -
‘Yl DoclD028087 Rev 4 49/193




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
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Table 10. STM32F412xE/G alternate functions (continued)

AF0 AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF12 AF15
12C2/12C3/
Port S TIM8/ 12c1/ SPI/I1281/ | SPI2/12S2/SPI3 | SPI3/1283/ | DFSDM1/ | 12CFMP1/ | DFSDM1/
TIM1/ TIMg/ 12c2/ SPI2/12S2/ | /N2S3/SPI4/ | USART1/ | USART3/ | CANT/CAN2 | QUADSPI/
SYS_AF | 1im2 ';'I'I‘\"n“s’ TIM10/ 12C3/ SPI3/I12S3/ | 12S4/SPI5/12S5 | USART2/ | USART6/ |  ITIMA2/ Fsmc | FSMC/SDIO | SYS_AF
TIM11 I2CFMP1 | SPI4/12S4 | /DFSDM1 USART3 CAN1 |TIM13/TIM14| /OTG1_FS
/QUADSPI
PGO ] ] ] ] ] . . ; ; CAN1_RX ; FSMC_A10 | EVENTOUT
PG1 ; ; ; ; ; ; ; ; ; CAN1_TX ; FSMC_A11 | EVENTOUT
PG2 ] ] ] ] ] ] ] ; ; ; ; FSMC_A12 | EVENTOUT
PG3 ] ] ] ] ] ] ] ; ; ; ; FSMC_A13 | EVENTOUT
PG4 ] ] ] ] . ] ] ; ; ; ; FSMC_A14 | EVENTOUT
PGS ] ] ] ] ] ] ] ; ; ; ; FSMC_A15 | EVENTOUT
QUADSPI_
PG6 - - - - - - - - - - BK1 _NCS - EVENTOUT
PG7 ; ; ; ; ; ; ; ; USART6_ ; ; ; EVENTOUT
CK
(0]
b USART6
[} - - - - - - - - —-_ - - -
e | PG8 RTS EVENTOUT
USART6_ | QUADSPI_
PGY ; ; ; ; ; ; ; ; o B 102 ; FSMC_NE2 | EVENTOUT
PG10 - - - - - - - - - - - FSMC_NE3 | EVENTOUT
PG ] ] ] ] ; ; ; ; ; CAN2_RX ; ; EVENTOUT
PG12 ] ) ) ; ; ; ; ; USART6- | canz_Tx ; FSMC_NE4 | EVENTOUT
PG13 | TRACED2 ; ; - - ; - ; USQESTB— - R FSMC_A24 | EVENTOUT
USART6_ | QUADSPI_
PG14 | TRACED3 ; ; ; ; ; ; ; M B 103 ; FSMC_A25 | EVENTOUT
USART6_
PG15 - - - - - - - - cTs - - - EVENTOUT
-~ | PHO - - - - - - - - - - - - EVENTOUT
b=l
[}
a | PH1 - - - - - - - - - - - - EVENTOUT

O/3AXCLV4ZENLS
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Memory mapping STM32F412xE/G

Table 11. STM32F412xE/G register boundary addresses (continued)

Bus Boundary address Peripheral

0x4001 6400- 0x4001 FFFF Reserved
0x4001 6000 - 0x4001 63FF DFSDM1
0x4001 5400 - 0x4001 SFFF Reserved
0x4001 5000 - 0x4001 53FF SPI5/12S5
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
APB2 0x4001 3000 - 0x4001 33FF SPI1/1281
0x4001 2C00 - 0x4001 2FFF SDIO
0x4001 2400 - 0x4001 2BFF Reserved
0x4001 2000 - 0x4001 23FF ADC1
0x4001 1800 - 0x4001 1FFF Reserved
0x4001 1400 - 0x4001 17FF USART6
0x4001 1000 - 0x4001 13FF USART1
0x4001 0800 - 0x4001 OFFF Reserved
0x4001 0400 - 0x4001 O7FF TIM8
0x4001 0000 - 0x4001 03FF TIM1
0x4000 7400 - 0x4000 FFFF Reserved

3
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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




STM32F412xE/G Electrical characteristics

Table 24. Typical and maximum current consumption in run mode, code with data processing
(ART accelerator enabled except prefetch) running from Flash memory - Vpp =3.6 V

