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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Active

ARM® Cortex®-M4

32-Bit Single-Core

100MHz

CANbus, EBI/EMI, I12C, IrDA, LINbus, MMC/SDIO, QSPI, SAI, SPI, UART/USART, USB OTG
Brown-out Detect/Reset, DMA, I2S, LCD, POR, PWM, WDT
81

1.5MB (1.5M x 8)

FLASH

320K x 8

1.7V ~ 3.6V

A/D 16x12b; D/A 2x12b

Internal

-40°C ~ 85°C (TA)

Surface Mount

100-LQFP

100-LQFP (14x14)
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STM32F413xG/H Functional overview
3.18.3 Regulator ON/OFF and internal reset ON/OFF availability
Table 4. Regulator ON/OFF and internal power supply supervisor availability
Power supply Power supply
Package Regulator ON Regulator OFF supervisor ON supervisor OFF
UFQFPN48 Yes No Yes No
LQFP64 Yes No Yes No
Yes Yes Yes Yes
WLCSP81 BYPASS_REG BYPASS_REG PDR_ON PDR_ON
set to Vgg set to Vpp set to Vpp set to Vgg
LQFP100 Yes No Yes No
LQFP144 Yes No
Yes Yes
UFBGA100 BYPASS_REG BYPASS_REG Yes Yes
set to Vgg set to Vpp PDR_ON PDR_ON
set to Vpp setto Vgg
Yes Yes
UFBGA144 BYPASS_REG BYPASS_REG
set to Vgg set to Vpp
3.19 Real-time clock (RTC) and backup registers

3

The backup domain includes:
e  The real-time clock (RTC)
e 20 backup registers

The real-time clock (RTC) is an independent BCD timer/counter. Dedicated registers contain
the second, minute, hour (in 12/24 hour), week day, date, month, year, in BCD (binary-
coded decimal) format. Correction for 28, 29 (leap year), 30, and 31 day of the month are
performed automatically. The RTC features a reference clock detection, a more precise
second source clock (50 or 60 Hz) can be used to enhance the calendar precision. The RTC
provides a programmable alarm and programmable periodic interrupts with wakeup from
Stop and Standby modes. The sub-seconds value is also available in binary format.

Itis clocked by a 32.768 kHz external crystal, resonator or oscillator, the internal low-power
RC oscillator or the high-speed external clock divided by 128. The internal low-speed RC
has a typical frequency of 32 kHz. The RTC can be calibrated using an external 512 Hz
output to compensate for any natural quartz deviation.

Two alarm registers are used to generate an alarm at a specific time and calendar fields can
be independently masked for alarm comparison. To generate a periodic interrupt, a 16-bit
programmable binary auto-reload downcounter with programmable resolution is available
and allows automatic wakeup and periodic alarms from every 120 ps to every 36 hours.

A 20-bit prescaler is used for the time base clock. It is by default configured to generate a
time base of 1 second from a clock at 32.768 kHz.

The backup registers are 32-bit registers used to store 80 byte of user application data
when Vpp power is not present. Backup registers are not reset by a system, a power reset,
or when the device wakes up from the Standby mode (see Section 3.20: Low-power
modes).
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STM32F413xG/H Functional overview

3.34

3.35

3.36

3.37

3

The main USB OTG FS features are:

e Combined Rx and Tx FIFO size of 320 x 35 bits with dynamic FIFO sizing

e  Support of session request protocol (SRP) and host negotiation protocol (HNP)
e 6 bidirectional endpoints

e 12 host channels with periodic OUT support

e  HNP/SNP/IP inside (no need for any external resistor)

e For OTG/Host modes, a power switch is needed when bus-powered devices are
connected

e Link Power Management (LPM)
e Battery Charging Detection (BCD) supporting DCP, CDP and SDP

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 TIMS5 timer.

Digital to analog converter (DAC)

The two 12-bit buffered DAC channels can be used to convert two digital signals into two
analog voltage signal outputs.

