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Serial peripheral interface (SPI)

The devices feature five SPIs in slave and master modes in full-duplex and simplex
communication modes. SPI1, SPI4 and SPI5 can communicate at up to 50 Mbit/s, SPI2 and
SPI3 can communicate at up to 25 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 interfaces can be configured to operate in TI mode for communications in master
mode and slave mode.

Inter-integrated sound (IZS)

Five standard 1%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.

Serial Audio interface (SAI1)

The serial audio interface (SAI1) is based on two independent audio sub-blocks which can
operate as transmitter or receiver with their FIFO. Many audio protocols are supported by
each block: 12S standards, LSB or MSB-justified, PCM/DSP, TDM, AC’97 and SPDIF
output, supporting audio sampling frequencies from 8 kHz up to 192 kHz. Both sub-blocks
can be configured in master or in slave mode.

In master mode, the master clock can be output to the external DAC/CODEC at 256 times of
the sampling frequency.

The two sub-blocks can be configured in synchronous mode when full-duplex mode is
required.

SAI1 can be served by the DMA controller.

Audio PLL (PLLI2S)

The devices feature an additional dedicated PLL for audio I1°S and SAl applications. It allows
to achieve error-free 12S 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)

3
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STM32F413xG/H Pinouts and pin description

Figure 17. STM32F413xG/H UFBGA144 pinout

1 2 3 4 5 6 7 8 9 10 1 12

A PC13 PE3 PE2 PE1 PEO PB4 PB3 PD6 PD7 PA15 PA14 PA13
B PC14- PE4 PES5 PE6 PB9 PB5 PG15 PG12 PD5 PC11 PC10 PA12

0SC32_IN
[ PC1s- VBAT PFO PF1 PB8 PB6 PG14 PG11 PD4 PC12 VDDUSB PA11

0sC32_0UT
PHO -

D 0SC IN vss VDD PF2 BOOTO PB7 PG13 PG10 PD3 PD1 PA10 PA9
E PH1 - PF3 PF4 PF5 PDR_ON vss vss PG9 PD2 PDO PC9 PA8

osc_out -
F NRST PF7 PF6 VDD VDD VDD VDD VDD VDD VDD PC8 PC7
G PF10 PF9 PF8 vss vDD VDD vDD vss VCAP_2 vss PG8 PC6
H PCO PC1 PC2 PC3 BY;‘Q(S;S— vss VCAP_1 PE11 PD11 PG7 PG6 PG5
J VSSA PAO PA4 PC4 PB2 PG1 PE10 PE12 PD10 PG4 PG3 PG2
K VREF- PA1 PA5 PC5 PF13 PGO PE9 PE13 PD9 PD13 PD14 PD15
L VREF+ PA2 PAG PBO PF12 PF15 PES PE14 PD8 PD12 PB14 PB15
M VDDA PA3 PA7 PB1 PF11 PF14 PE7 PE15 PB10 PB11 PB12 PB13

MSv37283Vv2

1. The above figure shows the package top view.

Table 9. Legend/abbreviations used in the pinout table

Name Abbreviation Definition
Pi Unless otherwise specified in brackets below the pin name, the pin function during and after
in name : .
reset is the same as the actual pin name
S Supply pin
Pin type | Input only pin
I/0 Input/ output pin
FT 5V tolerant 1/0
FTf 5V tolerant I/O, 12C FM+ option
TC Standard 3.3 V I/O
I/O structure
TTa 3.3 V tolerant I/O directly connected to DAC
B Dedicated BOOTO pin
NRST Bidirectional reset pin with embedded weak pull-up resistor
Notes Unless otherwise specified by a note, all I/Os are set as floating inputs during and after reset
Alternate . .
) Functions selected through GPIOx_AFR registers
functions
?ddm_onal Functions directly selected/enabled through peripheral registers
unctions

‘Yl DoclD029162 Rev 4 49/208




Pinouts and pin description

STM32F413xG/H

Table 10. STM32F413xG/H pin definition (continued)

Pin Number

UFQFPN48

LQFP64
WLCSP81

LQFP100

UFBGA100

UFBGA144

LQFP144

Pin name
(function

after

reset)“)

Pin
type

/10
structure

Notes

Alternate functions

Additional
functions

-
N
[¢)]

