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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®-M7

32-Bit Single-Core

216MHz

CANbus, EBI/EMI, Ethernet, I2C, IrDA, LINbus, SAIl, SD, SPDIF-Rx, SPI, UART/USART, USB OTG
Brown-out Detect/Reset, DMA, IS, LCD, POR, PWM, WDT
168

1MB (1M x 8)

FLASH

320K x 8

1.7V ~ 3.6V

A/D 24x12b; D/A 2x12b

Internal

-40°C ~ 85°C (TA)

Surface Mount

208-LQFP

208-LQFP (28x28)
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Functional overview STM32F745xx STM32F746xx

212 Nested vectored interrupt controller (NVIC)

The devices embed a nested vectored interrupt controller able to manage 16 priority levels,
and handle up to 97 maskable interrupt channels plus the 16 interrupt lines of the Cortex®-
M7 with FPU core.

e  Closely coupled NVIC gives low-latency interrupt processing

e Interrupt entry vector table address passed directly to the core

e Allows early processing of interrupts

e  Processing of late arriving, higher-priority interrupts

e  Support tail chaining

e  Processor state automatically saved

e Interrupt entry restored on interrupt exit with no instruction overhead

This hardware block provides flexible interrupt management features with minimum interrupt
latency.

213 External interrupt/event controller (EXTI)

The external interrupt/event controller consists of 24 edge-detector lines used to generate
interrupt/event requests. Each line can be independently configured to select the trigger
event (rising edge, falling edge, both) and can be masked independently. A pending register
maintains the status of the interrupt requests. The EXTI can detect an external line with a
pulse width shorter than the Internal APB2 clock period. Up to 168 GPIOs can be connected
to the 16 external interrupt lines.

214 Clocks and startup

On reset the 16 MHz internal HSI RC oscillator is selected as the default CPU clock. The
16 MHz internal RC oscillator is factory-trimmed to offer 1% accuracy. The application can
then select as system clock either the RC oscillator or an external 4-26 MHz clock source.
This clock can be monitored for failure. If a failure is detected, the system automatically
switches back to the internal RC oscillator and a software interrupt is generated (if enabled).
This clock source is input to a PLL thus allowing to increase the frequency up to 216 MHz.
Similarly, full interrupt management of the PLL clock entry is available when necessary (for
example if an indirectly used external oscillator fails).

Several prescalers allow the configuration of the two AHB buses, the high-speed APB
(APB2) and the low-speed APB (APB1) domains. The maximum frequency of the two AHB
buses is 216 MHz while the maximum frequency of the high-speed APB domains is

108 MHz. The maximum allowed frequency of the low-speed APB domain is 54 MHz.

The devices embed two dedicated PLL (PLLI2S and PLLSAI) which allow to achieve audio
class performance. In this case, the 12S and SAl master clock can generate all standard
sampling frequencies from 8 kHz to 192 kHz.

3

22[227 DocID027590 Rev 4




Pinouts and pin description

STM32F745xx STM32F746xx

Figure 14. STM32F74xZx LQFP144 pinout
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The above figure shows the package top view.
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STM32F745xx STM32F746xx

Pinouts and pin description

Table 10. STM32F745xx and STM32F746xx pin and ball definition (continued)

Pin Number
Pin o
o | @ © © name | & -3 »
< -— iti
§ g E A E § § D, (function | & 2 -g Alternate functions 'Lf\:::tllzrrl‘zl
Bl o | g & || &g |0 after | F| 82
G| @ | S |c |8 |c|T|D|reset)V Q
| = ; | S | - o
SPI2_MOSI/12S2_SD,
OTG_HS_ULPI_NXT,
18 | F3 | J9 | 29 | M5 | 35 | 38 | L4 PC3 |[I/IO|FT |@® ETH_MI_TX_CLK, ADC1§3—'N1
FMC_SDCKED,
EVENTOUT
- | - |G7|3|G3|36 |3 |J5| VDD |S| - |- - -
-l - -l -] -] -1-19w| vss |sS]| - |- - -
19 | G1 |K10| 31 | M1 |37 |40 [M1| VSSA | S| - |- - -
-l - -] -|Nt| - | - |N| VREF- | S| - |- - -
20| - |[L1M|32|P1|38 |41 |P1| VREF+ | S| - |- - -
21 | H1 [L10| 33 | R1 |39 |42 |R1| VDDA | S| - |- - -
TIM2_CH1/TIM2_ETR,
PAO. TIM5_CH1, TIM8_ETR,
5) USART2_CTS, ADC123_INO,
22| G2 | K9 | 34 | N3 | 40 | 43 | N3 WKAl(J)I)D(P /0| FT UART4. TX, SAI2 SD_B, | WKUPT®
ETH_MII_CRS,
EVENTOUT
TIM2_CH2, TIM5_CH?2,
USART2_RTS,
UART4_RX,
4)| QUADSPI_BK1_lO3,
23 | H2 | K8 | 385 | N2 | 41 | 44 | N2 PA1 |IIO|FT SAI2 MCK_B, ADC123_IN1
ETH_MII_RX_CLK/ETH_
RMII_REF_CLK,
LCD_R2, EVENTOUT
TIM2_CH3, TIM5_CH3,
TIM9_CH1, USART2_TX,
24 | J2 | L9 | 36 | P2 | 42 | 45 | P2 PA2 |I/O|FT |® SAI2_SCK_B, AD\?VLZSELNZ'
ETH_MDIO, LCD_R1,
EVENTOUT
LPTIM1_IN2,
QUADSPI_BK2_100,
SAI2_SCK_B,
-] - - | - | FA| 43| 46 | K4 | PH2 |I/O|FT ETH MIl CRS. -
FMC_SDCKEO, LCD_RO,
EVENTOUT
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Pinouts and pin description STM32F745xx STM32F746xx

