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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
140

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

201-UFBGA

176+25UFBGA (10x10)
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Functional overview
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Figure 9. Startup in regulator OFF: slow Vpp slope
- power-down reset risen after Voap 1/Vcap 2 stabilization
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1. This figure is valid whatever the internal reset mode (ON or OFF).
Figure 10. Startup in regulator OFF mode: fast Vpp slope
- power-down reset risen before Voap 1/Vcap 2 stabilization
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1. This figure is valid whatever the internal reset mode (ON or OFF).
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Regulator ON/OFF and internal reset ON/OFF availability

Table 4. Regulator ON/OFF and internal reset ON/OFF availability

Package Regulator ON Regulator OFF | Internal reset ON | Internal reset OFF

LQFP100 Yes No
Yes No

LQFP144,
LQFP208
TFBGA100, Yes Yes
LQFP176 Yes Yes PDR_ON set to PDR_ON set to
WLCSP143, BYPASS_REG set | BYPASS REG set Vbp vss
UFBGA176, to Vgg to Vpp
TFBGA216

Real-time clock (RTC), backup SRAM and backup registers

The RTC is an independent BCD timer/counter. It supports the following features:

Calendar with subsecond, seconds, minutes, hours (12 or 24 format), week day, date,
month, year, in BCD (binary-coded decimal) format.

Automatic correction for 28, 29 (leap year), 30, and 31 days of the month.
Two programmable alarms.

On-the-fly correction from 1 to 32767 RTC clock pulses. This can be used to
synchronize it with a master clock.

Reference clock detection: a more precise second source clock (50 or 60 Hz) can be
used to enhance the calendar precision.

Digital calibration circuit with 0.95 ppm resolution, to compensate for quartz crystal
inaccuracy.

Three anti-tamper detection pins with programmable filter.

Timestamp feature which can be used to save the calendar content. This function can
be triggered by an event on the timestamp pin, or by a tamper event, or by a switch to
VBAT mode.

17-bit auto-reload wakeup timer (WUT) for periodic events with programmable
resolution and period.

The RTC and the 32 backup registers are supplied through a switch that takes power either
from the Vpp supply when present or from the Vgur pin.

The backup registers are 32-bit registers used to store 128 bytes of user application data
when VDD power is not present. They are not reset by a system or power reset, or when the
device wakes up from Standby mode.

The RTC clock sources can be:

A 32.768 kHz external crystal (LSE)

An external resonator or oscillator(LSE)

The internal low-power RC oscillator (LSI, with typical frequency of 32 kHz)
The high-speed external clock (HSE) divided by 32.
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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 8 -3 »
< -— iti
‘8_ 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
SPI5_MISO,
SAlI1_SCK_B,
UART7_RTS,
- - |H1M| 20| L3 | 26| 29 | L3 PF8 |[I/IO|FT | - TIM13 CH1, ADC3_IN6
QUADSPI_BK1_100,
EVENTOUT
SPI5_MOSI, SAl1_FS_B,
UART7_CTS,
- - | e8| 21| L2 27|30 L2 PF9 |[I/IO|FT]| - TIM14_CH1, ADC3_IN7
QUADSPI_BK1_101,
EVENTOUT
DCMI_D11, LCD_DE,
- - |Go|22|L1]28 |3 |L1]| PF1I0 |WO|FT| - EVENTOUT ADC3_IN8
PHO-
12| C1|J11 | 23| G1|29]|32|G1|OSCIN(|[IIO|FT] - EVENTOUT OSC_IN®)
PHO)
PH1-
13 | D1 |H10| 24 | H1 | 30 | 33 | H1 |OSC_OU |I/O| FT | - EVENTOUT 0Sc_ouT®
T(PH1)
RS
14| E1 | H9 | 25 | J1 |31 | 34 | J1 | NRST |lO| |- - -
SAI2_FS_B,
4y| OTG_HS_ULPI_STP, | ADC123_IN1
15| F1 | H8 | 26 | M2 | 32 | 35 | M2 | PCO |[I/O|FT FMC_SDNWE, LCD. RS, 0
EVENTOUT
TRACEDO, ADC123_IN1
)| SPI2_MOSI/I2S2_SD, 1,
16 | F2 |K11| 27 | M3 |33 |36 | M3| PC1 |I/O|FT SA SD_A ETH MDC, | RTC_TAMP3,
EVENTOUT WKUP3
SPI2_MISO,
OTG_HS_ULPI_DIR,
17 | E2 |J10 | 28 | M4 | 34 | 37 | M4 | PC2 |I/O|FT|® ETH_MII_TXD2, ADC1§3—'N1
FMC_SDNEQO,
EVENTOUT
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Pinouts and pin description STM32F745xx STM32F746xx