PG10

1/0 FT

FSMC_NES3,
EVENTOUT

C8

126

PG11

1/10 FT

CAN2_RX,
UART10_RX,
EVENTOUT

B8

127

PG12

1/10 FT

USART6_RTS,
CAN2_TX, UART10_TX,
FSMC_NEA4,
EVENTOUT

D7

128

PG13

110 FT

TRACED?2,
USART6_CTS,
FSMC_A24,
EVENTOUT

Cc7

129

PG14

110 FT

TRACED3,
USART6_TX,
QUADSPI_BK2_103,
FSMC_A25,
EVENTOUT

130

VSS

F6

131

VDD

B7

132

PG15

1/0 FT

USART6_CTS,
EVENTOUT

39

55

A5

89

A8

A7

133

PB3

110 FTf

JTDO-SWO, TIM2_CH?2,
I2CFMP1_SDA,
SPI1_SCK/I2S1_CK,
SPI3_SCK/I2S3_CK,
USART1_RX,
UART7_RX, 12C2_SDA,
SAI1_SD_A, CAN3_RX,
EVENTOUT

40

56

BS

90

A7

A6

134

PB4

1/10 FT

JTRST, TIM3_CHf1,
SPI1_MISO,
SPI3_MISO,
12S3ext_SD,

UART7_TX, 12C3_SDA,
SAI1_SCK_A,
CAN3_TX, SDIO_DOo,
EVENTOUT

62/208
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STM32F413xG/H

Pinouts and pin description

3

Table 11. FSMC pin definition (continued)

FSMC
Pins LCD/NOR/ NOR/PSRAM 64 pins | 81 pins | 100 pins | 144 pins
PSRAM/SRAM Mux
PA3 D5 DA5 Yes Yes Yes Yes
PA4 D6 DAG6 Yes Yes Yes Yes
PAS D7 DA7 Yes Yes Yes Yes
PC4 NE4 NE4 Yes Yes Yes Yes
PC5 NOE NOE Yes Yes Yes Yes
PF12 AB - - - - Yes
PF13 A7 - - - - Yes
PF14 A8 - - - - Yes
PF15 A9 - - - - Yes
PGO A10 - - - - Yes
PG1 A1 - - - - Yes
PE7 D4 DA4 - - Yes Yes
PES8 D5 DA5 - - Yes Yes
PE9 D6 DAG6 - Yes Yes Yes
PE10 D7 DA7 - Yes Yes Yes
PE11 D8 DAS8 - Yes Yes Yes
PE12 D9 DA9 - Yes Yes Yes
PE13 D10 DA10 - Yes Yes Yes
PE14 D11 DA - Yes Yes Yes
PE15 D12 DA12 - Yes Yes Yes
PB12 D13 DA13 Yes Yes Yes Yes
PB14 DO DAO Yes Yes Yes Yes
PD8 D13 DA13 - - - Yes
PD9 D14 DA14 - Yes Yes Yes
PD10 D15 DA15 - Yes Yes Yes
PD11 A16 A16 - - Yes Yes
PD12 A17 A17 - - Yes Yes
PD13 A18 A18 - - Yes Yes
PD14 DO DAO - - Yes Yes
PD15 D1 DA1 - - Yes Yes
PG2 A12 - - - - Yes
PG3 A13 - - - - Yes
PG4 A14 - - - - Yes
DocID029162 Rev 4 65/208
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Table 12. STM32F413xG/H alternate functions

AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 | AFM1 AF12 | AF13 | AF14 | AF15
SPI3/I1283/ SAI/
Port SPI/I2S1/ :E::zsﬂg:g; SAM/ | DFSDM1/ ||22(c::z|’=/||\:§13// DFSDM1/ ﬂﬁgg
svs_ | Tm2i || DFSDM2l | 12C1/213/ | sPiznizs2/ | SEIIZSY | DFsom2/ |usaRTaa | 2SRMPY | prsomar | DARTST| Lo o L | ae | SYS.
AF~ | LPTIMA TIM8/9/10/11 | 2CFMP1 | SPI3/I2S3/ USART1/ | 5/6/7/8/ QUADSPI/ AF
SPI5/12S5/ TIM12/13/14/ UART10
spializsa | SEOTRSS | usarTz | cant | THNZTSOY) psmc | UARYY
USART3 IOTG1_FS
TIM2_CH1
_ TIM5_ USART2_ | UART4_ EVENT
PAO | - mvz_ | TS~ Tive_ETR ; - ; il A ; ; ; ; ; - RN
ETR
TIM5_ SPI4_MOSI/ USART2_ | UART4_ | QUADSPI_ EVENT
PATL - |TIM2.CH2| oy - - 1284 _SD - RTS RX BK1_103 - - - - © | out
TIM5_ USARTZ_ FSMC_D4/ EVENT
Pa2 | - |Tim2_cha| TS | TiMo_cHi ; 12S2_CKIN ; oM ; ; ; - | oo oma | - - |y
TIM5_ USARTZ_ FSMC_D5/ EVENT
Pa3 | - |Timz_cha| U= | TiMo_CH2 ; 1252 MCK ; i ; ; saso| - | US| - - oY
o | ] ] ] | SPI1_NSS/I | SPI3_NSS/I | USART2_ | DFSDM1_ ] ] ] FSMC_D6/ | _ ~ [EVENT
25T WS | 253 WS CcK DATIN1 FSMC_DA6 ouT
TIM2_CH1
_ SPI1_SCKI/I DFSDM1_ FSMC_D7/ |  |EVENT
PAS | - ghie - | TIMB_CHING - - 287 CK - - CKIN - - © | Fsmc DA7 ouT
TIM1_ | TIM3_ DFSDM2_ TIM13_ | QUADSPI_ SDIO_ EVENT
PAG | - BKIN cHi | TIMB_BKIN - SPI_MISO | 1282 MCK | = N1 - CH1 BK2_I00 - CMD - © | out
I TIMI_ | TIM3_ | TiM8_ ~ | 'sPr1_mosu ] DFSDM2_ ] TIM14_ | QUADSPI_| _ ] ] ~ [EVENT
< CHIN CH2 CHIN 12S1_SD DATIN1 CH1 BK2_ 101 ouT
o
o 12C3_ DFSDM1_ | USART1_ | UART7_ USBFS_ | CAN3_ | SDIO_ EVENT
PA8 | MCO_1 | TIM1_CH1| - - e - CKOUT CcK RX - SOF RX D1 - - | out
DFSDM2_ | 12C3_ | SPI2_SCKII USARTT_ USB_FS_ SDIO_ EVENT
PAO | - |TIM1CH2| - CKIN3 SMBA | 252 CK - > - - VBUS - D2 - © | out
DFSDM2_ SPI2_MOSI/|SPI5_MOSI/| USART1_ USB_FS_ EVENT
PATO - | TIM1CH3| - DATIN3 - 1252 SD | 12S5_SD RX - - D - - - © | out
DFSDM2_ SPI2_NSS/I USART1_ | USART6_ USB_FS_ | UART4_ EVENT
PAI| - |TIM1_cHa| - e ; Pesws | sPumiso | USERT ;M CAN1_RX o R ; ; - 5T
DFSDM2_ USART1_ | USART6_ USB_FS_ | UART4_ EVENT
Pa12| - |[TIM1LETR| - N - | sPiz_miso | spis_miso | YSART i CAN1_TX o R ; ; - |y
JTMS- EVENT
PA13| swbio - - - - - - - - - - - - - = | out
JTCK- EVENT
PA14] sweLk - - - - - - - - - - - - - © | out
oa1s | Jtor | MaiSHT SPI1_NSS/ | SPI3_NSS/ | USART1_ | UART7_ SAIM_ | CAN3_ EVENT
e - - - 12S7 WS | 1253 WS > X - MCLK A | TX - - - | out

uonduosap uid pue spnould
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Table 12. STM32F413xG/H alternate functions (continued)

AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 | AFM1 AF12 | AF13 | AF14 | AF15
SPI3/1253/ SAI/
Port SPUN2S1/ | Spioiagsy | SAM/ | DFsDMi | 12C212C3 | pEspmy | JARTH
svs_ | T2 || DFSDM2 | 12C1/213/ | SPi2n2s2/ | ShIIZoY | DFsDM2/ |usART3iay | 'ZSRMPY | pespmay | DARTSHN o L]l | sYs.
AF~ | LPTIMA TIM8/9/10/11 | I2CFMP1 | SPI3/1283/ USART1/ | 5/6/7/8/ QUADSPY/ AF
SPI5/I2S5/ TIM12/13/14/ UART10
spiaizsa | SPOI2S | usarTz | cant | THIZTAY)psmc | YARYY
USART3 /OTG1_FS
oo | . | LPTMT_ — |DFSDM2C| - - SAIT_MCL - - - - - - — [EVENT
IN1 KIN4 KB ouT
LPTIM1_ DFSDM2_D EVENT
PCT - ouT - ATIN4 - - - SAI_SD_B - - - - - - © | out
LPTIMA_I DFSDM2_D SAM_SCK_| DFSDM1_ EVENT
pc2| - s ; N - | sPi2_miso |12s2ext_SD 3 e ; ; - |Fsmc NwE| - - |y
LPTIM1_ DFSDM2_C SPI2_MOSI/ EVENT
pca| - AL ; e ; 293 5D ; SAI1_FS_B ; ; ; ; FSMC_AO | - - oY
DFSDM2_C QUADSPI_ EVENT
pca | - ; ; s ; 12S1_MCK ; ; - - by 102 - | Fsmc NE4 | - - |y
DFSDM2_D | 12CFMPA USART3_R QUADSPI_ EVENT
PCS 1 - - - ATIN2. | _SMBA - - X - - BK2_I03 - | FSMCNOE | - © | out
TIM3_ 12CFMP1 DFSDM1_ | DFSDM2_ | USART6_ FSMC_D1/ EVENT
PCé | - - cHi | TIMB_CHT | " g | 1282.MCK | “ciiN3 ™ | DATING > - FSMC DA1| ~ SDIO_D6 | - © | out
TIM3_ 12CFMP1 | SPI2_SCK/ DFSDM2_ | USART6_ DFSDM1_D EVENT
ol Pe7 | - - cHz | TMB_CHZ | " "gpa | sz ck | 1?S3-MCK | “ckine RX - ATIN3 - SbIo_b7 | - - | out
h =
s TIM3 DFSDM2_ | USART6_ | QUADSPI EVENT
o _ _ — _ _ - — — — - _ - _
PC8 cH3 | TIM8_CH3 CKIN3 CK BK1_I02 SDIO_DO ouT
TIM3_ 12C3_ DFSDM2_ QUADSPI_ EVENT
pPco | MCO 2 ; ono= | Tms_chHa | 225 | 122 ckiN ; NG ; B 100 ; ; sDio. D1 | - - 5T
DFSDM2_ SPI3_SCK/ | USART3_ QUADSPI_ EVENT
A - - CKIN5 - - 1283 CK > - BK1_IO1 - - Sbio b2 | - - | out
DFSDM2_ USART3_ | UART4_ | QUADSPI_ | FSMC_D2/ EVENT
pcit| - ; ; N - | 12s3ext_SD | sPi3_miso | USAR ay Bk2 NGS |FoMo Dz | - SDIO. D3 | - - oY
SPI3_MOSI/| USART3_ | UART5_ FSMC_D3/ EVENT
pC12| - - - - - - 12S3_SD CcK X - FSMC DA3| - SDIO_CK | - = | out
EVENT
pci3| - ; ; ; ; ; ; ; ; ; ; ; ; ; - oY
EVENT
pci4| - ; ; ; ; ; ; ; ; ; ; ; ; ; - Ry
EVENT
pcis| - ; ; ; ; ; ; ; ; ; ; ; ; ; - 5T

uonduosap uid pue spnould
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Table 12. STM32F413xG/H alternate functions (continued)

AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 | AF11 AF12 | AF13 | AF14 | AF15
SPI3/I12S3/ SAI/
Port SPI/12S1/ gg:gﬂggg; SAM/ | DFSDM1/ 'Izzg’l'\ﬁgfl’ DFSDM1/ ﬂﬁgy
SYS_ | TIMU2/ | o | DFSDM2/ | 12C1/2/3/ | SPi2i2s2/ | SPINZS3 | pEspmas |usaRTaar| ZGPMPI | pespmz [ UARTSH L 1| L L sys.
AF | LPTIMA TIM8/9/10/11 | I2CFMP1 | SPI3/I283/ USART1/ | 5/6/7/8/ QUADSPY/ AF
SPI5/12S5/ TIM12/13/14/ UART10
sPiaiizsa | SESIZSS | usarT2r | cant |TaUZISO4 | TEsmc | YARTY
USART3 /OTG1_FS
EVENT
| PHO | - - - - - - - - - - - - - - © | our
5
& EVENT
PHI | - ; ; ; ; ; ; ; ; ; ; ; ; ; o