This digital interface supports the following features:
e  Two DAC output channels

DoclD029162 Rev 4 41/208




Pinouts and pin description

STM32F413xG/H

Figure 15. STM32F413xG/H LQFP144 pinout
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The above figure shows the package top view.
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Pinouts and pin description

STM32F413xG/H

Table 10. STM32F413xG/H pin definition

Pin Number
Pin name
Sl <ls|2|!8 |3 || (function | Pin 10 . Additional
Zlo|la|l 8 | | T |3 Notes | Alternate functions .
& & AR g g a afterm type | structure functions
E g o '-6 m | @ E—, reset)
=) =<4 |55 |-
TRACECLK,
SPI4_SCK/I2S4_CK,
SPI5_SCK/I2S5_CK,
N ) SAI1_MCLK_A, )
NC| 1 | B2 | A3 | 1 PE2 10 FT QUADSPI_ BK1 102,
UART10_RX,
FSMC_A23,
EVENTOUT
TRACEDO, SAI1_SD_B,
N ) UART10_TX, )
NC| 2 | A1 | A2 | 2 PE3 10 FT FSMC_A19,
EVENTOUT
TRACED1,
SPI4_NSS/I12S4 WS,
SPI5_NSS/I1285_WS,
-l -|INC| 3 |B1|B2]| 3 PE4 110 FT @) SAI1_SD_A, -
DFSDM1_DATIN3,
FSMC_A20,
EVENTOUT
TRACED2, TIM9_CHH1,
SPI4_MISO,
SPI5_MISO,
-|-INC| 4 | C2| B3| 4 PE5 110 FT @ SAIM_SCK_A, -
DFSDM1_CKIN3,
FSMC_A21,
EVENTOUT
TRACED3, TIM9_CH?2,
SPI4_MOSI/12S4_SD,
| @3 | SPI5_MOSI/2S5_SD, )
NC| 5 | D2 | B4 | 5 PE6 /0 FT SAH_FS A
FSMC_A22,
EVENTOUT
111|B9| 6 |E2|C2| 6 VBAT s - - - VBAT
2|2|c8| 7 |Cc1|A1]| 7 PC13- I/0 FT ) EVENTOUT TAMP_1
ANTI_TAMP -
3|3|co| 8 | D1 | Bl |8 pC14- /0 FT (4)(5)6) EVENTOUT OSC32_IN
0SC32_IN -
4| 4|pDo| 9 |E1]ct1]o PC15- T FT “)6) EVENTOUT 0SC32_0UT
0SC32_0UT -
12C2_SDA, FSMC_AO,
- - - - | c3 |10 PFO /0 FT - EVENTOUT -
I2C2_SCL, FSMC_A1,
- - - - | ca | PF1 /0 FT - CVENTOUT -
50/208 DoclD029162 Rev 4 ‘Yl




STM32F413xG/H

Pinouts and pin description

Table 10. STM32F413xG/H pin definition (continued)

Pin Number

UFQFPN48
LQFP64

WLCSP81

LQFP100

UFBGA100

UFBGA144

LQFP144

Pin name
(function

after

reset)“)