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

Pin Number
Pin g
o | ™ © © name | 8| 2 | o
< © iti
§ 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)! Q
| = ; | S | - o
- - - - - - 67 | P7 PJ2 I/O| FT | - LCD_RS3, EVENTOUT -
- - - - - - 68 | N8 PJ3 I/O| FT | - LCD_R4, EVENTOUT -
- - - - - - 69 | M9 PJ4 I/O| FT | - LCD_RS5, EVENTOUT -
SPI5_MOSI, SAI2_SD_B,
- - M7 | 49 | R6 | 59 | 70 | P8 PF11 I/IO| FT | - FMC_SDNRAS, -
DCMI_D12, EVENTOUT
- - N7 | 50 | P6 | 60 | 71 | M6 PF12 I/IO| FT | - FMC_A6, EVENTOUT -
- - - 51 | M8 | 61 | 72 | K7 VSS S - - - -
- - - 52 | N8 | 62 | 73 | L8 VDD S - - - -
I2C4_SMBA, FMC_A7,
- - K6 | 53 | N6 | 63 | 74 | N6 PF13 I/IO| FT | - EVENTOUT -
12C4_SCL, FMC_A8,
- - L6 | 54 | R7 | 64 | 75 | P6 PF14 I/IO| FT | - EVENTOUT -
12C4_SDA, FMC_A®9,
- - M6 | 55 | P7 | 65 | 76 | M8 PF15 I/O| FT | - EVENTOUT -
- - N6 | 56 | N7 | 66 | 77 | N7 PGO I/O| FT | - FMC_A10, EVENTOUT -
- - K5 | 57 | M7 | 67 | 78 | M7 PG1 IIO| FT | - FMC_A11, EVENTOUT -
TIM1_ETR, UART7_RX,
37 | H5 | L5 | 58 | R8 | 68 | 79 | R8 PE7 I/IO| FT | - QUADSPI_BK2_I00, -
FMC_D4, EVENTOUT
TIM1_CH1N, UART7_Tx,
38| J5 | M5 | 59 | P8 | 69 | 80 | N9 PE8 I/O| FT | - QUADSPI_BK2_I01, -
FMC_D5, EVENTOUT
TIM1_CH1, UART7_RTS,
39 | K5 | N5 |60 | PO | 70| 81 | P9 PE9 I/IO| FT | - QUADSPI_BK2_102, -
FMC_D6, EVENTOUT
- - H3 | 61 | M9 | 71 | 82 | K8 VSS S - - - -
- - J5 | 62 | N9 | 72 | 83 | L9 VDD S - - - -
TIM1_CH2N,
UART7_CTS,
40 | G6 | J4 | 63 | R9 | 73 | 84 | R9 PE10 I/IO| FT | - QUADSPI_BK2 |03, -
FMC_D7, EVENTOUT
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Pinouts and pin description

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

Pin Number
Pin g
]
o (o) ©o © name o ‘5 7)) ays
e e 3 3 = = S N (function 2 s 2 Alternate functions Addltl_onal
T < o | T | < |5 | Y| < c| =9 functions
L ol |2 0|2 ||| aftr [ F|9|=Z
G| @ | S |c |8 |c|T|D|reset)V Q
Ok S| 2|5 (2|2 |k
SPDIFRX_IN3,
USART6_RX,
QUADSPI_BK2_102,
- - E5 (124 | C10 | 152 | 178 | D9 PG9 I/IO| FT | - SAI2_FS_B, -
FMC_NE2/FMC_NCE,
DCMI_VSYNC,
EVENTOUT
LCD_G3, SAI2_SD B,
- - C6 |125|B10| 153|179 | C8 PG10 I/IO| FT | - FMC_NE3, DCMI_D2, -
LCD_B2, EVENTOUT
SPDIFRX_INO,
ETH_MIl_TX_EN/ETH_R
- - B6 | 126 | B9 [ 154 | 180 | B8 PG11 I/1O| FT | - MIl_TX_EN, DCMI_D3, -
LCD_B3, EVENTOUT
LPTIM1_IN1,
SPI6_MISO,
SPDIFRX_IN1,
- - A6 | 127 | B8 | 155|181 | C7 PG12 I/O| FT | - USART6_RTS, LCD_B4, -
FMC_NE4, LCD_BH1,
EVENTOUT
TRACEDO, LPTIM1_OUT,
SPI6_SCK,
USART6_CTS,
- - D6 | 128 | A8 | 156 | 182 | B3 PG13 I/IO| FT | - ETH_MII_TXDO/ETH_RM -
II_TXDO, FMC_A24,
LCD_RO, EVENTOUT
TRACED1,LPTIM1_ETR,
SPI16_MOSI,
USART6_TX,
- - F6 [129| A7 | 157 | 183 | A4 PG14 I/O| FT | - QUADSPI_BK2_ 103, -
ETH_MI_TXD1/ETH_RM
I_TXD1, FMC_A25,
LCD_BO, EVENTOUT
- - - 130 | D7 | 158 | 184 | F7 VSS - - - -
- - E6 [131| C7 | 159|185 | E8 VDD - - - -
‘Yl DoclD027590 Rev 4 69/227
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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 22. reset and power control block characteristics