Table 10. STM32F745xx and STM32F746xx pin and ball definition (continued)

Pin Number
Pin o
o | ™ © © name | & -3 " "

el 2 |F |3 || |8 |F (function | & | 3 -g Alternate functions Additional

b - S - - - S - B - 4 c| 2|2 functions

L | O 8 L |9 | oL i |9 after a|?

¢ | @ |5 |d|®2|c|c | @] reset)! Q

T I =T I e (e
- - - 83 - 102 | 114 | J10 VSS S - - - -
- - L1 84 [ J13 (103 | 115 | J11 VDD S - - - -

TIM4_CH3, UART8_CTS,
61 H8 J2 | 85 [M14|104 | 116 | L12 PD14 I/IO| FT | - FMC_DO, EVENTOUT -
TIM4_CH4, UART8_RTS,
62 | G8 | K1 86 | L14 [ 105 | 117 | K13 PD15 I/IO| FT | - FMC_D1, EVENTOUT -
- - - - - - 118 | K12 PJ6 IIO| FT | - LCD_R7, EVENTOUT -
- - - - - - 119 | J12 PJ7 I/1O| FT | - LCD_GO0, EVENTOUT -
- - - - - - 120 | H12 PJ8 IIO| FT | - LCD_G1, EVENTOUT -
- - - - - - 121 | J13 PJ9 I/IO| FT | - LCD_G2, EVENTOUT -
- - - - - - 122 | H13 PJ10 IIO| FT | - LCD_G3, EVENTOUT -
- - - - - - 123 | G12 PJ11 IIO| FT | - LCD_G4, EVENTOUT -
- - - - - - 124 | H11 VDD S - - - -
- - - - - - 125 | H10 VSS S - - - -
- - - - - - 126 | G13 PKO I/IO| FT | - LCD_G5, EVENTOUT -
- - - - - - 127 | F12 PK1 I/1O| FT | - LCD_G6, EVENTOUT -
- - - - - - 128 | F13 PK2 IIO| FT | - LCD_G7, EVENTOUT -
- - J1 87 [L15[106 | 129 |M13 PG2 IIO| FT | - FMC_A12, EVENTOUT -
- - G3 | 88 |[K15[107 | 130 | M12 PG3 IO FT | - FMC_A13, EVENTOUT -
FMC_A14/FMC_BAO,

- - G5 | 89 | K14 | 108 | 131 | N12 PG4 I/O| FT | - EVENTOUT -
FMC_A15/FMC_BAA,

- - G6 | 90 | K13 109 | 132 | N11 PG5 I/IO| FT | - EVENTOUT -
DCMI_D12, LCD_R?7,

- - G4 | 91 |J15 110|133 | J15 PG6 I/IO| FT | - EVENTOUT -

USART6_CK, FMC_INT,
- - HA1 92 | J14 | 111|134 | J14 PG7 I/IO| FT | - DCMI_D13, LCD_CLK, -
EVENTOUT
64/227 DoclD027590 Rev 4 ‘Yl




Pinouts and pin description STM32F745xx STM32F746xx

Table 10. STM32F745xx and STM32F746xx pin and ball definition (continued)

