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STM32F412xE/G

Pinouts and pin description

Table 9. STM32F412xE/G pin definition (continued)

Pin Number

UFQFPN48

LQFP64

WLCSP64

LQFP100

UFBGA100

UFBGA144

LQFP144

Pin name
(function
after
reset)“)

Pin
type

1[o]
structure

Notes

Alternate functions

Additional
functions

27

35

G1

53

K11

L11

75

PB14

I/0

FT

TIM1_CH2N,
TIM8_CH2N,
I2CFMP1_SDA,
SPI2_MISO, I12S2ext_SD,
USART3_RTS,
DFSDM1_DATIN2,
TIM12_CH1, FSMC_DO,
SDIO_D6, EVENTOUT

28

36

F2

54

K10

L12

76

PB15

I/0

FT

RTC_50Hz, TIM1_CH3N,
TIM8_CH3N,
I2CFMP1_SCL,
SPI2_MOSI/12S2_SD,
DFSDM1_CKIN2,
TIM12_CH2, SDIO_CK,
EVENTOUT

55

L9

77

PD8

1’0

FT

USART3_TX, FSMC_D13/
FSMC_DA13, EVENTOUT

56

K8

K9

78

PD9

110

FT

USART3_RX,
FSMC_D14/FSMC_DA14,
EVENTOUT

57

J12

J9

79

PD10

I/0

FT

USART3_CK,
FSMC_D15/FSMC_DA15,
EVENTOUT

58

J1

H9

80

PD11

I/0

FT

I2CFMP1_SMBA,
USART3_CTS,
QUADSPI_BK1_100,
FSMC_A16, EVENTOUT

59

J10

L10

81

PD12

1’0

FT

TIM4_CH1,
I2CFMP1_SCL,
USART3_RTS,

QUADSPI_BK1_I01,

FSMC_A17, EVENTOUT

60

H12

K10

82

PD13

1’0

FT

TIM4_CH2,
I2CFMP1_SDA,
QUADSPI_BK1_103,
FSMC_A18, EVENTOUT

G8

83

VSS

F8

84

VDD
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Table 10. STM32F412xE/G alternate functions (continued)

AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF12 AF15
12C2/12C3/
Port ™3 TIM8/ 12C1/ | SPHMA2S1/ | SPI212S2/SPI3| SPI3/12S3/ | DFSDM1/ | 12CFMP1/ | DFSDM1/
TIM1/ TIM/ 12C2/ | SPI212S2/ | /12S3/SPI4/ | USART1/ | USART3/ | CAN1/CAN2 | QUADSPI/
SYS_AF | 1im2 ?lml TIM10/ 12C3/ SPI3/I12S3/ | 12S4/SPI5/12S5 | USART2/ | USART6/ |  ITIMA2/ Fsmc | FSMC/SDIO | SYS_AF
TIM11 I2CFMP1 | SPI4/I2S4 | /DFSDM1 USART3 CAN1 |TIM13TIM14| /OTG1_FS
/QUADSPI
FSMC_D2/FS
PDO - - - - - - - - - CAN1_RX - MC_DA2 EVENTOUT
FSMC_D3/FS
PD1 - - - ; ; - ; - ; CAN1_TX ; NG s | EVENTOUT
PD2 - . TIM3_ETR ; ; - . - ; - FSMC_NWE | SDIO_CMD | EVENTOUT
SPI2_.SCK/ | DFSDM1_ USART2_ QUADSPI_
PD3 | TRACED1 . . ; ; bz Ok oM pai ; ADS - FSMC_CLK | EVENTOUT
DFSDM1_ USART2_
PD4 - - - - - - CKINO RTS - - - FSMC_NOE | EVENTOUT
PD5 - - - - - - - USART2_TX - - - FSMC_NWE | EVENTOUT
SPI3_MOSI/I DFSDM1_ _ _ _ FSMC_
PD6 - - - ; ; 22350 e USART2_RX omC= | EvENTOUT
PD7 ; ; ; - - ; DFSOVI- | usarT2_ck - - - FSMC_NE1 | EVENTOUT
a FSMC_D13/
-g PD8 - - - - - - - USART3_TX - - - FSMC_DA13 EVENTOUT
o
FSMC_D14/
PD9 - - - - - - - USART3_RX - - - FSMC_DA14 EVENTOUT
FSMC_D15/
PD10 - . . ; ; - ; USART3_CK ; ; ; FouG DAts | EVENTOUT
12CFMP1_ USART3_ QUADSPI_
PD11 - - - - SMBA - - cTS - BK1_I100 - FSMC_A16 EVENTOUT
12CFMP1_ USART3_ QUADSPI_
PD12 - - TIM4_CH1 - SCL RTS - BK1_|O1 - FSMC_A17 EVENTOUT
I2CFMP1_ QUADSPI_
PD13 - - TIM4_CH2 ; E - ; - ; e o ; FSMC_A18 | EVENTOUT
12CFMP1_ FSMC_DO/
PD14 ; ; TIM4_CH3 - ol ; . ; - . . FSMG DAo | EVENTOUT
12CFMP1_ FSMC_D1/
PD15 - - TIM4_CH4 - SDA - - - - - - FSMC_DA1 EVENTOUT

uonduosap uid pue sjnould
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STM32F412xE/G