Pin
type

110
structure

Notes

Alternate functions

Additional
functions

28 | 36

H1

54

K10

L12

76

PB15

1/0 FTf

RTC_REFIN,
TIM1_CH3N,
TIM8_CHS3N,
[2CFMP1_SCL,
SPI2_MOSI/12S2_SD,
DFSDM1_CKIN2,
TIM12_CH2, SDIO_CK,
EVENTOUT

NC

55

L9

77

PD8

1/10 FT

USART3_TX,
FSMC_D13/FSMC_DA1
3, EVENTOUT

F2

56

K8

K9

78

PD9

110 FT

USART3_RX,
FSMC_D14/FSMC_DA1
4, EVENTOUT

G1

57

J12

J9

79

PD10

1/10 FT

USART3_CK,
UART4_TX,
FSMC_D15/FSMC_DA1
5, EVENTOUT

NC

58

J1

H9

80

PD11

110 FT

DFSDM2_DATIN2,
I2CFMP1_SMBA,
USART3_CTS,
QUADSPI_BK1_l00,
FSMC_A16,
EVENTOUT

NC

59

J10

L10

81

PD12

110 FTf

TIM4_CHA,
DFSDM2_CKIN2,
I2CFMP1_SCL,
USART3_RTS,
QUADSPI_BK1_IO1,
FSMC_A17,
EVENTOUT

NC

60

H12

K10

82

PD13

110 FTf

TIM4_CH2,
I2CFMP1_SDA,
QUADSPI_BK1_l03,
FSMC_AT18,
EVENTOUT

G8

83

VSS

F8

84

VDD

NC

61

H11

K11

85

PD14

110 FTf

TIM4_CH3,
I2CFMP1_SCL,
DFSDM2_CKINO,
UART9_RX,
FSMC_DO/FSMC_DAO,
EVENTOUT

3
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Pinouts and pin description

STM32F413xG/H

Table 10. STM32F413xG/H pin definition (continued)

Pin Number
Pin name
Slels| 2|18 |3 || (function | Pin /0 . Additional
Zlola |8 | | 5 |3 Notes | Alternate functions -
alalp|la || < | after type | structure functions
Lkl olw | Q|9 | "Ny
Glc|l2| & | o | m |G| rese
Ll J4 3|3 w |3
=] > | >
TIM4_CH4,
I2CFMP1_SDA,
i @ DFSDM2_DATINO, )
NC| 62 | H10 | K12 | 86 PD15 1/0 FTf UART9_TX,
FSMC_D1/FSMC_DAT,
EVENTOUT
FSMC_A12,
- -] - - - J12 | 87 PG2 1/0 FT - EVENTOUT -
FSMC_A13,
- -] - - - J11 | 88 PG3 1/0 FT - EVENTOUT -
FSMC_A14,
-] - - - | J10 | 89 PG4 /0 FT - EVENTOUT -
FSMC_A15,
- -] - - - | H12 | 90 PG5 110 FT - EVENTOUT -
QUADSPI_BK1_NCS,
- -] - - - H11 | 91 PG6 1/10 FT - EVENTOUT -
USART6_CK,
- -] - - - | H10 | 92 PG7 I/0 FT - EVENTOUT -
USART6_RTS,
- -] - - - | G11| 93 PG8 I/0 FT - EVENTOUT -
-] - - - - | o4 VSS S - - - -
- - - - |F10]| - VDD s - - - -
- - |F1| - - |c1 |95 | vDDUSB s - - - -
TIM3_CH1, TIM8_CH1,
I2CFMP1_SCL,
[2S2_MCK,
DFSDM1_CKIN3,
- |37|D5| 63 |E12 | G12 | 96 PC6 1/0 FTf - DFSDM2_DATING, -
USART6_TX,
FSMC_D1/FSMC_DA(1,
SDIO_D6, EVENTOUT
TIM3_CH2, TIM8_CH2,
I2CFMP1_SDA,
SPI2_SCK/1282_CK,
[2S3_MCK,
- |38 |D4| 64 | E11| F12 | 97 PC7 1/0 FTf - DFSDM2_CKINS, -
USART6_RX,
DFSDM1_DATINS,
SDIO_D7, EVENTOUT
58/208 DoclD029162 Rev 4 Kys




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 (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

H/OXELYH4ZEINLS
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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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Electrical characteristics STM32F413xG/H

3. When the ADC is ON (ADON bit set in the ADC_CR2 register), add an additional power consumption of 1.6 mA for the
analog part.

