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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
114

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

144-LQFP

144-LQFP (20x20)

https://www.e-xfl.com/product-detail/stmicroelectronics/stm32f746zgt6e

Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong



https://www.e-xfl.com/product/pdf/stm32f746zgt6e-4441154
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers

STM32F745xx STM32F746xx Functional overview

2.18.2

3

consumption. The over-drive mode allows operating at a higher frequency than
the normal mode for a given voltage scaling.

— In Stop modes
The MR can be configured in two ways during Stop mode:
MR operates in normal mode (default mode of MR in Stop mode)
MR operates in under-drive mode (reduced leakage mode).
e LPRis used in the Stop modes:
The LP regulator mode is configured by software when entering Stop mode.
Like the MR mode, the LPR can be configured in two ways during Stop mode:
—  LPR operates in normal mode (default mode when LPR is ON)
— LPR operates in under-drive mode (reduced leakage mode).
e Power-down is used in Standby mode.

The Power-down mode is activated only when entering in Standby mode. The regulator
output is in high impedance and the kernel circuitry is powered down, inducing zero
consumption. The contents of the registers and SRAM are lost.

Refer to Table 3 for a summary of voltage regulator modes versus device operating modes.
Two external ceramic capacitors should be connected on Vcap 1 and Veap  pin.

All packages have the regulator ON feature.

Table 3. Voltage regulator configuration mode versus device operating mode(")

Voltagt_e regu_lator Run mode Sleep mode Stop mode Standby mode
configuration
Normal mode MR MR MR or LPR -
O;iz‘;['z‘ge MR MR - -
Under-drive mode - - MR or LPR -
Power-down mode - - - Yes
1. ‘- means that the corresponding configuration is not available.

2. The over-drive mode is not available when Vpp = 1.7 to 2.1 V.

Regulator OFF

This feature is available only on packages featuring the BYPASS_REG pin. The regulator is
disabled by holding BYPASS_REG high. The regulator OFF mode allows to supply
externally a V4, voltage source through Vcap 1 and Veap 5 pins.

Since the internal voltage scaling is not managed internally, the external voltage value must
be aligned with the targeted maximum frequency.The two 2.2 yF ceramic capacitors should
be replaced by two 100 nF decoupling capacitors.

When the regulator is OFF, there is no more internal monitoring on V45. An external power
supply supervisor should be used to monitor the V4, of the logic power domain. PAO pin
should be used for this purpose, and act as power-on reset on V5, power domain.
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Pinouts and pin description

STM32F745xx STM32F746xx

Figure 16. STM32F74xBx LQFP208 pinout
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The above figure shows the package top view.
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Pinouts and pin description