Typ Max(")
Symbol | Parameter Conditions {;\-III(I:-ILZK) Ta= Ta= | Ta= | Ta= |Unit
25°C | 25°C | 85°C | 105°C
100 272 | 28.70% | 30.14 | 31.98
84 21.9 2360 | 24.31 | 2537
E’ifrg?\'j (g')c,)Ck, 64 15.2 16.45 | 17.03 | 17.87
all peripherals enabled® 50 12.1 1312 | 13.67 | 14.46
25 6.6 759 | 812 | 877
20 5.7 651 | 7.07 | 7.77
HSI, PLL OFF, all 16 4.0 4.32 4.88 5.69
Supply current | Peripherals enabled® 1 0.8 114 | 167 | 238
20 |in Run mode 100 130 1206 1534 | 1727 | ™
84 10.5 1121 | 12.16 | 13.47
External clock, PLL ON®) 64 7.5 8.29 9.01 9.88
all peripherals disabled®) 50 6.0 6.73 7.32 8.27
25 3.5 418 | 473 | 557
20 3.1 372 | 425 | 5.10
HSI, PLL OFF, all 16 2.1 2.41 2.94 3.75
peripherals disabled®) 1 0.7 099 | 151 | 2.30

Based on characterization, not tested in production unless otherwise specified.
2. Referto Table 44 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. Tested in production.

3
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Electrical characteristics

STM32F412xE/G

Table 27. Typical and maximum current consumption in run mode, code with data processing
(ART accelerator enabled with prefetch) running from Flash memory -Vpp =3.6 V

Typ Max(1)
g fHCLK .
Symbol Parameter Conditions (MHz2) Tp = T = Tp = Tp = Unit
25°C 25°C 85°C | 105°C
100 38.9 41.10 42.85 | 44.28
84 32.8 34.61 35.77 36.72
External clock, 64 23.6 2496 | 25.84 | 26.64
PLL ON,
a” peripherals enab|ed(2) 50 187 1990 2067 21 45
25 10.1 11.11 11.70 12.40
20 8.6 9.46 10.07 10.81
HSI, PLL OFF, 16 6.3 6.77 7.42 8.21
Supply current all peripherals enabled 1 11 1.35 1.84 2.59
lDD inR d mA
In Run mode 100 24.7 26.11 27.59 28.84
84 214 22.22 23.53 24.66
External clock, 64 15.8 16.80 | 17.90 | 18.99
PLL ON()
all peripherals disabled 50 12.6 13.51 14.52 15.54
25 7.0 7.85 8.57 9.39
20 6.0 6.67 7.37 8.26
HSI, PLL OFF, 16 4.5 4.80 5.47 6.33
all peripherals disabled 1 0.9 1.25 1.81 258

1. Based on characterization, not tested in production unless otherwise specified.

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_CR2 register).

88/193
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STM32F412xE/G Electrical characteristics

Note:

3

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.

Table 41. LSE oscillator characteristics (f_sg = 32.768 kHz) ()

Symbol Parameter Conditions Min | Typ | Max | Unit
Re Feedback resistor - - 18.4 - MQ
Low-power mode ) ) 1
Iop LSE current consumption (default) pA
High-drive mode - - 3
ACC sg® | LSE accuracy - -500 - 500 | ppm
Startup, low-power ) ) 056
G it_ max | Maximum critical crystal g mode AV
cri
e ™ | Startup, high-drive
- - 1.50
mode
tSU(LSE)(3) startup time Vpp is stabilized - 2 - s

1. Guaranteed by design, not tested in production.
This parameter depends on the crystal used in the application. Refer to the application note AN2867.

3. tsygs) 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 and not tested in
production. It is measured for a standard crystal resonator and it can vary significantly with the crystal
manufacturer.

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.

Figure 30. Typical application with a 32.768 kHz crystal
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6.3.9

106/193

Internal clock source characteristics

The parameters given in Table 42 and Table 43 are derived from tests performed under
ambient temperature and Vpp supply voltage conditions summarized in Table 15.

High-speed internal (HSI) RC oscillator

Table 42. HSI oscillator characteristics (1)

Symbol Parameter Conditions Min | Typ | Max | Unit
fusi Frequency - - 16 - MHz
HSI user trimming step(@) - - - 1 %

Ta =—40 to 105 °C®) -8 - | 45 | %

ACChg

Accuracy of the HS| oscillator | T, =—10 to 85 °C(®) -4 - 4 %
Tp=25°C* —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, not tested in production

Based on characterization, not tested in production

o bd =

Factory calibrated, parts not soldered.