Pin Number
Pin o
o | ™ © © name | & -3 " "
§ 2|3 §_ = g § & | (function| & | 3 -g Alternate functions Addltl_onal
o < o by < a a < . El 5|2 functions
|98 |9 || |9 arer a
¢ | @ |5 |d|®2|c|c | @] reset)! Q
I = T I O B B
CAN1_RX, FMC_D2,
81 D8 | B3 | 114 | B12 | 142 | 164 | B12 PDO I/1O| FT | - EVENTOUT -
CAN1_TX, FMC_D3,
82 | E8 | C4 |115|C12| 143|165 | C12 PD1 I/O| FT | - EVENTOUT -
TRACED2, TIM3_ETR,
UART5_RX,
83 | B7 | A3 | 116 |D12 | 144 | 166 | D12 PD2 I/IO| FT | - SDMMC1_CMD, -
DCMI_D11, EVENTOUT
SPI2_SCK/I252_CK,
USART2_CTS,
84 | C7 | B4 | 117 | D11 | 145 | 167 | C11 PD3 I/IO| FT | - FMC_CLK, DCMI_D5, -
LCD_G7, EVENTOUT
USART2_RTS,
85 | D7 | B5 | 118 |D10 | 146 | 168 | D11 PD4 IIO| FT | - FMC_NOE, EVENTOUT -
USART2_TX,FMC_NWE,
86 | B6 | A4 | 119 | C11| 147 | 169 | C10 PD5 I/IO| FT | - EVENTOUT -
- - - 120 | D8 (148 | 170 | F8 VSS S - - - -
- - C5 (121 C8 | 149|171 | E9 VDD S - - - -
SPI3_MOSI/I2S3_SD,
SAI_SD A,
87 | C6 F4 | 122 |B11|150| 172 | B11 PD6 I/O| FT | - USART2_RX, -
FMC_NWAIT,DCMI_D10,
LCD_B2, EVENTOUT
USART2_CK,
88 | D6 | A5 | 123 | A11 {151 | 173 | A11 PD7 I/IO| FT | - SPDIFRX_INO, -
FMC_NE1, EVENTOUT
- - -] -1-1-/[14]Bo] P2 [wo|FT|-| LcD_Bo, EVENTOUT i
- - - - - - 175 | B9 PJ13 IIO| FT | - LCD_B1, EVENTOUT -
- - - - - - 176 | C9 PJ14 IIO| FT | - LCD_B2, EVENTOUT -
- - - - - - 177 | D10 PJ15 IIO| FT | - LCD_B3, EVENTOUT -
68/227 DoclD027590 Rev 4 ‘Yl
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Pinouts and pin description
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Table 11. FMC pin definition (continued)

Pin name NOR/PSRAM/SR NOR/PSRAM NAND16 SDRAM
AM Mux
PF6 - - - -
PF7 - - - -
PF8 - - - -
PF9 - - - -
PF10 - - - -
PG6 - - - -
PG7 - - INT -
PEO NBLO NBLO - NBLO
PE1 NBL1 NBL1 - NBL1
Pl4 NBL2 - - NBL2
P15 NBL3 - - NBL3
PG8 - - - SDCLK
PCO - - - SDNWE
PF11 - - - SDNRAS
PG15 - - - SDNCAS
PH2 - - - SDCKEQ
PH3 - - - SDNEO
PH6 - - - SDNE1
PH7 - - - SDCKE1
PH5 - - - SDNWE
PC2 - - - SDNEO
PC3 - - - SDCKEQ
PB5 - - - SDCKE1
PB6 - - - SDNE1
DocID027590 Rev 4 751227
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Table 12. STM32F745xx and STM32F746xx alternate function mapping (continued)