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

Pin Number
Pin o
o | @ © © name | & -3 »
< -— iti
‘8_ 2|3 3 = g § & | (function| & | 3 -g Alternate functions Addltl_onal
b - S "N - - S - I I ¢ £l 3|2 functions
|98 | |9 |z |w |9 after | £
¢ | @ |5 |d|®2|c|c | @] reset)! o
| = ; | S | - o
TIM1_CH1N, TIM3_CH2,
TIM8_CH1N,
SPI1_MOSI/1281_SD,
) TIM14_CH1,
31 | K3 | L8 |43 | R3 |53 |5 |R3| PA7 |I/O|FT ETH_MIL_RX_DV/ETH R ADC12_IN7
MIl_CRS_DV,
FMC_SDNWE,
EVENTOUT
12S1_MCK,
SPDIFRX_IN2,
32| G4 | M8 | 44 | N5 | 54 | 57 | N5 | PC4 |1/O|FT|™|ETH_MIl_RXDO/ETH_RM | ADC12_IN14
Il_RXDO, FMC_SDNED,
EVENTOUT
SPDIFRX_IN3,
(4)| ETH_MI_RXD1/ETH_RM
33| H4 | N9 | 45 | P5 |55 |58 | P5| PC5 |I/O|FT lI_RXD1_FMC._SDCKEQ. ADC12_IN15
EVENTOUT
- - |yt | -] -1]-|5]|L7| VDD - - - -
-l - - 1=-1-1]-1]60]L6| VSS - - - -
TIM1_CH2N, TIM3_CHS3,
TIM8_CH2N,
)| UART4_CTS, LCD_R3,
34| J4 |N8 |46 |R5 |56 |61 |R5| PBO |I/O|FT OTG.HS_ULPI D1, ADC12_IN8
ETH_MII_RXD2,
EVENTOUT
TIM1_CH3N, TIM3_CH4,
TIM8_CH3N, LCD_RS,
35| K4 | K7 | 47 | R4 | 57 | 62 | R4 PB1 |I/O|FT|®| OTG_HS ULPI_D2, ADC12_IN9
ETH_MII_RXD3,
EVENTOUT
SAI1_SD_A,
SPI3_MOSI/12S3_SD,
36 | G5 | L7 | 48 |M6 | 58 | 63 | M5 | PB2 |I/O|FT]| - QUADSPI OLK, -
EVENTOUT
-] - - | -1 -1]-1|64|G4a| PM5 |IIO|FT|-| LCD_RO, EVENTOUT -
-] - - | -1 -1]-1]165|R6 PJO |I/O|FT|-| LCD_R1, EVENTOUT -
-] - - -1 -1-1]66|R7 PJ1  |I/O|FT| - | LCD_R2 EVENTOUT -
‘Yl DoclD027590 Rev 4 59/227