Figure 31. ACChg, versus temperature
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1. Guaranteed by characterization, not tested in production.

3
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6.3.19 Communications interfaces

I2C interface characteristics

The I°C interface meets the requirements of the standard I°C 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 Vpp is
disabled, but is still present.

The I°C characteristics are described in Table 61. Refer also to Section 6.3.16: /O 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 I°C bus frequency can be increased up to 1 MHz. For more details about the
complete solution, contact your local ST sales representative.

Table 61. I2C characteristics

Sta'}gg{&g‘ ode Fast mode 12Cc(1)(2)
Symbol Parameter Unit
Min Max Min Max
twscLy) | SCL clock low time 4.7 - 1.3 - s
twscLr) | SCL clock high time 4.0 - 0.6 -
tsuspa) | SDA setup time 250 - 100 -
thspa) | SDA data hold time 0 34500) 0 900
t(SDA) | SDA and SCL rise time - 1000 - 300 ns
trscL)
%SDA) | SDA and SCL fall time - 300 - 300
tiscy)
thsTa) | Start condition hold time 4.0 - 0.6 -
Repeated Start condition HS
bsu(sTA) setup time 47 ) 0.6 )
tsusTo) | Stop condition setup time 4.0 - 0.6 - us
Stop to Start condition time
tw(STO:STA) (bus free) 4.7 - 1.3 - us
Pulse width of the spikes
that are suppressed by the ) ) (5)
tsp analog filter for standard fast 50 120 ns
mode
C ﬁ)naepamtlve load for each bus ) 400 ) 400 oF

1. Guaranteed by design, not tested in production.

2. fpcLkq must be at least 2 MHz to achieve standard mode I2C frequencies. It must be at least 4 MHz to
achieve fast mode I1°C frequencies, and a multiple of 10 MHz to reach the 400 kHz maximum I2C fast mode
clock.

3. The device must internally provide a hold time of at least 300 ns for the SDA signal in order to bridge the
undefined region of the falling edge of SCL.

124/193 DoclD028087 Rev 4 ‘Yl




Electrical characteristics STM32F412xE/G

FMPI?C characteristics
The following table presents FMPI?C characteristics.

Refer also to Section 6.3.16: I/O port characteristics for more details on the input/output
function characteristics (SDA and SCL).

Table 63. FMPI2C characteristics(!

Standard mode Fast mode Fast+ mode
Parameter Unit
Min Max Min Max Min Max
frmMPI2cc | FMPI2cCLK frequency 2 - 8 - 18 -
twscLL) | SCL clock low time 4.7 - 1.3 - 0.5 -
tw(scLH) | SCL clock high time 4.0 - 0.6 - 0.26 -
tsuispA) | SDA setup time 0.25 - 0.10 - 0.05 -
tHispA) | SDA data hold time 0 - 0 - 0 -
tv(SDAACK) | Data, ACK valid time - 3.45 - 0.9 - 0.45
t(SPA) | SpA and SCL rise time - 1.0 - 0.30 - 0.12
tr(scL)
tSDA) | SpA and SCL fall time - 0.30 - 0.30 - 012 | ps
tf(scL)
th(STA) Start condition hold time 4 - 0.6 - 0.26 -
tsu(STA) Repea’Fed Start condition 47 ) 06 ) 0.26 )
setup time
tsu(sTO) | Stop condition setup time 4 - 0.6 - 0.26 -
fW(STOISTA) Stop to Start condition time 47 ) 13 ) 05 )
(bus free)
Pulse width of the spikes that
are suppressed by the ) )
tsp analog filter for standard and 0.05 01 0.05 01
fast mode
Co Sra]zamtlve load for each bus ) 400 ) 400 ) 550 oF

1. Based on characterization results, not tested in production.

2. Can be limited. Maximum supported value can be retrieved by referring to the following formulas:

té(SDA/SCLe =0.8473 x R, x Cload

p(min) = (VDD -VOL(max)) / 10L(max)

3
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3

Figure 39. FMPI2C timing diagram and measurement circuit
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I2S interface characteristics

Unless otherwise specified, the parameters given in Table 65 for the 1S interface are
derived from tests performed under the ambient temperature, fpc| 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 (CK, SD, WS).