Memory mapping

Table 11. STM32F412xE/G register boundary addresses

Bus Boundary address Peripheral
0xE010 0000 - OxFFFF FFFF Reserved
Cortex®-M4 0xEO000 0000 - OXEOOF FFFF Cortex-M4 internal peripherals
0xA000 2000 - 0OXDFFF FFFF Reserved
0xA000 1000 - 0xA000 1FFF QuadSPI control register
0xA000 0000 - 0xA000 OFFF FSMC control register
ARBS 0x9000 0000 - 0x9FFF FFFF QUADSPI
0x7000 0000 - 0xO8FFF FFFF Reserved
0x6000 0000 - 0X6FFF FFFF FSMC
0x5006 0C00 - Ox5FFF FFFF Reserved
0x5006 0800 0x5006 OBFF RNG
AHB2
0x5004 000- 0x5006 O7FF Reserved
0x5000 0000 - 0x5003 FFFF USB OTG FS
0x4002 6800 - 0x4FFF FFFF Reserved
0x4002 6400 - 0x4002 67FF DMA2
0x4002 6000 - 0x4002 63FF DMA1
0x4002 5000 - 0x4002 4FFF Reserved
0x4002 3C00 - 0x4002 3FFF Flash interface register
0x4002 3800 - 0x4002 3BFF RCC
0x4002 3400 - 0x4002 37FF Reserved
0x4002 3000 - 0x4002 33FF CRC
AHB1 0x4002 2000 - 0x4002 2FFF Reserved
0x4002 1C00 - 0x4002 1FFF GPIOH
0x4002 1800 - 0x4002 1BFF GPIOG
0x4002 1400 - 0x4002 17FF GPIOF
0x4002 1000 - 0x4002 13FF GPIOE
0x4002 0C00 - 0x4002 OFFF GPIOD
0x4002 0800 - 0x4002 OBFF GPIOC
0x4002 0400 - 0x4002 07FF GPIOB
0x4002 0000 - 0x4002 03FF GPIOA

3
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Electrical characteristics

Table 22. Typical and maximum current consumption, code with data processing (ART
accelerator disabled) running from SRAM - Vpp =3.6 V

analog part.

Tested in production

considered

3

DoclD028087 Rev 4

Typ Max(1)
g fHCLK -
Symbol Parameter Conditions (MHz) Ta= Ta= Ta= Ta= Unit
25°C 25°C 85°C 105 °C
100 284 | 2880%) | 30.84 | 323909
84 23.0 | 24.09® | 2520 | 2657
External clock, 64 16.0 | 16.83%) | 17.77 | 19.120)
PLL ON,
25 6.8 7.63 8.14 8.61
20 5.8 6.31 6.74 7.43
HSI, PLL OFF™), 16 3.9 4.65 5.33 6.11
i (2)
Supply current all peripherals enabled 1 0.6 0.78 1.34 2.00
'ob | in Run mode @ @] M
100 14.3 15.09 16.22 17.90
84 116 | 1228®) | 1336 | 14.990)
External clock, 64 8.2 8753 | 968 | 11.21Q)
PLL ON,
all peripherals disabled® | 50 6.5 7.21 7.69 8.47
25 3.6 4.22 4.68 5.29
20 3.2 3.65 4.18 4.94
HSI, PLL OFF, 16 2.0 2.48 3.12 3.94
all peripherals disabled(@ 1 05 0.65 1.26 1.94
1. Based on characterization, not tested in production unless otherwise specified
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

When analog peripheral blocks such as ADC, HSE, LSE, HSI, or LS| are ON, an additional power consumption has to be
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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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Figure 43. I?S slave timing diagram (Philips protocol)(!)

- tC(CK) —p!

5 | ] \
2 : : : ! :
S ; ‘ : L !
(@]
o\ \ [\ T\
' 1 ' I 1
tyw(CKH) —i<—>:<—>§- tw(CKL) E : th(ws)
WS input j ' i : '
tsu(ws) g : v(SD_ST) : h(SD_ST)
D s oV -0 o\ o \/— -~
SDtransmit X LSB transmit(® X MSB transmit Bitn transmit LSB transmit
tsu(SD_SR) ' h(SD_SR)
SDyeceive X LSB receive@ MSB receive Bitn re_c:el_v_e_ i LSB receive
ai14881b

LSB transmit/receive of the previously transmitted byte. No LSB transmit/receive is sent before the first
byte.