Pinouts and pin description STM32F745xx STM32F746xx

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

Pin Number
Pin g
o | @ © © | name | 8| 3| o
< e iti
§ 2|3 3 = g § & | (function| & | 3 -g Alternate functions Addltl_onal
b - S "N - - S - I I ¢ £l 3|2 functions
|98 |9 || |9 after a
¢ | @ |5 |d|®2|c|c | @] reset)! Q
I = T I O B B
TIM1_CH3,USART1_RX,
69 | D10 | D5 | 102 | D15|121 | 144 | D15 PA10 I/O|FT | - | OTG_FS_ID, DCMI_D1, -
EVENTOUT
TIM1_CH4,
USART1_CTS,
70 |C10 | D4 | 103 |C15| 122|145 | C15 PA11 I/O| FT | - CAN1_RX,0TG_FS_DM, -
LCD_R4, EVENTOUT
TIM1_ETR,
USART1_RTS,
71 |B10 | E1 | 104 |B15| 123 | 146 | B15 PA12 I/O| FT | - | SAI2_FS_B, CAN1_TX, -
OTG_FS_DP, LCD_R5,
EVENTOUT
PA13(JT
72 | A10 | D3 | 105 | A15| 124 | 147 | A15 MS- /O | FT | - JE:A/E;\IST%?J[I'O, -
SWDIO)
73 | E7 | D1 |106 | F13 125|148 |E11 | VCAP_ 2 | S | - | - - -
74 | E5 | D2 | 107 | F12 {126 | 149 | F10 VSS S| - |- - -
75| F5 | C1 | 108 |G13| 127|150 | F11 VDD S| - |- - -
TIM8_CH1N, CAN1_TX,
- - - - |E121128 | 151 | E12 PH13 /O | FT | - FMC_D21, LCD_G2, -
EVENTOUT
TIM8_CH2N, FMC_D22,
- - - - |E13]1129| 152 | E13 PH14 I/O| FT | - DCMI_D4, LCD_G3, -
EVENTOUT
TIM8_CH3N, FMC_D23,
- - - - |D13|130| 153 | D13 PH15 |I/O| FT | - DCMI_D11, LCD_G4, -
EVENTOUT
TIM5_CH4,
SPI2_NSS/I2S2_WS,
- - - - |E14 1131|154 | E14 P10 I/O| FT | - FMC_D24, DCMI_D13, -
LCD_G5, EVENTOUT
TIM8_BKIN2,
SPI2_SCK/I2S2_CK,
- - - - |D14|132 | 155 | D14 PI1 /O | FT | - FMC_D25, DCMI_D8, -
LCD_G6, EVENTOUT
66/227 DoclD027590 Rev 4 Kys
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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/ | SP1/2/31| SPI3/ | SART1/2/ IM12/13/ | ADSPIO | 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 -
TIM4_C UARTS_ EVEN
PD14 1 - - H3 - - - - - CcTs - - - |FMCDO) - © | Tout
Port D
TIM4_C UARTS_ EVEN
PD1S | - - H4 - - - - - RTS - - - FMC_D1 - - TOUT
bEo ] ~ |TmaET|tPTMiE| ] ] ] UARTS_ ] SAI2_MC ~ |emcNB|DeMD| | EvEN
R TR Rx KA Lo 2 TOUT
oEA ] ] I ] ] ] ~ |uarTsT| ] ~ |FmcNB|DCMID| | EVEN
N2 x L7 3 TOUT
oEy | TRACE | ) ) _ |spu_sc| sai_m ) o | oRRESEl ETH M| FMC A2 | | Bven
CLK K CLK_A BRI TXD3 3 TOUT
pgs | TRACE | ] ] ] ~ |sasp| ] ] ] ] FMC_A1 | | Even
DO B 9 TOUT
TRACE SPI4_NS | SAI1_FS FMC_A2 | DCMI_D EVEN
PE4 | b1 - - - - 5 A - - - - - 0 4 | CDBO 1ouT
TRACE TIM9_CH SPI4_MI | SAI1_SC FMC_A2 | DCMI_D EVEN
PES | b2 - - 1 - ) KA - - - - - 1 6 | PO tout
pgg | TRACE | TM1B [ | TiMg_CH ] SPI4_M |SAl1_SD| ] ] SAI2_MC ] FMC_A2 | DCMID | |y o1 | EVEN
D3 KINZ 2 osi A KB 2 7 -G1| Tout
Port E
TIM1_ET UART7_ QUADSPI EVEN
PE7 - R - - - - - - Rx - | _BK2_I00 - FMC D4 - - TOUT
TIM1_C UART7_T QUADSPI EVEN
PE8 - HIN - - - - - - X © | _BK2_I01 - FMCDS| - - TOUT
TIM1_C UART7_ | auapspi ] ] | Even
PE9 - H1 - - - - - - RTS _BK2_102 FMC_D6 TOUT
TIM1_C UART7_ QUADSPI EVEN
PE1O | - H2N - - - - - - CcTs © | Bkeioz| - |FMCDTI - © | Tout
TIM1_C SPI4_NS SAI2_SD_ EVEN
PETT | - W ; ; ; 5 ; ; ; ; 5 - |Fmcos| - |icpes|EYEN
TIM1_C SPI4_SC SAI2_SC EVEN
PE12 | - N ; ; ; y ; ; ; ; B - |Fmcooe| - |icoa|EYEN
TIM1_C SPI4_MI SAI2_FS_ FMC_D1 EVEN
I H3 - - - SO - - - - B - 0 - | LCDDE | 1oyt

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
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Electrical characteristics STM32F745xx STM32F746xx