AFO | AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 | AF12 | AF13 | AF14 | AF15
SAI2/US
Port - sPi2/31u | SO2IVS | cANt/2T | sAIziQu EMCISD
12C1/2/3/ | SPM/2/3/| SPI3/ | SART1/2/ IM12/13/ | ADSPI/O | ETH/
SYS | TIM1Z | TIM3/4S | 1LPTIM | “aicec | aisie | sal | 3uARTs/ | RI4STI8 | 14:quAD | TG2_HS/ |oTG1_Fs | YUCNO | DCMI 1 LCD | SYS
sPoIFRX | 'SPRIFR | spyLcp | oTG1_Fs =
ETH_MII_
b4 ) ) ) ) ) 12S1_M ) _|sPDiFRX| ) RXDO/ET |FMC_SD| ) EVEN
CK N2 H RMIL | NEO TOUT
RXDO
ETH_MII_
oGS ) ) ) ) ) ) ) _|sPoDiFRX| ) RXD1ET |FMC_SD | ) EVEN
N3 H_RMIL_ | CKEO TOUT
RXD1
oC6 ] ] TIM3_C | TIM8_CH ] 1252 M ] ] USART6 ] ] ] SDMMC | DCMI_D | LCD_HS | EVEN
H1 1 CK TX 1.D6 0 YNC | TOUT
TM3 C | TiMs_ 12S3 M USART6 SDMMC | DCMI_D EVEN
PCT - - H2 CH2 - - CcK - “RX - - - 1.D7 1 LCD_G6 | rout
pcg | TRACE | TM3 C | TiM8_ ] ] ] UART5_ | USART6 ] ] ] SDMMC [DCMID | EVEN
D1 H3 CH3 RTS “CK 1.D0 2 TOUT
pco | Mcoz . | Tm3c| mme_ |i2casp|msck| . |uaRts_ | | FURDSEL _ |sommc |pemiD| | EVEN
H4 CH4 A N CcTS _BK1_ 1.D1 3 TOUT
Port C 0 -
ecio | ) ) ) ) o 1505550 | usarTs | uarTa_T | 3RRDSE ) ) SDMMC | DCMID | | ) g | EVEN
— | TX x | -BKL 1.D2 8 R2 | tout
CK - 1 -
PG ) ) ) ) ) .| sPis_wi | usarT3 | uaRTa_ | FUADSE ) ) SDMMC |DCMID | EVEN
) “RX rx | B2 1.D3 4 TOUT
SPI3_M
porp | TRACE | ) ) ) | SER | usaRTs |uARTS T| ) ) SDMMC |DCMID | EVEN
D3 e “CK X 1.CK 9 TOUT
EVEN
pci3 | - ; ; ; ; ; ; ; ; ; ; ; ; ; - | 5N
EVEN
pci4 | - ; ; ; ; ; ; ; ; ; ; ; ; ; S
EVEN
pcis | - ; ; ; ; ; ; ; ; ; ; ; ; ; S

XX9¥L4ZENLS XXGPL4ZEINLS
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Table 12. STM32F745xx and STM32F746xx alternate function mapping (continued)

AFO | AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 | AF12 | AF13 | AF14 | AF15
SAI2/US
Port TIM8/9/10/ SPI2/31U | ppTeiuA | CANT/2ZIT | SAI2/QU FMC/SD
12C1/2/3/ | SPM/2/31| SPI3/ | SARTA/2/ IM12/13/ | ADSPIUO | ETH/
SYS | TIM1Z | TIM3/4S | 1LPTIM | “aicec | aisie | sal | 3uARTs/ | RI4STI8 | 14:quAD | TG2_HS/ |oTG1_Fs | YUCNO | DCMI 1 LCD | SYS
sPDIFRX | 'SPOIFR | spyicp | oTG1_Fs a
12C4_SM EVEN
PF13 | - ; ; ; o ; ; ; ; ; ; ; FMC A7 | - - | SUEN
12C4_SC EVEN
PortF | PF14 | - ; ; ; 5 ; ; ; ; ; ; ; FMC A8 | - A
12C4_SD EVEN
PF15 | - ; ; ; h ; ; ; ; ; ; ; FMC A9 | - - | EEN
FMC_A1 EVEN
PGO - - - - - - - - - - - - 0 - © | Tout
FMC_A1 EVEN
PG1 - - - - - - - - - - - - 1 - © | Tourt
FMC_Af EVEN
PG2 - - - - - - - - - - - - 2 - © | Tourt
FMC_Af EVEN
PG3 - - - - - - - - - - - - 3 - - | Tout
FMC_A1
PG4 ; ; ; ; ; ; ; ; ; ; ; ; 4/FNMC_ ; ; SuEN
BAO
FMC_Af
PortG | PG5 ; ; ; ; ; ; ; ; ; ; ; ; 5FMC_ | - - | 5N
BA1
DCMI_D EVEN
PG6 ; ; ; ; ; ; ; ; ; ; ; ; ; M0 | Leo_rr | EVEN
o7 ] ] ] ] ] ] ] ] USART6 ] ] ] FMC_IN | DcMI D | LcD_cL | EVEN
“CK T 13 K | TouT
. SPI6_NS SPDIFRX | USART6 ETH_PPS | FMC_SD EVEN
- - - - - S - N2 | _RTS - - ouT | clK - © | Tout
bGo ) ) ) ) ) ) _ |sPoiFrx | usarTe | AUADSE fsa ks | [TMONE pow v | EVEN
IN3 Rx | -BK2 B — | SYNG TOUT
- - 2 NCE
SAI2_SD_ FMC_NE | DCMI_D EVEN
PG10 | - ; ; ; ; ; ; - ; LCD_G3 = ; > WD | e B2 | EYEN