H/OXELYHAZEINLS
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STM32F413xG/H

Electrical characteristics

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

Typ Max(1)
Symbol | Parameter Conditions {;\-III(I:-ILZK) T = Ta= | Ta= | Ta= | Ta= |Unit
25°C 25°C | 85°C [105°C|125°C
100 39.9 42.46 | 43.17 | 45.32 | 49.19
84 32.6 34.71 | 3545 | 37.58 | 41.24
External clock, 64 242 | 2586 | 26.73 | 28.47 | 31.96
PLL ON@),
all peripherals enabled(®) 50 19.7 21.01 | 22.00 | 23.74 | 27.26
25 10.8 11.55 | 12.83 | 14.66 | 18.03
20 9.2 9.82 | 11.16 | 13.09 | 16.36
HSI, PLL OFF, all 16 6.8 7.33 8.77 | 10.69 | 14.00
Supply current | Peripherals enabled®) 1 12 183 | 308 | 483 | 8.19
oo |; mA
in Run mode 100 223 | 2411 | 25.26 | 27.35 | 31.11
84 18.5 20.00 | 21.15 | 23.20 | 26.87
External clock, PLL ON®?) 64 14.6 15.81 | 17.02 | 18.74 | 22.20
all peripherals disabled® [~ 50 | 122 | 1314 | 14.45 | 16.18 | 19.66
25 7.0 7.52 8.95 | 10.84 | 14.19
20 6.0 6.58 795 | 9.74 | 13.07
HSI, PLL OFF, all 16 4.5 4.97 6.40 8.30 | 11.59
peripherals disabled® 1 10 | 161 | 294 | 465 | 805
1. Guaranteed by characterization results.
2. Referto Table 47 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).
"_l DocID029162 Rev 4 93/208




Electrical characteristics STM32F413xG/H

Table 39. Peripheral current consumption (continued)

Ipp (Typ)
Peripheral Unit
Scale 1 Scale 2 Scale 3
AHB-APB2 bridge 0.10 0.11 0.09
TIM1 6.78 6.46 5.80
TIM8 6.94 6.62 5.94
USART1 3.14 3.00 2.69
USART6 3.12 2.98 2.67
UART9 2.89 1.98 1.75
UART10 2.91 2.00 1.77
ADCA1 3.45 3.29 2,95
SDIO 3.54 3.37 3.03
SPI1 1.52 1.46 1.31
APB2
SPI4 1.50 1.43 1.28 MA/MHz
SYSCFG 0.58 0.55 0.50
EXT1 0.91 0.86 0.78
TIM9 2.95 2.81 2.53
TIM10 1.88 1.79 1.61
TIM11 1.86 1.77 1.59
SPI5 1.50 1.43 1.30
SAl 2.89 2.75 2.47
DFSDM1 4.43 4.21 3.80
DFSDM2 7.08 6.76 6.05
Bus Matrix 4.06 3.87 3.45

1. N is the number of stream enable (1...8).

6.3.7 Wakeup time from low-power modes
The wakeup times given in Table 40 are measured starting from the wakeup event trigger up
to the first instruction executed by the CPU:
e  For Stop or Sleep modes: the wakeup event is WFE.
e  WKUP (PAO/PCO/PC1) pins are used to wakeup from Standby, Stop and Sleep modes.

3
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STM32F413xG/H

Electrical characteristics

The characteristics given in Table 41 result from tests performed using an high-speed
external clock source, and under ambient temperature and supply voltage conditions
summarized in Table 17.