Figure 44. IS master timing diagram (Philips protocol)(")

S| CPOL=0
[oR
5
o
N
o
CPOL =1 \
ty(ws)—> . )
WS output ' .
' v(SD_MT) ! h(SD_MT)
SDtransmit X LSB transmit@ X MSB transmit Bitn transmit LSB transmit
tsu(SD_MR) h(SD_MR)
SDreceive X LSB receive@ MSB receive Bitn receive LSB receive

ai14884b

LSB transmit/receive of the previously transmitted byte. No LSB transmit/receive is sent before the first
byte.
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Electrical characteristics STM32F412xE/G

6.3.20 12-bit ADC characteristics

Unless otherwise specified, the parameters given in Table 71 are derived from tests
performed under the ambient temperature, fpc| k2 frequency and Vppp supply voltage
conditions summarized in Table 15.

Table 71. ADC characteristics

Symbol Parameter Conditions Min Typ Max Unit
Vppa | Power supply 1.7() - 3.6 Vv
-~ Vopa —VRer+ < 1.2V @)
Vrer+ | Positive reference voltage 1.7 - Vppa V
Vppa=1.7Mt0 2.4V 0.6 15 18 MHz
fapc | ADC clock frequency
Vppa=2.41t03.6V 0.6 30 36 MHz
, fanc = 30 MHz, - - 1764 | kHz
frric® | External trigger frequency 12-bit resolution
- - - 17 1fapc
' (3) . 0(VesaOrVRer- | _
VaIN Conversion voltage range tied to ground) VREF+ Vv
@ . . See Equation 1 for ) )
RAIN External input impedance details 50 kQ
Rapc@™ | Sampling switch resistance - - - 6 kQ
(2) |Internal sample and hold ) )
Capc capacitor 4 7 PF
. () |Injection trigger conversion fapc =30 MHz - - 0.100 Hs
lat latency - - - 30 | 1fapc
@ Regular trigger conversion fapc = 30 MHz - - 0.067 HS
latr latency - - - 20) 1 1/fape
fapc = 30 MHz 0.100 - 16 us
ts(2) Sampling time ADC
- 3 - 480 1fapc
tSTAB(Z) Power-up time - - 2 3 us
fADC =30 MHz
. - 16.4
12-bit resolution 0-50 6.40 Hs
fADC =30 MHz
0.43 - 16.34
10-bit resolution HS
Total conversion time (including f =30 MHz
tconv® A ADC 0.37 - 16.27
CONV sampling time) 8-bit resolution Hs
fADC =30 MHz
0.30 - 16.20
6-bit resolution Hs
9 to 492 (tg for sampling +n-bit resolution for successive
A 1fapc
approximation)
136/193 DoclD028087 Rev 4 Kys




Electrical characteristics STM32F412xE/G
Table 73. ADC accuracy at fopc = 30 MHz(")

Symbol Parameter Test conditions Typ Max(2) Unit

ET Total unadjusted error 12 5
fADC =30 MHZ, + +
EO Offset error Ra < 10 k2 1.5 2.5
EG Gain error Vppa=2.41t03.6V, 1.5 4 LSB
. . . . VREF =1.7t03.6 V,

ED Differential linearity error Vppa —Veer < 1.2 V 1 +2
EL Integral linearity error 1.5 +3

1. Better performance could be achieved in restricted Vpp, frequency and temperature ranges.

2. Guaranteed by characterization, not tested in production.

Table 74. ADC accuracy at fopc = 36 MHz(1)

Symbol Parameter Test conditions Typ | Max® | uUnit
ET Total unadjusted error 4 7
EO |Offset error v fanc =23f M;|Z6 v +2 +3
DDA =24103.6V,
i LSB
EG |Gain error Vrer = 1.7103.6 V *3 *6
ED | Differential linearity error Vppa—VRep< 1.2V +2 *3
EL Integral linearity error 3 16
1. Better performance could be achieved in restricted Vpp, frequency and temperature ranges.
2. Guaranteed by characterization, not tested in production.
Table 75. ADC dynamic accuracy at fopc = 18 MHz - limited test conditions(?