XX9¥L4ZENLS XXGPL4ZEINLS
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Table 12. STM32F745xx and STM32F746xx alternate function mapping (continued)

AFO | AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 | AF12 | AF13 | AF14 | AF15
SAI2/US
Port TIM8/9/10/ SPI2131U | prTejua | CANV2IT| SAR2IQU FMC/SD
12C1/2/3/ | SPM/2/31| SPI3/ | SARTA/2/ IM12/13/ | ADSPIUO | ETH/
SYS | TIM1Z | TIM3/4S | 1LPTIM | “aicec | aisie | sal | 3uARTs/ | RI4STI8 | 14:quAD | TG2_HS/ |oTG1_Fs | YUCNO | DCMI 1 LCD | SYS
sPDIFRX | 'SPOIFR | spyicp | oTG1_Fs a
EVEN
PKO ; ; ; ; ; ; ; ; ; ; ; ; ; - |rep_es | SN
EVEN
PK1 ; ; ; ; ; ; ; ; ; ; ; - ; - |rep_es | SN
EVEN
PK2 ; ; ; ; ; ; ; ; ; ; ; - ; - | eoer | EYEN
EVEN
PK3 ) ; ; ; ; ; ; ; ; ; ; ; ; - |Lco_ea | EYEN
Port K
EVEN
PK4 ; ; ; ; ; ; ; ; ; ; ; ; ; - |coes | EYEN
EVEN
PK5 ; ; ; ; ; ; ; - ; - ; - ; - |coes | SN
EVEN
PK6 - - - - - - - - - - - - - - LCD_B7 TOUT
EVEN
PK7 ; ; ; ; ; ; ; - ; - ; - ; - |reope | SN

uonduosap uid pue sjnould
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Table 13. STM32F745xx and STM32F746xx register boundary addresses (continued)

Bus Boundary address Peripheral
0x4001 6C00- 0x4001 FFFF Reserved
0x4001 6800 - 0x4001 6BFF LCD-TFT
0x4001 6000 - 0x4001 67FF Reserved
0x4001 5C00 - 0x4001 5FFF SAI2
0x4001 5800 - 0x4001 5BFF SAl1
0x4001 5400 - 0x4001 57FF SPI6
0x4001 5000 - 0x4001 53FF SPI5
0x4001 4C00 - 0x4001 4FFF Reserved
0x4001 4800 - 0x4001 4BFF TIM11
0x4001 4400 - 0x4001 47FF TIM10
0x4001 4000 - 0x4001 43FF TIM9
0x4001 3C00 - 0x4001 3FFF EXTI

APB2 0x4001 3800 - 0x4001 3BFF SYSCFG
0x4001 3400 - 0x4001 37FF SPI14
0x4001 3000 - 0x4001 33FF SPI11/12S1
0x4001 2C00 - 0x4001 2FFF SDMMC
0x4001 2400 - 0x4001 2BFF Reserved
0x4001 2000 - 0x4001 23FF ADC1 - ADC2 - ADC3
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 O3FF TIM1
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Table 26. Typical and maximum current consumption in Run mode, code with data processing
running from Flash memory or SRAM on AXI (L1-cache disabled), regulator ON

Max(V)
Symbol | Parameter Conditions fHeLk (MHz) Typ Unit
TA= 25 °C | TA=85 °C | TA=105 °C
216 181 210 233 -
200 168 194 216 234
180 153 176 192 206
All peripherals
enabled®®) 168 136 157 172 184
144 109 125 137 148
SuppY 25 26 30 41 52
Ipp current in oA
RUN mode 216 105 121 145 -
200 98 112 134 153
180 90 103 119 132
All peripherals
disabled® 168 81 93 107 120
25 17 20 31 42

Guaranteed by characterization results.

2. When analog peripheral blocks such as ADCs, DACs, HSE, LSE, HSI, or LS| are ON, an additional power consumption
should be considered.

3. When the ADC is ON (ADON bit set in the ADC_CR2 register), add an additional power consumption of 1.73 mA per ADC
for the analog part.

3
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Table 29. Typical and maximum current consumption in Sleep mode, regulator ON

Max(1)
Symbol | Parameter | Conditions | fc k (MHz) Typ Unit
To=25°C| Ty =85°C|T,=105°C
216 116 1370 1590) -
200 108 127 147 166
Al 180 95 112(3) 1260) 1400)
peripherals 168 85 99 112 125
enabled® 144 65 76 87 98
60 30 35 46 57
Supply 25 15 18 29 39
oo sf;‘;f,?};ﬁe 216 35 460 710) - A
200 32 43 66 86
Al 180 28 3803 530) 700)
peripherals 168 25 33 47 61
disabled 144 20 26 37 50
60 10 14 26 36
25 5 8 20 31

1. Guaranteed by characterization results.

2. When analog peripheral blocks such as ADCs, DACs, HSE, LSE, HSI, or LS| are ON, an additional power consumption
should be considered.