Table 41. High-speed external user clock characteristics

Symbol Parameter Conditions Min Typ Max | Unit
External user clock source
THSE_ext | frequency!) ! i S0 | MHz
Vusen | OSC_IN input pin high level voltage 0.7Vpp - Vpp v
Vuser | OSC_IN input pin low level voltage Vss - 0.3Vpp
bw(HSE) OSC_IN high or low time(" 5 - -
tw(HsE) s
tr(HSE) OSC_IN rise or fall time(") - - 10
tiHsE)
Cinnse) | OSC_IN input capacitance(") - 5 - pF
DuCy sk | Duty cycle 45 - 55 %
I OSC_IN Input leakage current Vss <Vin<Vpp - - 11 MA

1. Guaranteed by design.

Low-speed external user clock generated from an external source

In bypass mode the LSE oscillator is switched off and the input pin is a standard 1/0. The
external clock signal has to respect the Table 59. However, the recommended clock input
waveform is shown in Figure 28.

The characteristics given in Table 42 result from tests performed using an low-speed
external clock source, and under ambient temperature and supply voltage conditions
summarized in Table 17.

Table 42. Low-speed external user clock characteristics

Symbol Parameter Conditions Min Typ Max Unit
User External clock source
fLSE ext frequency(!) - 32.768 1000 kHz
OSC32_IN input pin high level
ViseH voltage 0.7Vpp Vbp v
V| seL OSC32_IN input pin low level voltage Vss - 0.3Vpp
W(LSE) | 0SC32_IN high or low time(™ 450 - -
tiLsE)
ns
trLse) 0SC32_IN rise or fall time(") - - 50
tiLsE)
Cinsey | OSC32_IN input capacitance(!) - 5 - pF
DuCy sk | Duty cycle 30 - 70 %
I OSC32_IN Input leakage current Vss<VINE Vpp - - 1 MA
1. Guaranteed by design.
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6.3.9

3

Internal clock source characteristics

The parameters given in Table 45 and Table 46 are derived from tests performed under
ambient temperature and Vpp supply voltage conditions summarized in Table 17.

High-speed internal (HSI) RC oscillator

Table 45. HSI oscillator characteristics (1)

Symbol Parameter Conditions Min | Typ | Max | Unit
fusi Frequency - - 16 - MHz
HSI user trimming step(@) - - - 1 %
Tp =—40to 125 °C®) -8 - | 675 | %
ACCpyg; Ta =—40to 105 °C®) -8 - | 45 | %
Accuracy of the HSI oscillator
To=-10t0 85 °C®® —4 - 4 %
Tp =25°C*) —1 - 1 %
tsu(HS|)(2) HSI oscillator startup time - - 2.2 4 us
1. Vpp =3.3V, Tp =-40 to 125 °C unless otherwise specified.
2. Guaranteed by design
3. Based on characterization
4. Factory calibrated, parts not soldered.

Figure 31. ACChg, versus temperature

0.06
0.04-

0 o

T 0 v v . . T

3 40 25 5 8 105 125 TA (°C)

< 0.021
0.044 Min

—o—Max
<0.061 ——Typical
.08
MS30492V1
1. Guaranteed by characterization results.
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Table 56. ESD absolute maximum ratings

Symbol Ratings Conditions Class Maximt:m Unit
value(")

Electrostatic

VEespHam) | discharge voltage Tp = +25 °C conforming to JESD22-A114 2 2000
(human body model)

Tp = +25 °C conforming to ANSI/ESD STM5.3.1, Vv

Electrostatic UFBGA144, UFBGA100, LQFP144, LQFP100, 3 250

VEesp(cowm) |discharge voltage WLCSP81, LQFP64

(charge device model) | T, — +25 °C conforming to ANSI/ESD STM5.3.1,

UFQFPN48 4 500

1. Guaranteed by characterization results.

Static latchup

Two complementary static tests are required on six parts to assess the latchup
performance:

e A supply overvoltage is applied to each power supply pin

e A current injection is applied to each input, output and configurable 1/0O pin

These tests are compliant with EIA/JESD 78A IC latchup standard.

Table 57. Electrical sensitivities

Symbol Parameter Conditions Class
LU Static latch-up class Ta = +125 °C conforming to JESD78A Il'level A
6.3.15 I/0 current injection characteristics

3

As a general rule, current injection to the I/O pins, due to external voltage below Vgg or
above Vpp (for standard, 3 V-capable 1/O pins) should be avoided during normal product
operation. However, in order to give an indication of the robustness of the microcontroller in
cases when abnormal injection accidentally happens, susceptibility tests are performed on a
sample basis during device characterization.