5.3 Operating conditions

5.3.1 General operating conditions

Table 17. General operating conditions

Symbol Parameter Conditions(") Min | Typ | Max | Unit
Power Scale 3 (VOS[1:0] bits in
PWR_CR register = 0x01), Regulator 0 - 144
ON, over-drive OFF
Over-
drive - 168
Power Scale 2 (VOS[1:0] bits in | oFf
PWR_CR register = 0x10), 0
Regulator ON Over-
fucLk | Internal AHB clock frequency drive - 180
ON
Over-
drive - | 180 |MHZ
Power Scale 1 (VOS[1:0] bits in | oFf
PWR_CR register= 0x11), 0
Regulator ON Over-
drive - | 216®@
ON
; ; Over-drive OFF 0 - 45
Internal APB1 clock frequenc
Pt Y [over-drive ON 0 | - | 54
; | | APB2 clock f Over-drive OFF 0 - 90
nterna clock frequency
pebie Over-drive ON o | - | 108
Vop Standard operating voltage - 1.70) ] - 3.6
Anal ti It
na oq opera ing voltage 17®] - 24
Vina@ | (ADC limited to 1.2 M samples) . 6
DR Must be the same potential as Vpp'®)
Analog operating voltage 24 36
(ADC limited to 2.4 M samples) ' \Y
USB supply voltage (supply USB not used 1.7 | 3.3 3.6
Vppuss | voltage for PA11,PA12, PB14
and PB15 pins) USB used 3.0 - 3.6
Vgar | Backup operating voltage - 1.65 - 3.6
98/227 DoclD027590 Rev 4 Kys




Electrical characteristics STM32F745xx STM32F746xx

Typical and maximum current consumption

The MCU is placed under the following conditions:
e Alll/O pins are in input mode with a static value at Vpp or Vgg (no load).
e All peripherals are disabled except if it is explicitly mentioned.

e  The Flash memory access time is adjusted both to fyc k frequency and Vpp range
(see Table 18: Limitations depending on the operating power supply range).

e  When the regulator is ON, the voltage scaling and over-drive mode are adjusted to
fucLk frequency as follows:

—  Scale 3 for fyc k < 144 MHz
—  Scale 2 for 144 MHz < fyg x £168 MHz
— Scale 1 for 168 MHz < fyc k £216 MHz. The over-drive is only ON at 216 MHz.

e  When the regulator is OFF, the V12 is provided externally as described in Table 17:
General operating conditions:

o The System clock is HCLK, fPCLK1 = fHCLK/4’ and fPCLKQ = fHCLK/Z'
e  External clock frequency is 25 MHz and PLL is ON when fy¢ g is higher than 25 MHz.

e  The typical current consumption values are obtained for 1.7 V < Vpp < 3.6 V voltage
range and for Tp= 25 °C unless otherwise specified.

e  The maximum values are obtained for 1.7 V < Vpp < 3.6 V voltage range and a
maximum ambient temperature (T,) unless otherwise specified.

e  Forthe voltage range 1.7 V < Vpp < 3.6 V, the maximum frequency is 180 MHz.

Table 24. Typical and maximum current consumption in Run mode, code with data processing
running from ITCM RAM, regulator ON

Max(1)
Symbol | Parameter Conditions fheoLk (MH2z) Typ Unit
Tpo=25°C|Tp=85°C|T,=105°C
216 178 208 230¢4) -
200 165 193 212 230
180 147 1714) 185(4) 1984)
A;'n‘;‘f)rlf‘;‘g{(%')s 168 130 152 164 177
144 100 116 127 137
60 44 52 63 73
Supply 25 21 25 36 46
‘o Ffﬂﬁer:toi(;]e 216 102 | 1200 | 141@ ] mA
200 95 111 131 149
180 84 98 112(4) 125(4)
A'ngt‘)?g;gﬁ's 168 75 87 100 112
144 58 67 77 88
60 25 30 41 51
25 12 15 25 36
1. Guaranteed by characterization results.
104/227 DoclD027590 Rev 4 KW




STM32F745xx STM32F746xx

Electrical characteristics

2. When analog peripheral blocks such as ADCs, DACs, HSE, LSE, HSI, or LSI 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.

4. Guaranteed by test in production.

Table 25. Typical and maximum current consumption in Run mode, code with data processing
running from Flash memory (ART ON except prefetch / L1-cache ON)
or SRAM on AXI (L1-cache ON), regulator ON

Max(V)
Symbol | Parameter Conditions fuck (MHz) Typ Unit
Tpo=25°C|Tp=85°C|T,=105°C
216 186 213 234 -
200 172 197 217 235
180 152 175 189 202
All peripherals
enabled®®) 168 135 155 168 180
144 104 119 130 140
60 46 53 64 74
Supply 25 22 25 36 47
Ibp current in A
RUN mode 216 108 124 146 -
200 100 115 135 154
180 89 102 116 129
All peripherals
disabled® 168 79 90 103 15
144 61 69 80 20
25 12 15 26 36

should be considered.

for the analog part.