3. Guaranteed by test in production.

Table 30. Typical and maximum current consumption in Sleep mode, regulator OFF

Max(V
Typ Unit
i, fHcLk
Symbol | Parameter | Conditions (MHz) TA=25°C TA= 85 °C TA=105°C
IDD12 | IDD |IDD12| IDD (IDD12| IDD |(IDD12 | IDD
180 94 1 110 2 125 2 138 2
Al 168 83 1 96 2 111 2 123 2
Peripherals | 144 64 1 74 2 85 2 96 2
Suppl Enabled(®
upply 60 29 1 34 2 44 2 55 2
current in
IDD12/ | RUN mode 25 14 1 16 2 27 2 37 2 A
m
IDD from V12 180 | 27 1 36 2 51 2 68 2
and VDD
supply Al 168 | 24 | 1 | 31 | 2 | 45 | 2 | 59 | 2
Peripherals | 144 18 1 24 2 35 2 48 2
Disabled 60 9 1| 12| 2 [ 24 | 2 34 2
25 4 1 6 2 18 2 29 2

1. Guaranteed by characterization results.
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Electrical characteristics

5.3.10

3

Internal clock source characteristics

The parameters given in Table 41 and Table 42 are derived from tests performed under
ambient temperature and Vpp supply voltage conditions summarized in Table 17.

High-speed internal (HSI) RC oscillator

Table 41. HSI oscillator characteristics (1

Symbol Parameter Conditions Min | Typ | Max | Unit
fusi Frequency - - 16 - MHz
HSI user trimming step(@) - - - 1 %
To=—-40t0105°CO®| -8 - 45 | %
ACChg
Accuracy of the HSI oscillator To=-10t085°C® | -4 - 4 %
Tp=25°C*) -1 - 1 %
tsu(HS|)(2) HSI oscillator startup time - - 22 4 us
IDD(HS|)(2) HSI oscillator power consumption - - 60 80 MA
1. Vpp=3.3V, Tp =-40to 105 °C unless otherwise specified.
2. Guaranteed by design.
3. Guaranteed by characterization results.
4. Factory calibrated, parts not soldered.

Figure 34. HSI deviation versus temperature
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1. Guaranteed by characterization results.
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Table 45. PLLISAI characteristics (continued)
Symbol Parameter Conditions Min Typ Max Unit

Cycle to cycle at RMS - 90 .

12.288 MHz on peak
48KHz period, to
N=432, R=5 peak

- 1280 - ps

Master SAI clock jitter
Average frequency of

12.288 MHz
N=432,R=5
on 1000 samples

Jitter®)

. Cycle to cycle at 48 KHz
FS clock jitt - 400 -
clock Jiter on 1000 samples ps

(4) | PLLSAI power consumption on [ VCO freq = 100 MHz 0.15 0.40
IpD(PLLSAI)
Vbp VCO freq = 432 MHz 0.45 0.75

| (4) | PLLSAI power consumption on | VCO freq = 100 MHz 0.30 0.40
DDAPLLSAN 1 Vippa VCO freq = 432 MHz 0.55 0.85

1. Take care of using the appropriate division factor M to have the specified PLL input clock values.
2. Guaranteed by design.

3. Value given with main PLL running.

4

Guaranteed by characterization results.

5.3.12 PLL spread spectrum clock generation (SSCG) characteristics

The spread spectrum clock generation (SSCG) feature allows to reduce electromagnetic
interferences (see Table 52: EMI characteristics). It is available only on the main PLL.

Table 46. SSCG parameters constraint

Symbol Parameter Min Typ Max(1) Unit

fMod Modulation frequency - - 10 KHz
md Peak modulation depth 0.25 - 2 %
MODEPER * INCSTEP - - - 215 -1 -

1. Guaranteed by design.

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

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

foLL v and fyoq must 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

3
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Table 56. 1/0 static characteristics (continued)