Table 65. I2S dynamic characteristics(!)
Symbol Parameter Conditions Min Max Unit
fack 12S Main clock output - 256x8K | 256xFs® | MHz
Master data: 32 bits - 64xFs
fek 12S clock frequency MHz
Slave data: 32 bits - 64xFs
Dck 12S clock frequency duty cycle | Slave receiver 30 70 %
tyws) WS valid time Master mode - 5
thews) WS hold time Master mode 0 -
tsuws) WS setup time Slave mode 2 -
thws) WS hold time Slave mode 0.5 -
tsusp MR Master receiver 0 -
su(SD_MR) Data input setup time
tsu(sb_sRr) Slave receiver 2 - ns
t Master receiver 0 -
h(SD_MR) Data input hold time
th(sb_sR) Slave receiver 2.5 -
ty(sp_sT) Slave transmitter (after enable edge) - 15
= Data output valid time
tysp_mT) Master transmitter (after enable edge) - 2.5
thsp_sT) Slave transmitter (after enable edge) 6 -
= Data output hold time
th(sp_mT) Master transmitter (after enable edge) 0 -

1. Guaranteed by characterization, not tested in production.

2. The maximum value of 256xFs is 50 MHz (APB1 maximum frequency).

Note:

3

Refer to the 12S section of RM0383 reference manual for more details on the sampling

frequency (Fg).

fuck fok, and Dck values reflect only the digital peripheral behavior. The values of these
parameters might be slightly impacted by the source clock precision. Dy depends mainly
on the value of ODD bit. The digital contribution leads to a minimum value of
(12SDIV/(2*12SDIV+0ODD) and a maximum value of (I2SDIV+0ODD)/(2*12SDIV+0DD). Fg
maximum value is supported for each mode/condition.
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Figure 47. Typical connection diagram using the ADC

VDD
VT Sample and hold ADC
converter
0.6V
1
Ran™ AINx L Rabc 12-bit
L '“““ converter
VT IL+1pA
@ Cparasitic 06V T CADC
MS19881V3

N

Refer to Table 71 for the values of Ry, Rapc and Cape.-

n

Cparasitic represents the capacitance of the PCB (dependent on soldering and PCB layout quality) plus the

pad capacitance (roughly 5 pF). A high Cpapasitic value downgrades conversion accuracy. To remedy this,
fapc should be reduced.

3
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6.3.22 Vgar monitoring characteristics
Table 79. Vgar monitoring characteristics
Symbol Parameter Min Typ Max Unit
R Resistor bridge for Vgat - 50 - KQ
Q Ratio on Vgat measurement - 4 -
Er(") Error on Q -1 - +1 %
2)2) ADC sampling time when reading the Vgat ) )
Ts_voat 1 mV accuracy 5 HS

1. Guaranteed by design, not tested in production.

2. Shortest sampling time can be determined in the application by multiple iterations.

6.3.23 Embedded reference voltage

The parameters given in Table 80 are derived from tests performed under ambient

temperature and Vpp supply voltage conditions summarized in Table 15.

Table 80. Embedded internal reference voltage
Symbol Parameter Conditions Min | Typ | Max Unit
VreginT | Internal reference voltage —40°C<Tp<+105°C | 118 | 1.21 | 1.24 \Y
T (1) |ADC sampling time when reading the ) 10 ) ) s
S_vrefint "~ | internal reference voltage H
(2) | Internal reference voltage spread over the a3y 4+ )

VRERINT_s temperature range Vop =3V £ 10mV 3 5 mv
Teoeft?) | Temperature coefficient - - 30 50 |ppm/°C
tSTART(Z) Startup time - - 6 10 us

1.

2. Guaranteed by design, not tested in production

Shortest sampling time can be determined in the application by multiple iterations.

Table 81. Internal reference voltage calibration values

Symbol Parameter Memory address
Raw data acquired at temperature of
VREFIN_CAL 30 °C Vppp = 3.3 V Ox1FFF 7A2A - Ox1FFF 7A2B

3
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7.5 LQFP144 package information

Figure 72. LQFP144 - 144-pin, 20 x 20 mm low-profile quad flat package outline
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1. Drawing is not to scale.
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