Table 24. Typical and maximum current consumption, code with data processing (ART
accelerator disabled) running from SRAM - Vpp =3.6 V

Typ Max(1)

g chLK .
Symbol | Parameter Conditions (MHz) Ta= Ta= Ta= Ta= Ta= Unit

25°C | 25°C 85°C | 105°C | 125°C

100 333 [35320)| 3565 | 37.65 | 41.260
84 26.8 |28.450)| 2897 | 30.82 | 34.3903

External clock, 64 18.6 |19.74®) | 2035 | 2211 | 25.350)
PLL ON,
25 7.8 8.37 9.64 1132 | 14.68
20 6.7 7.25 8.40 10.25 | 13.45
HSI, PLL OFF®), 16 4.6 4.96 6.39 8.20 11.54
Supply | all peripherals enabled® [ 0.8 0.86 2.51 4.34 7.65
oo I.:S:i?;:‘e 100 | 157 |16.74® | 1762 | 1950 | 23.16@ | ™

84 12.7 |1357® | 1460 | 16.38 | 19.98C)
External clock,

PLL ON 64 9.0 | 962® | 1060 | 1237 | 15580
all peripherals 50 7.1 769 | 879 | 1063 | 13.79
disabled®
25 4.0 452 | 568 7.44 | 10.68
20 3.4 403 | 523 6.90 | 10.27
HSI, PLL OFF, 16 2.3 244 | 4.00 5.81 9.13
all peripherals
disabled®? 1 0.6 070 | 235 | 4.18 7.49

1. Guaranteed by characterization results.

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
analog part.

Tested in production

4. When analog peripheral blocks such as ADC, HSE, LSE, HSI, or LS| are ON, an additional power consumption has to be
considered

3
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Table 25. Typical and maximum current consumption in run mode, code with data processing
(ART accelerator enabled except prefetch) running from Flash memory-Vpp =1.7V

Typ Max(")
Symbol | Parameter Conditions {I|\-III(I:-ILZK) T = Ta= | Ta= | Ta= | Ta= |UNit
25°C 25°C | 85°C (105°C |[125°C
100 30.2 32.03 | 32.71 | 34.69 | 38.46
84 24.3 25.77 | 26.58 | 28.47 | 32.16
Eﬁfg;‘y clock, 64 16.8 | 17.80 | 18.66 | 20.53 | 23.85
all peripherals enabled@3) 50 13.2 14.05 | 15.12 | 16.85 | 20.27
25 71 7.62 8.92 | 1081 | 14.11
20 6.1 6.69 7.95 9.72 | 13.09
HSI, PLL OFF, 16 4.4 4.99 6.28 8.18 | 11.45
o 2:1:;22{[ o all peripherals enabled® 1 0.9 1.50 2.88 4.58 8.00 A
Run mode 100 | 126 | 1346 | 14.75 | 16.68 | 20.54
84 10.2 10.90 | 12.25 | 1410 | 17.84
Eﬁegﬂ(gOCk‘ 64 7.2 7.70 | 895 | 10.81 | 14.14
all peripherals disabled® 50 5.7 6.26 7.56 9.26 | 12.72
25 3.2 3.77 511 6.82 | 10.26
20 29 3.41 4.79 6.49 9.92
HSI, PLL OFF, all 16 21 2.63 3.91 5.80 9.06
peripherals disabled(® 1 08 | 134 | 272 | 442 | 7.86

Guaranteed by characterization results..

while the ADC is ON (ADON bit is set in the ADC_CR2 register).

analog part.