3

Guaranteed by characterization results.

When analog peripheral blocks such as ADCs, DACs, HSE, LSE, HSI, or LSI are ON, an additional power consumption

DocID027590 Rev 4

When the ADC is ON (ADON bit set in the ADC_CR2 register), add an additional power consumption of 1.73 mA per ADC
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STM32F745xx STM32F746xx Electrical characteristics

Table 32. Typical and maximum current consumptions in Standby mode

Typ(1) Max(z)
To=25°C TaZ | Ta= | Ta=
Symbol | Parameter Conditions A 25°C | 85°C | 105°C | Unit
Vpp =| Vbp= | Vbp = -
1.7V | 24V |33V Vop =33V
Backup SRAM OFF, RTC and 3) 3) (3)
LSE OFF 1.7 1.9 23 5 15 31
Backup SRAM ON, RTC and 3) (3) (3)
LSE OFF 24 2.6 3.0 6 20 40
Backup SRAM OFF, RTC ON
and LSE in low drive mode 21 24 29 6 19 39
Backup SRAM OFF, RTC ON
and LSE in medium low drive | 2.1 2.4 29 6 19 39
mode
Backup SRAM OFF, RTC ON
and LSE in medium high drive | 2.2 2.5 3.0 7 20 40
Supply current |ode
Ipp sTBY |in Standby WA
- mode Backup SRAM OFF, RTC ON
and LSE in high drive mode 23 26 3.1 7 20 42
Backup SRAM ON, RTC ON
and LSE in low drive mode 2.7 3.0 3.6 8 23 49
Backup SRAM ON, RTC ON
and LSE in Medium low drive | 2.7 3.0 3.6 8 23 49
mode
Backup SRAM ON, RTC ON
and LSE in Medium high drive | 2.8 3.1 3.7 8 24 50
mode
Backup SRAM ON, RTC ON
and LSE in High drive mode 29 32 38 8 25 51

1. PDRis OFF for Vpp=1.7V. When the PDR is OFF (internal reset OFF), the typical current consumption is reduced by
additional 1.2 pA.

Guaranteed by characterization results.

Based on characterization, tested in production.

3
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Electrical characteristics STM32F745xx STM32F746xx

Low-speed internal (LSI) RC oscillator

Table 42. LSI oscillator characteristics (1)

Symbol Parameter Min Typ Max Unit
fLg® Frequency 17 32 47 kHz

tsuws)® | LS! oscillator startup time - 15 40 us

IDD(LS|)(3) LS| oscillator power consumption - 0.4 0.6 MA

1. Vpp =3V, Ty =40 to 105 °C unless otherwise specified.
Guaranteed by characterization results.

Guaranteed by design.

Figure 35. LSI deviation versus temperature
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5.3.11 PLL characteristics

The parameters given in Table 43 and Table 44 are derived from tests performed under
temperature and Vpp supply voltage conditions summarized in Table 17.

Table 43. Main PLL characteristics

Symbol Parameter Conditions Min Typ Max Unit
foLL N PLL input clock(!) - 0.95() 1 2.10
fPLL ouT PLL multiplier output clock - 24 - 216
fovLas ouT ff) (I;\I/I(Hz PLL multiplier output ) ) 48 5 | MHZ
fyco_out PLL VCO output - 100 - 432
128/227 DocID027590 Rev 4 "_l




Electrical characteristics

STM32F745xx STM32F746xx

Table 48. Flash memory programming (continued)