Functional susceptibility to I/O current injection

While a simple application is executed on the device, the device is stressed by injecting
current into the 1/0 pins programmed in floating input mode. While current is injected into
the 1/0 pin, one at a time, the device is checked for functional failures.

The failure is indicated by an out of range parameter: ADC error above a certain limit (>5
LSB TUE), out of conventional limits of induced leakage current on adjacent pins

(out of =5 pA/+0 YA range), or other functional failure (for example reset, oscillator
frequency deviation).

Negative induced leakage current is caused by negative injection and positive induced
leakage current by positive injection.

The test results are given in Table 58.
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Table 59. I/0 static characteristics (continued)

Symbol Parameter Conditions Min Typ Max Unit
/0 input leakage current ) Vss Vin Vop - - +
likg | 1/O FT/TC input leakage current HA
(5) P 9 Vin=5V - - 3
All pins
except for
Weak pull-up PA10 Vin=Vss 30 40 50
Rpy | equivalent (OTG_FS_ID)
resistor(®) AT
(OTG_FS_ID) ) 7 10 14
kQ
All pins
except for
Weak pull-down | pa10 Vin= VoD 30 40 S0
Rpp | equivalent (OTG_FS_ID)
resistor(”) PATO
(OTG_FS_ID) ) 7 10 14
C|O(8) I/O pin capacitance - - 5 - pF
1. Guaranteed by test in production.
2. Guaranteed by design.
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 58: 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 58: 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 results.

3

All'l/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 and TC I/Os is shown in Figure 35.
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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 64. Refer also to Section 6.3.16: I/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 64. I°C characteristics
Standard mode 12C(1)2) Fast mode 12C(1)(2)
Symbol Parameter Unit
Min Max Min Max
tw(SCLL) SCL clock low time 4.70 - 1.30 -
tW(SCLH) SCL clock hlgh time 4.0 - 0.60 -
tsuispa) SDA setup time 0.25 - 0.10 -
th(SDA) SDA data hold time 0 - 0 -
tyspaack) | SDA data hold time - 3.450) - 0.90¢4)
'(sDA) | SDA and SCL rise time - 0.100 . 0.30
ty(scL)
%SDA) | SDA and SCL fall time ; 0.30 ; 0.30
tiscL) us
th(sTA) Start condition hold time 4 - 0.6 -
Repeated Start condition setu
tou(sTA) timz P 4.7 - 0.6 -
tsu(sTO) Stop condition setup time 4 - 0.60 -
Stop to Start condition time (bus
tw(sTO:STA) freep) ( 4.70 - 1.3 -
Pulse width of the spikes that are
tsp suppressed by the analog filter - - 0.05 0.10)
for standard fast mode
Cp Capacitive load for each bus line - 400 - 400 pF

N

Guaranteed by design.

ng_#“ must be at least 2 MHz to achieve standard mode I°C frequencies. It must be at least 4 MHz to achieve fast mode
1°C tr

equencies, and a multiple of 10 MHz to reach the 400 kHz maximum I2C fast mode clock.

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.

S74

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

The minimum width of the spikes filtered by the analog filter is above tgp (max)
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3

Figure 43. I2S slave timing diagram (Philips protocol)

CK Input

- tc(CK) —p!

: " [l I
Il 1 " [ 1
[ 1 " [ ]
[ 1 " [ ]
I | ) I pmeessses [l
Il 1 " [ 1
tw(CKH) —E<—>:<—>?— tw(CKL) E : th(ws)
WS input ] ' ' | :
tsu(ws) ! : v(SD_ST) : h(SD_ST)
D gy /[ — V — \/ """
SDtransmit X LSB transmit® X MSB transmit Bitn transmit LSB transmit
tsu(SD_SR) h(SD_SR)
SDreceive X LSB receive® MSB receive Bitn receive 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)

CK output
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X LSB transmit(®) X MSB transmltﬁ_I Bitn tl-’E;I’;S-n’-lIt l LSB transmit

tsu(SD_MR) th(SD_MR)
X LSB receive? MSB receive Bitn receive LSB receive

ai14884b

SDtransmit

SDreceive

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

DoclD029162 Rev 4 139/208




STM32F413xG/H Electrical characteristics

6.3.26

3

FSMC characteristics

Unless otherwise specified, the parameters given in Table 88 to Table 95 for the FSMC
interface are derived from tests performed under the ambient temperature, fyc|  frequency
and Vpp supply voltage conditions summarized in Table 16, with the following configuration:

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

Refer to Section 6.3.16: I/O port characteristics for more details on the input/output
characteristics.