3

Refer to Table 47 and RM0383 for the possible PLL VCO setting
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Add an additional power consumption of 1.6 mA per ADC for the analog part. In applications, this consumption occurs only
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Table 26. 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(")

g chLK .
Symbol Parameter Conditions (MHz) | Ta= T = Ta= | Ta= | Ta= Unit

25°C | 25°C |85°C |105°C |125°C

100 30.7 |32.854)[33.30| 35.37 | 39.08
84 247 | 26.48 |27.15| 28.94 | 32.65

External clock, 64 172 | 18.36 |19.14 | 20.88 | 24.29
PLL ON®),
all peripherals enabled®) 50 13.6 1454 | 1545 | 17.27 | 20.58
25 7.4 7.97 | 9.23 | 11.05 | 14.42
20 6.4 6.99 | 8.18 | 10.03 | 13.32
HSI, PLL OFF, all 16 4.5 504 | 6.32 | 823 | 11.50
o Supply current peripherals enabled®) 1 1.0 150 | 2.89 | 4.59 | 8.01 A
in Run mode 100 | 13.1 14.36 | 15.33 | 17.25 | 20.98
84 10.7 | 11.67 |12.73| 14.56 | 18.21
External clock, PLL ON(@) 64 7.5 8.23 9.40 | 11.13 | 14.52
all peripherals disabled® |50 | 61 | 674 | 7.89 | 9.61 | 12.98

25 | 35 | 419 | 537 | 7.08 | 10.48
20 | 32 | 371 | 502 | 6.72 | 10.15
HSI, PLL OFF, all 16 2.1 2.67 3.95 5.84 9.10
peripherals disabled®) 1 08 | 135 | 272 | 443 | 787

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).

4. Tested in production.

3
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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).

Table 33. Typical and maximum current consumptions in Stop mode - Vpp=1.7 V

Typ") Max("

Symbol Conditions Parameter Ta= | Ta=| Ta= Ta= Ta= Unit
25°C |25°C| 85°C | 105°C |125°C

Flash in Stop mode, Main regulator usage 111.7 | 157.9| 713.7 | 1323.5 {23151

all oscillators OFF, no

independent watchdog |LOW Power regulator usage 42.3 | 80.1 | 594.1 | 1167.6 |2097.6
Iob_sTop|Flash in Deep power Main regulator usage 77.9 |113.1| 568.3 | 1073.6 |1883.7 A

down mode, all Low power regulator usage 19.7 | 55.8 | 561.3 | 1123.2 |2026.0

oscillators OFF, no

independent watchdog Low power low voltage regulator

15.3 | 46.3 | 490.8 | 991.3 |1793.9
usage

1. Guaranteed by characterization results.

Table 34. Typical and maximum current consumption in Stop mode - Vpp=3.6 V

Typ Max(V)

Symbol Conditions Parameter Ta= | Ta= | Ta=| Ta= Ta= Unit
25°C| 25°C |85°C|105°C | 125°C

Flash in Stop mode, all  [Main regulator usage 114.4 [161.69| 723.0 | 1339.0 [2342.7?)
oscillators OFF, no 2
independent watchdog ~ |-OW power regulator usage 44.1 | 82.5(2) |600.6 | 1179.3 | 2119.1

Iob_sTop |[Flash in Deep power Main regulator usage 80.6 | 116.7 |572.3|1079.2 | 1896.3 pA

down mode, all Low power regulator usage 214 | 58.9 |567.9|1134.5| 2049.6
oscillators OFF, no

independent watchdog

Low power low voltage

17.0 | 49.0@ |497.4 | 1003.6 [1817.01
regulator usage

1. Guaranteed by characterization results.
2. Tested in production.

Table 35. Typical and maximum current consumption in Standby mode - Vpp=1.7 V
Typ(1) Max(z)

Symbol Parameter Conditions Ta= |Ta=| Ta= | Ta= | Ta= Unit
25°C |25°C|85°C | 105°C |125°C

Low-speed oscillator (LSE in low drive
mode) and RTC ON 2.3 37 | 159 | 325 | 76.8

Supply currentin

'DD_STBY |Standby mode 'r‘noo"‘c’,':)p:fgg?%”'gtﬁr("s'z inhighdrive | 5q | 43 | 165 | 331 | 774 | ¥A
RTC and LSE OFF 11 | 25 | 147 | 313 | 756