Symbol Parameter Conditions Min® | Typ |Max(™ | Unit
Program/erase parallelism ) 21 4
(PSIZE) =x 8 '
. Program/erase parallelism
terasE256KB | Sector (256 KB) erase time (PS?ZE) =x 16 P - 1.5 2.6 s
Program/erase parallelism ) 1 2
(PSIZE) =x 32
Program/erase parallelism ) 8 16
(PSIZE) =x 8
. Program/erase parallelism
tvE Mass erase time (PSIZE) = x 16 - 5.6 11.2 s
Program/erase parallelism ) 4 8
(PSIZE) =x 32
32-bit program operation 2.7 - 3 \%
Vorog Programming voltage 16-bit program operation 2.1 - 3.6 \%
8-bit program operation 1.7 - 3.6 \%
1. Guaranteed by characterization results.
2. The maximum programming time is measured after 100K erase operations.
Table 49. Flash memory programming with Vpp
Symbol Parameter Conditions Min® | Typ | Max(™ | Unit
torog Double word programming - 16 100 us
terasesokp | Sector (32 KB) erase time Ta = 0 to +40 °C - 180 -
terasE128kB | Sector (128 KB) erase time Vpp=3.3V - 450 - ms
terasE256KB | Sector (256 KB) erase time Vep=85V - 900 -
tve Mass erase time - 6.9 - ]
Vorog Programming voltage - 2.7 - 3.6 \%
Vpp Vpp voltage range - 7 - 9 \%
Minimum current sunk on
lpp the Vpp pin ) 10 i i mA
3) Cumulative time during ) ) i
tvpp which Vpp is applied 1| hour

1. Guaranteed by design.

2. The maximum programming time is measured after 100K erase operations.

3. Vpp should only be connected during programming/erasing.
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Table 65. ADC static accuracy at fopc = 36 MHz

Symbol Parameter Test conditions Typ Max(1) Unit
ET Total unadjusted error 4 7
EO |Offset error fapc =36 MHz, +2 +3

VDDA =241t03.6 V,

[ LSB
EG | Gain error Vrer = 171036V *3 +6
ED | Differential linearity error Vppa—VRep< 1.2V 12 +3
EL Integral linearity error +3 16

1. Guaranteed by characterization results.

Table 66. ADC dynamic accuracy at fapc = 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 Vppa = Vrers= 1.7V 64 64.2 -

SNR Signal-to-noise ratio Input Frequency = 20 KHz 64 65 - dB
THD Total harmonic distortion Temperature = 25 °C —67 | -72| -

1. Guaranteed by characterization results.

Table 67. ADC dynamic accuracy at fopc = 36 MHz - limited test conditions()

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 = Vreps = 3.3V 66 67 -

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

1. Guaranteed by characterization results.

Note: ADC accuracy vs. negative injection current: injecting a negative current on any analog

input pins should be avoided as this significantly reduces the accuracy of the conversion
being performed on another analog input. It is recommended to add a Schottky diode (pin to
ground) to analog pins which may potentially inject negative currents.

Any positive injection current within the limits specified for Ijnypiny @and Zlinyeiny in
Section 5.3.17 does not affect the ADC accuracy.

3
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Figure 45. 12-bit buffered /non-buffered DAC
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1. The DAC integrates an output buffer that can be used to reduce the output impedance and to drive external loads directly
without the use of an external operational amplifier. The buffer can be bypassed by configuring the BOFFx bit in the
DAC_CR register.

5.3.26 Communications interfaces

I2C interface characteristics

The I°C interface meets the timings requirements of the 1°C-bus specification and user
manual rev. 03 for:

e Standard-mode (Sm): with a bit rate up to 100 kbit/s

e Fast-mode (Fm): with a bit rate up to 400 kbit/s.

e  Fast-mode Plus (Fm+): with a bit rate up to 1Mbit/s.

The I°C timings requirements are guaranteed by design when the 12C peripheral is properly

configured (refer to RM0385 reference manual) and when the 12CCLK frequency is greater
than the minimum shown in the table below:

Table 74. Minimum I2CCLK frequency in all 12C modes

Symbol Parameter Condition Min Unit
Standard-mode 2
Analog Filtre ON 10
DNF=0
Fast-mode
12CCLK Analog Filtre OFF 9
f(I2CCLK) frequency DNF=1 MHz
Analog Filtre ON
DNF=0 225
Fast-mode Plus
Analog Filtre OFF 16
DNF=1

The SDA and SCL 1I/O requirements are met with the following restrictions: the SDA and
SCL I/O pins 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.