Symbol Parameter Test conditions Min Typ | Max | Unit
ENOB Effective number of bits fapc =18 MHz 10.3 104 - bits
SINAD Signal-to-noise and distortion ratio Vopa = VReps= 1.7V 64 64.2 -

SNR Signal-to-noise ratio Input Frequency = 20 kHz 64 65 - dB
THD Total harmonic distortion Temperature = 25 °C - | 2 | 67
1. Guaranteed by characterization, not tested in production.
Table 76. ADC dynamic accuracy at fopc = 36 MHz - limited test conditions(1)

Symbol Parameter Test conditions Min Typ Max | Unit
ENOB Effective number of bits fapc = 36 MHz 10.6 10.8 - bits
SINAD Signal-to noise and distortion ratio Vppa = Vrers = 3.3V 66 67 -

SNR Signal-to noise ratio Input Frequency = 20 kHz 64 68 - dB
THD Total harmonic distortion Temperature = 25 °C - 72 | 70

1. Guaranteed by characterization, not tested in production.
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Refer to Section 6.3.16: I/O port characteristics for more details on th
characteristics.

Asynchronous waveforms and timings

Figure 50 through Figure 53 represent asynchronous waveforms and

e input/output

Table 83 through

Table 90 provide the corresponding timings. The results shown in these tables are obtained

with the following FSMC configuration:
e  AddressSetupTime = 0x1
e  AddressHoldTime = 0x1

e DataSetupTime = 0x1 (except for asynchronous NWAIT mode, DataSetupTime = 0x5)

° BusTurnAroundDuration = 0x0

In all timing tables, the Ty k is the HCLK clock period.

Figure 50. Asynchronous non-multiplexed SRAM/PSRAM/NOR read waveforms
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1. Mode 2/B, C and D only. In Mode 1, FSMC_NADV is not used.
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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
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MSv39035V1
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Table 91. Synchronous multiplexed NOR/PSRAM read timings("(?)

Symbol Parameter Min Max Unit
twicLk) FSMC_CLK period 2THcolk - 0.5 -
tycikinex) | FSMC_CLK low to FSMC_NEXx low (x=0..2) - 1
tacLkH_NExH) | FSMC_CLK high to FSMC_NEX high (x=0...2) | Tycik + 0.5 -
tacLke-NnaDvL) | FSMC_CLK low to FSMC_NADV low - 1
tycLkL-NADVH) | FSMC_CLK low to FSMC_NADV high 0 -
tycLkL-AY) FSMC_CLK low to FSMC_Ax valid (x=16...25) - 2
ty(CLKHA) z:xszlzﬂg_glg;( high to FSMC_Ax invalid TheLk )
tycLk-NoeL) | FSMC_CLK low to FSMC_NOE low - 1.5 ns
tycLkH-NoEH) | FSMC_CLK high to FSMC_NOE high Thelk -
ty(cLKL-ADV) FSMC_CLK low to FSMC_AD[15:0] valid - 25
tycLkL-apyy | FSMC_CLK low to FSMC_AD[15:0] invalid 0 -
e ADV-CLKH) rIjiZIr\1/IC_A/D[15:O] valid data before FSMC_CLK 1 )
th(CLKHADY) ESI:}/IC_A/DHS:O] valid data after FSMC_CLK 9 )
tsunwAIT-cLkH) | FSMC_NWAIT valid before FSMC_CLK high 2 -
thcLkH-NwaiT) | FSMC_NWAIT valid after FSMC_CLK high 2 -
1. C_=30pF.
2. Based on characterization, not tested in production.
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Figure 55. Synchronous multiplexed PSRAM write timings
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7 Package information
In order to meet environmental requirements, ST offers these devices in different grades of
ECOPACK® packages, depending on their level of environmental compliance. ECOPACK®
specifications, grade definitions and product status are available at: www.st.com.
ECOPACK® is an ST trademark.
71 WLCSP64 package information
Figure 60. WLCSP64 - 64-pin, 3.658 x 3.686 mm, 0.4 mm pitch wafer level chip scale
package outline
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1. Drawing is not to scale.
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Table 102. LQPF100 - 100-pin, 14 x 14 mm low-profile quad flat package
mechanical data (continued)

millimeters inches("
Symbol
Min Typ Max Min Typ Max
D3 - 12.000 - - 0.4724 -
E 15.800 16.000 16.200 0.6220 0.6299 0.6378
E1 13.800 14.000 14.200 0.5433 0.5512 0.5591
E3 - 12.000 - - 0.4724 -
e - 0.500 - - 0.0197 -
L 0.450 0.600 0.750 0.0177 0.0236 0.0295
L1 - 1.000 - - 0.0394 -
k 0.0° 3.5° 7.0° 0.0° 3.5° 7.0°
cce - - 0.080 - - 0.0031
1. Values in inches are converted from mm and rounded to 4 decimal digits.
Figure 70. LQFP100 - 100-pin, 14 x 14 mm low-profile quad flat
recommended footprint
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Device marking for LQFP100

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

Figure 71. LQFP100 marking example (package top view)

. e (1)
Product identification <t+—alES32Ful12

\ VGThE R <+—— | | Revisioncode

Date code

Y |ww

Pin 1 ’l O
indentifier \\,‘

MSv37287V1

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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