1. When the PDR is OFF (internal reset is OFF), the typical current consumption is reduced by 1.2 pA.
2. Guaranteed by characterization results.
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Table 36. Typical and maximum current consumption in Standby mode - Vpp= 3.6 V

Typ(1) Max(z)
Symbol Parameter Conditions Ta= [Ta=| Ta= | Ta= | Ta= Unit
25°C (25°C|85°C | 105°C [125°C
Low-speed oscillator (LSE in low drive
mode) and RTC ON 3.7 52 | 20.6 40.5 82.7
Supply currentin . — -
IDD_STBY Low-speed oscillator (LSE in high drive A
Standby mode mode) and RTC ON 4.5 6.0 | 214 41.3 83.5
RTC and LSE OFF 25 | 40 | 194 | 39.3 [81.50)
1. When the PDR is OFF (internal reset is OFF), the typical current consumption is reduced by 1.2 pA.
2. Guaranteed by characterization, not tested in production unless otherwise specified.
3. Tested in production.
Table 37. Typical and maximum current consumptions in Vgar mode
Typ Max(?
—oR o Ta=| Ta= | Ta=
Symbol | Parameter Conditions(! Ta=25°C 85 °C 105 °C|125 °C|Unit
Vgat = |VBaT=|VBAT = |VBAT= -
1.7V |24V |33V |36V Vear =36V
Low-speed oscillator (LSE in
Backup low-drive mode) and RTC ON 0.74 | 0.84 | 1.04 | 1.24 | 3.00 | 5.00 | 10.00
I domain Low-speed oscillator (LSE in HA
DD_VBAT -
izfrzlzt high-drive mode) and RTC ON 151 | 164 | 1.89 | 2.00 | 3.80 | 5.80 | 11.60
RTC and LSE OFF 0.03 | 0.03 | 0.04 | 0.04 | 2.00 | 4.00 | 8.00

1. Crystal used: Abracon ABS07-120-32.768 kHz-T with a C_ of 6 pF for typical values.

2. Guaranteed by characterization results.

100/208
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Low-speed internal (LSI) RC oscillator

Table 46. LSI oscillator characteristics (1)

Symbol Parameter Min Typ Max Unit
fis®  |Frequency 161 | 320 | 470 | kHz

tsus))’® | LSl oscillator startup time - 150 | 40.0 Hs

Ioos)® | LS! oscillator power consumption - 0.4 0.6 HA

1. Vpp =3V, Ty =40 to 125 °C unless otherwise specified.
Guaranteed by characterization results.
Guaranteed by design.

Figure 32. ACC g, versus temperature
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6.3.10 PLL characteristics
The parameters given in Table 47 and Table 48 are derived from tests performed under
temperature and Vpp supply voltage conditions summarized in Table 17.
Table 47. Main PLL characteristics
Symbol Parameter Conditions Min Typ Max Unit
foLL N PLL input clock(") - 0.95() 1 2.10
feLLP ouT PLLP multiplier output clock - 24 - 100
48 MHz PLLQ multiplier
fpLLQ ouT output clock - - 48 75 MHz
£ PLLR multiplier output clock ) ) _ 216
PLLR_OUT for 12S and SAI
fyco_out PLL VCO output - 100 - 432
PLL lock time VCO freq = 100 MHz 75 - 200
tLock Hs
VCO freq = 432 MHz 100 - 300
Cycle-to-cycle jitter RMS - 25 -
peak
to - +150 -
System clock peak
. . 100 MHz R -
Jitter® Period Jitter RMS 15 -
peak
to - 200 -
peak
Bit Time CAN jitter Cycle tocycleat 1MHz | 330 -
on 1000 samples.
VCO freq = 100 MHz 0.15 0.40
4 .
IDD(PLL)( ) PLL power consumption on VDD VCO freq = 432 MHz 0.45 - 0.75 .
m
| (4) PLL power consumption on VCO freq = 100 MHz 0.30 i 0.40
DDA(PLL) VDDA VCO freq = 432 MHz 0.55 0.85

1. Take care of using the appropriate division factor M to obtain the specified PLL input clock values. The M factor is shared
between PLL and PLLI2S.