Symbol Parameter Conditions Min Typ Max Unit
i 0.45Vpp+0.3M
FT, TTa and NRS'(I'S)I/O input 1.7 VeVpp<3.6 V DD i i
high level voltage 0-7VDD(2)
Viu 1.75V<Vpp<3.6 V, — vV
BOOT I/O input high level 40 °C<Tp <105 °C ]
voltage 0.17Vpp+0.7M | - -
9 1.7 VVpp<3.6 V,
0 °C<Tp <105 °C
FT, TTa and NRST /O input o 3) i i
hyStereSiS 1.7 VSVDDS3.6 \Y 10 A)VDD
1.75V<Vpp<3.6 V, —
Vhys 40 °C<T, <105 °C v
BOOT I/O input hysteresis 0.1 - -
1.7 VVpp<3.6 V,
0 °C<Tp <105 °C
/0 input leakage current ) Vss <Vin<Vpp - - 1
likg | 1/O FT input leakage current HA
G g Vin=5V ] . 3
All pins
except for
PA10/PB12
(OTG_FS_ID 30 40 50
Weak pull-up | OTG_HS_ID
Rpy |equivalent ) Vin=Vss
resistor(6)
PA10/PB12
(OTG_FS_ID
JOTG_HS_ID ! 10 14
)
kQ
All pins
except for
PA10/PB12
30 40 50
Weak pull- (OTG_FS_ID
down ,OTG_HS_ID
Rep equivalent ) Vin=VoD
resistor(” PA10/PB12
(OTG_FS_ID
JOTG_HS_ID ! 10 14
)
C|o(8) I/0 pin capacitance - - 5 - pF

Guaranteed by design.
Tested in production.
With @ minimum of 200 mV.

Leakage could be higher than the maximum value, if negative current is injected on adjacent pins, Refer to Table 55: I/0
current injection susceptibility

N~

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 55: 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).

‘Yl DoclD027590 Rev 4 139/227




Electrical characteristics

STM32F745xx STM32F746xx

Table 71. internal reference voltage (continued)

Symbol Parameter Conditions Min | Typ | Max Unit
TCoeﬁ(z) Temperature coefficient - - 30 50 |ppm/°C
tSTART(Z) Startup time - - 6 10 us

Guaranteed by design.

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

Table 72. Internal reference voltage calibration values

Symbol Parameter Memory address
VRerIN_caL | Raw data acquired at temperature of 30 °C Vppp = 3.3V O0x1FFO F44A - Ox1FFO F44B
5.3.25 DAC electrical characteristics
Table 73. DAC characteristics
Symbol Parameter Min | Typ Max | Unit Comments
Vppa |Analog supply voltage 1.7() - 3.6 \Y -
Vrer+ |Reference supply voltage 1.7() - 3.6 V' |Vrer+ YVppa
Vgsp  |Ground 0 - 0 \Y -
Rioap® |Resistive load with buffer ON| 5 - - kQ -
Impedance outout with buffer When the buffer is OFF, the Minimum
Ro® | Opm P - - 15 | kQ |resistive load between DAC_OUT and
Vgs to have a 1% accuracy is 1.5 MQ
@ . ) ) Maximum capacitive load at DAC_OUT
Croap™ |Capacitive load 50 pF pin (when the buffer is ON).
DAC_OUT |Lower DAC_OUT voltage It gives the maximum output excursion of
—2) - S 0.2 - - V' |the DAC.
min with buffer ON
It corresponds to 12-bit input code
DAC_OUT |Higher DAC_OUT voltage Vopa - (0xOE0) to (OxF1C) at Ve, = 3.6 V and
max@  |with buffer ON - - 02 V' |(0x1C7) to (OXE38) at Vrgr+ = 1.7V
DAC_OUT |Lower DAC_OUT voltage
in@ | with buffer OFF S R R L P i i
min with butrer It gives the maximum output excursion of
DAC_OUT |Higher DAC_OUT voltage ) | VRere-| the DAC.
max(®)  |with buffer OFF 1LSB
With no load, worst code (0x800) at
- 170 240 VRer+ = 3.6 Vin terms of DC
DAC DC Vggr current consumption on the inputs
IVRE,:+(4) consumption in quiescent MA
mode (Standby mode) With no load, worst code (0xF1C) at
- 50 75 VRer+ = 3.6 V in terms of DC
consumption on the inputs
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Figure 64. Synchronous non-multiplexed NOR/PSRAM read timings
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Table 98. Synchronous non-multiplexed NOR/PSRAM read timings'")