3
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5.3.27

3

FMC characteristics

Unless otherwise specified, the parameters given in Table 88 to Table 101 for the FMC
interface are derived from tests performed under the ambient temperature, fyc|  frequency
and Vpp supply voltage conditions summarized in Table 17, with the following configuration:

e  Output speed is set to OSPEEDRy[1:0] = 11
e  Measurement points are done at CMOS levels: 0.5Vpp

Refer to Section 5.3.17: I/0O port characteristics for more details on the input/output
characteristics.

Asynchronous waveforms and timings

Figure 58 through Figure 61 represent asynchronous waveforms and Table 88 through
Table 95 provide the corresponding timings. The results shown in these tables are obtained
with the following FMC configuration:

e  AddressSetupTime = 0x1

e  AddressHoldTime = 0x1

e DataSetupTime = 0x1 (except for asynchronous NWAIT mode , DataSetupTime = 0x5)
e  BusTurnAroundDuration = 0x0

e  Capcitive load CL = 30 pF

In all timing tables, the Ty is the HCLK clock period
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1. Guaranteed by characterization results.

Table 95. Asynchronous multiplexed PSRAM/NOR write-NWAIT timings(")

Symbol Parameter Min Max Unit
tW(NE) FMC_NE low time 9THeLK 9THek*1-5
tW(NWE) FMC_NWE low time 7THCLK_O'5 7THCLK+O'5 ns
tSU(NWAlT_NE) FMC_NWA|T valid before FMC_NEX hlgh 6THCLK+2 -
FMC_NEx hold time after FMC_NWAIT
th(NE_NWAIT) | invalid 4Therk—1 -

1. Guaranteed by characterization results.

Synchronous waveforms and timings

Figure 62 through Figure 65 represent synchronous waveforms and Table 96 through
Table 99 provide the corresponding timings. The results shown in these tables are obtained
with the following FMC configuration:

e  BurstAccessMode = FMC_BurstAccessMode Enabile;

e  MemoryType = FMC_MemoryType_CRAM,;

e  WriteBurst = FMC_WriteBurst_Enable;

e CLKDivision = 1;

e DatalLatency = 1 for NOR Flash; DataLatency = 0 for PSRAM

e CL =30 pF on data and address lines. CL = 10 pF on FMC_CLK unless otherwise
specified.

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

—  For 2.7 V<Vpp<3.6 V, maximum FMC_CLK = 108 MHz at CL=20 pF or 90 MHz at
CL=30 pF (on FMC_CLK).
—  For 1.71 V<Vpp<2.7 V, maximum FMC_CLK = 70 MHz at CL=10 pF (on FMC_CLK).

3
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Table 97. Synchronous multiplexed PSRAM write timings("

Symbol Parameter Min Max Unit
twicLk) FMC_CLK period 2THeLk—0.5 -
tycLkNext) | FMC_CLK low to FMC_NEX low (x=0..2) - 1.5
tacLkr-NExH) | FMC_CLK high to FMC_NEX high (x=0...2) ThoLkt0.5 -
tycLkL-NaDvL) | FMC_CLK low to FMC_NADV low - 1.5
ty(cLkL-NADVH) | FMC_CLK low to FMC_NADV high 0 -
tycLkL-av) | FMC_CLK low to FMC_Ax valid (x=16...25) - 2
ty(cLkH-alv) | FMC_CLK high to FMC_Ax invalid (x=16...25) THelk -
taycLk-nweL) | FMC_CLK low to FMC_NWE low - 1.5 o
tcLkH-nwer) | FMC_CLK high to FMC_NWE high TheLk—0.5 -
tycLkL-apy) | FMC_CLK low to FMC_AD[15:0] valid - 3
tycLkL-apvy | FMC_CLK low to FMC_AD[15:0] invalid 0 -
tycLkL-DaTA) | FMC_A/D[15:0] valid data after FMC_CLK low - 3.5
tycLknsLy) | FMC_CLK low to FMC_NBL low 1 -
tycLkn-NBLH) | FMC_CLK high to FMC_NBL high Thekt0.5 -
tsu(NwAIT-cLkH) | FMC_NWAIT valid before FMC_CLK high 2 -
th(cLkH-NwAIT) | FMC_NWAIT valid after FMC_CLK high 35 -