2. Guaranteed by design.

The use of two PLLs in parallel could degraded the Jitter up to +30%.

4. Guaranteed by characterization results.

3
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6.3.11 PLL spread spectrum clock generation (SSCG) characteristics
The spread spectrum clock generation (SSCG) feature allows to reduce electromagnetic
interferences (see Table 55: EMI characteristics for LQFP144). It is available only on the
main PLL.
Table 49. SSCG parameter constraints

Symbol Parameter Min Typ Max(!) Unit
fMod Modulation frequency - - 10 kHz

md Peak modulation depth 0.25 - 2 %

MODEPER * INCSTEP (Modulation period) * (Increment Step) - - 2151 -

1.

3

Guaranteed by design.

Equation 1
The frequency modulation period (MODEPER) is given by the equation below:

MODEPER = round[fp | v/ (4% fyeq)]

feLL Ny @nd fyoq Mmust be expressed in Hz.
As an example:

If foLL (v =1 MHz, and fyyop = 1 kHz, the modulation depth (MODEPER) is given by
equation 1:

MODEPER = round[10%/ (4x 10%)] = 250

Equation 2
Equation 2 allows to calculate the increment step (INCSTEP):

INCSTEP = round[((2"° = 1) x mdx PLLN)/ (100 x 5x MODEPER)]
fyco_out must be expressed in MHz.
With a modulation depth (md) = £2 % (4 % peak to peak), and PLLN = 240 (in MHz):

INCSTEP = round[((2"°=1)x 2 x 240)/ (100 x 5x 250)] = 126md(quantitazed)%

An amplitude quantization error may be generated because the linear modulation profile is
obtained by taking the quantized values (rounded to the nearest integer) of MODPER and
INCSTEP. As a result, the achieved modulation depth is quantized. The percentage
quantized modulation depth is given by the following formula:

Mdgyantizea% = (MODEPER x INCSTEP x 100x 5)/ ((2'°~1)x PLLN)

As a result:

Mdguantized% = (250 % 126x 100x 5)/ ((2'°-1)x 240) = 2.002%(peak)
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FMPI2C 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 66. 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) | DA and SCL fall time - 0.30 - 0.30 -0 012 | 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.

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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2. The USB OTG FS functionality is ensured down to 2.7 V but not the full USB full speed electrical
characteristics which are degraded in the 2.7-t0-3.0 V Vpp voltage range.

Guaranteed by design.
R, is the load connected on the USB OTG FS drivers.

Note: When VBUS sensing feature is enabled, PA9 should be left at their default state (floating
input), not as alternate function. A typical 200 uA current consumption of the embedded
sensing block (current to voltage conversion to determine the different sessions) can be
observed on PA9 when the feature is enabled.

Figure 47. USB OTG FS timings: definition of data signal rise and fall time

Cross over
points
Differential
data lines / \
e X : X
Vss AN !
tr e tr Pr—l
ai14137b
Table 74. USB OTG FS electrical characteristics("
Driver characteristics
Symbol Parameter Conditions Min Max Unit
t. Rise time(®) C_ =50 pF 4 20 ns
t; Fall time® CL =50 pF 4 20 ns
trim Rise/ fall time matching t/t 90 110 %
VcRrs Output signal crossover voltage 1.3 2.0 \Y

1. Guaranteed by design.
2. Measured from 10% to 90% of the data signal. For more detailed informations, refer to USB Specification -

Chapter 7 (version 2.0).
CAN (controller area network) interface

Refer to Section 6.3.16: I/O port characteristics for more details on the input/output alternate
function characteristics (CANx_TX and CANx_RX).

3

144/208 DoclD029162 Rev 4