Symbol Parameter Min Max Unit
twicLk) FMC_CLK period 2Theok—1 -
tcikinexy) | FMC_CLK low to FMC_NEx low (x=0..2) - 25
ty(cLkH-NExH) | FMC_CLK high to FMC_NEXx high (x=0...2) ThoLkt0.5 -
ty(cLkL-NADVL) | FMC_CLK low to FMC_NADV low - 0
ty(cLKL-NADVH) | FMC_CLK low to FMC_NADV high 0 -
tycLk-av) | FMC_CLK low to FMC_Ax valid (x=16...25) - 25
tycLkH-alvy | FMC_CLK high to FMC_Ax invalid (x=16...25) Thelk - ns
tacLkNoeL) | FMC_CLK low to FMC_NOE low - 2
ty(cLkH-NoEH) | FMC_CLK high to FMC_NOE high TheLkt0.5 -
tsupvckr) | FMC_D[15:0] valid data before FMC_CLK high 1.5 -
thcLkr-ovy | FMC_D[15:0] valid data after FMC_CLK high 1 -
tnwaiT-cLkH) | FMC_NWAIT valid before FMC_CLK high 2 -
th(cLkH-NwAIT) | FMC_NWAIT valid after FMC_CLK high 35 -
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Table 105. LPSDR SDRAM write timings(")

Symbol Parameter Min Max Unit
tw(sbcLk) FMC_SDCLK period 2ThoLk-0.5 2TheLkt0.5
tySDCLKL Data) Data output valid time - 4
th(SDCLKL _Data) Data output hold time 0 .
ta(SDCLKL_Add) Address valid time - 35
td(SDCLKL-SDNWE) SDNWE valid time - 05
th(SDCLKL-SDNWE) SDNWE hold time 0 - N
td(SDCLKL- SDNE) Chip select valid time - 05
th(SDCLKL- SDNE) Chip select hold time 0 .
t4(SDCLKL-SDNRAS) SDNRAS valid time - 0.5
th(SDCLKL-SDNRAS) SDNRAS hold time 0 -
t4(SDCLKL-SDNCAS) SDNCAS valid time - 0.5
t4(SDCLKL-SDNCAS) SDNCAS hold time 0 -

1. Guaranteed by characterization results.

Quad-SPI interface characteristics

Unless otherwise specified, the parameters given in Table 106 and Table 107 for Quad-SPI
are derived from tests performed under the ambient temperature, fapg frequency and Vpp
supply voltage conditions summarized in Table 17: General operating conditions, with the
following configuration:

e  Output speed is set to OSPEEDRYy[1:0] = 11

e Capacitive load C = 20 pF

¢  Measurement points are done at CMOS levels: 0.5 x Vpp

Refer to Section 5.3.17: 1/O port characteristics for more details on the input/output alternate
function characteristics.

Table 106. Quad-SPI characteristics in SDR mode("

Symbol Parameter Conditions Min Typ Max Unit
2.7 V<Vpp<3.6 V
CL-2D([)) pF i i 108
Fok1/(CK) Quad-SPI clock MHz
frequency 1.71 V<Vpp<3.6 V 100
CL=15 pF i i
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6.9 Thermal characteristics

The maximum chip-junction temperature, T ; max, in degrees Celsius, may be calculated
using the following equation:

Ty max = Ty max + (Pp max x ©y,)

Where:

e T, maxis the maximum ambient temperature in °C,

e Oy, is the package junction-to-ambient thermal resistance, in ° C/W,

e  Pp max is the sum of P\t max and Pj,o max (Pp max = Pyt max + P;,gmax),

e  Pny7 maxis the product of Ipp and Vpp, expressed in Watts. This is the maximum chip
internal power.

P;,o max represents the maximum power dissipation on output pins where:

Pjo max =X (VoL * o) + Z((Vpp = Vor) * lon),
taking into account the actual Vg / I and Vgy / Ioy of the 1/Os at low and high level in the
application.

Table 124. Package thermal characteristics

Symbol Parameter Value Unit

Thermal resistance junction-ambient

LQFP100 - 14 x 14 mm / 0.5 mm pitch 43
Thermal resistance junction-ambient 57
TFBGA100 - 8 x 8 mm / 0.8 mm pitch

Thermal resistance junction-ambient 31.2
WLCSP143 '

Thermal resistance junction-ambient 40

LQFP144 - 20 x 20 mm / 0.5 mm pitch
A °CIW
Thermal resistance junction-ambient

LQFP176 - 24 x 24 mm / 0.5 mm pitch 38
Thermal resistance junction-ambient 19
LQFP208 - 28 x 28 mm / 0.5 mm pitch

Thermal resistance junction-ambient 39
UFBGA176 - 10 x 10 mm / 0.5 mm pitch

Thermal resistance junction-ambient 29

TFBGA216 - 13 x 13 mm / 0.8 mm pitch

Reference document

JESDS51-2 Integrated Circuits Thermal Test Method Environment Conditions - Natural
Convection (Still Air). Available from www.jedec.org.
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