1. Guaranteed by characterization results.
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6.3 WLCSP143, 4.539x 5.849 mm, 0.4 mm pitch wafer level chip
scale package information

Figure 85. WLCSP143, 4.539x 5.849 mm, 0.4 mm pitch wafer level chip scale
package outline
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1. Drawing is not to scale.

Table 115. WLCSP143, 4.539x 5.849 mm, 0.4 mm pitch wafer level chip scale
package mechanical data

millimeters inches("
Symbol
Min Typ Max Min Typ Max
A 0.525 0.555 0.585 0.0207 0.0219 0.0230
A1 - 0.175 - - 0.0069 -
202/227 DoclD027590 Rev 4 ‘Yl




STM32F745xx STM32F746xx Package information

Figure 98. UFBGA176+25, 10 x 10 x 0.65 mm, ultra fine-pitch ball grid array
package recommended footprint

000000000000000
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000000000000000 %
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0000 00000 0000
0000 00000 0000
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0000 O0O000O0 0000
0000 0000
0000000000000 00
000000000000000
000000000000000
0000000000000 00 AGE7_FP_V1

Table 121. UFBGA176+25 recommended PCB design rules (0.65 mm pitch BGA)

Dimension Recommended values
Pitch 0.65 mm
Dpad 0.300 mm
Dsm Q.4OQ mm typ. (depends on the soldermask reg-
istration tolerance)
Stencil opening 0.300 mm
Stencil thickness Between 0.100 mm and 0.125 mm
Pad trace width 0.100 mm
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Table 127. Document revision history (continued)

Date

Revision

Changes

10-Dec-2015

Updated Table 10: STM32F745xx and STM32F746xx pin and ball
definition additional functions column: WKUP1, 2, 3, 4, 5, 6 must be
respectively PAO, PA2, PC1, PC13, PI8, PI11.

Updated Table 62: ADC characteristics adding Vggg. negative voltage
reference.

Update Table 14: Voltage characteristics adding table note 3.
Updated Table 69: Temperature sensor calibration values memory
addresses.

Updated Table 72: Internal reference voltage calibration values
memory addresses.

18-Feb-2016

Updated Table 52: EMI characteristics modifying 25/180 MHz by
25/200 MHz.

Updated Figure 13: STM32F74xZx WLCSP143 ballout.
Added TFBGA100 8 x 8 mm package:

— Updated Cover page.

— Updated Section 1: Description.

— Updated Table 2: STM32F745xx and STM32F746xx features and
peripheral counts.

— Updated Table 4: Regulator ON/OFF and internal reset ON/OFF
availability.

— Updated Section 3: Pinouts and pin description adding Figure 12:
STM32F74xVx TFBGA100 ballout and adding TFBGA100 ball
description in Table 10: STM32F745xx and STM32F746xx pin and
ball definition.

— Updated Table 17: General operating conditions.

— Updated Table 53: ESD absolute maximum ratings.

— Updated notes below Figure 43 and Figure 44.

— Updated Section 6: Package information adding TFBGA100
package information and adding thermal resistance in Table 124:
Package thermal characteristics.

— Updated Table 10: STM32F745xx and STM32F746xx pin and ball
definition note 5.

Updated Table 35: Peripheral current consumption peripheral

consumption on APB1 and APB2.

Updated Figure 18: STM32F74xNx TFBGA216 ballout.
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