Asynchronous waveforms and timings

Figure 53 through Figure 56 represent asynchronous waveforms and Table 88 through
Table 95 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)
e  BusTurnAroundDuration = 0x0

In all timing tables, the Ty k is the HCLK clock period.
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Figure 54. Asynchronous non-multiplexed SRAM/PSRAM/NOR write waveforms

tuing) >
FSMC_NEx _\ /_
FSMC_NOE _/
—  tynwE_NE) T twnwE) >l - thNE_NWE)
FSMC_NWE /
> tya_Ng) thia_nwe) T >
FSMC_A[25:0] I Address X
» tyeLNE) theL_NwE) T >
FSMC_NBL[1:0] T NBL X
— typataney — ™  thpata_nwE) 1
FSMC_D[15:0] Data
> tunADV_NE)

twnaDV)

FSMC_NADV

FSMC_NWAIT

thve_NwaIT) —

tsuNWAIT NE) ——
MSv39034V1

1. Mode 2/B, C and D only. In Mode 1, FSMC_NADYV is not used.

Table 90. Asynchronous non-multiplexed SRAM/PSRAM/NOR write timings(1(2)

Symbol Parameter Min Max Unit
tw(NE) FSMC_NE low time 3 thoak -1 | 3 tHak -1
tynwe NE)y | FSMC_NEX low to FSMC_NWE low thelk - 1 theok + 0.5
tw(NWE) FSMC_NWE low time theik - 1.5 | thok + 0.5
thne_nwe) | FSMC_NWE high to FSMC_NE high hold time tHelk -
tyA_NE) FSMC_NEXx low to FSMC_A valid - 0
tha_Nwgy | Address hold time after FSMC_NWE high thelk - 0.5 - .
ty(BL NE) FSMC_NEXx low to FSMC_BL valid - 0.5
theL Nwey | FSMC_BL hold time after FSMC_NWE high thcLk - 0.5 -
typata NE)y | Data to FSMC_NEx low to Data valid - tholk + 2.5
thData_Nnwe) | Data hold time after FSMC_NWE high tholk -
tynabv Ny | FSMC_NEx low to FSMC_NADV low - 0
twNADV) FSMC_NADYV low time - thok + 1

3
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Device marking for LQFP144

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

Other optional marking or inset/upset marks, which identify the parts throughout supply
chain operations, are not indicated below.

Figure 77. LQFP144 marking example (package top view)

Revision code

Product identification(1) m O |A |
NSTM32F41L3ZHTL |
| |

IR

Date code

Pin 1 | || ||Y|UU|

identifier \“

MSv39479V1

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.

3
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3

UFBGA144 package information

Figure 81. UFBGA144 - 144-pin, 10 x 10 mm, 0.80 mm pitch, ultra fine pitch ball
grid array package outline
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1. Drawing is not to scale.

Table 111. UFBGA144 - 144-ball, 10 x 10 mm, 0.80 mm pitch, ultra fine pitch ball grid

array package mechanical data

millimeters inches(")
Symbol
Min. Typ. Max. Min. Typ. Max.
A 0.460 0.530 0.600 0.0181 0.0209 0.0236
A1 0.050 0.080 0.110 0.0020 0.0031 0.0043
A2 0.400 0.450 0.500 0.0157 0.0177 0.0197
A3 - 0.130 - - 0.0051 -
A4 - 0.320 - - 0.0126 -
0.360 0.400 0.440 0.0091 0.0110 0.0130
D 9.950 10.000 10.050 0.2736 0.2756 0.2776
D1 8.750 8.800 8.850 0.2343 0.2362 0.2382
E 9.950 10.000 10.050 0.2736 0.2756 0.2776
E1 8.750 8.800 8.850 0.2343 0.2362 0.2382
e 0.750 0.800 0.850 - 0.0197 -
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