Symbol Parameter Conditions Min | Typ | Max | Unit
PLS[2:0]=000 (rising edge) 209 | 214 | 219 | V
PLS[2:0]=000 (falling edge) 198 | 204 | 208 | V
PLS[2:0]=001 (rising edge) 223 | 230 | 237 | V
PLS[2:0]=001 (falling edge) 213 | 219 | 225 | V
PLS[2:0]=010 (rising edge) 239 | 245 | 2.51 \Y
PLS[2:0]=010 (falling edge) 229 | 235|239 | V
PLS[2:0]=011 (rising edge) 254 | 260 | 265 | V
v Programmable voltage PLS[2:0]=011 (falling edge) 244 | 251 | 256 | V
VD | detector level selection | p| 5[2:01=100 (rising edge) | 2.70 | 2.76 | 2.82 | V
PLS[2:0]=100 (falling edge) 259 | 266 | 2.71 \Y
PLS[2:0]=101 (rising edge) 286 | 293 | 299 | V
PLS[2:0]=101 (falling edge) 265 | 284|292 | V
PLS[2:0]=110 (rising edge) 296 | 3.03 | 310 | V
PLS[2:0]=110 (falling edge) 285 | 293|299 | V
PLS[2:0]=111 (rising edge) 3.07 | 3.14 | 3.21 \%
PLS[2:0]=111 (falling edge) 295 | 303 | 309 | V
Vpyphyst! | PVD hysteresis - - 100 | - | mV
v Power-on/power-down Falling edge 1.60 | 1.68 | 1.76 \Y
PORIPDR | reset threshold Rising edge 164 | 1.72 | 180 | Vv
Vpprhyst!) | PDR hysteresis - - 40 - | mv
Brownout level 1 Falling edge 213 | 219 | 224 | V
VBOR! | threshold o
Rising edge 223 | 229 | 233 \Y,
Brownout level 2 Falling edge 244 | 250 | 2.56 \Y,
VBOR2 | threshold o
Rising edge 253 | 259 | 2.63 \Y,
Brownout level 3 Falling edge 275 | 283|288 | V
VBOR3 | threshold o
Rising edge 285 | 292 | 2.97 V
VBORhyst(1) BOR hysteresis - - 100 - mV
TRS(I)T(EQ"PO POR reset temporization - 05 | 15 | 30 | ms
InRush current on
(1) |voltage regulator power- ) )
IRusH on (POR or wakeup 160 | 250 | mA
from Standby)
InRush energy on
E. (1) |voltage regulator power- Vpp =17V, TA =105 °C, ) ) 54 c
RUSH on (POR or wakeup lrusH = 171 mA for 31 us ' W
from Standby)

DocID027590 Rev 4
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STM32F745xx STM32F746xx Electrical characteristics

Figure 25. Typical Vgt current consumption (RTC ON/BKP SRAM OFF and
LSE in low drive mode)
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Figure 26. Typical Vgt current consumption (RTC ON/BKP SRAM OFF and
LSE in medium low drive mode)
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STM32F745xx STM32F746xx Electrical characteristics

5.3.15

Absolute maximum ratings (electrical sensitivity)

Based on three different tests (ESD, LU) using specific measurement methods, the device is
stressed in order to determine its performance in terms of electrical sensitivity.

Electrostatic discharge (ESD)

Electrostatic discharges (a positive then a negative pulse separated by 1 second) are
applied to the pins of each sample according to each pin combination. The sample size
depends on the number of supply pins in the device (3 parts x (n+1) supply pins). This test
conforms to the ANSI/ESDA/JEDEC JS-001-2012 and ANSI/ESD S5.3.1-2009 standards.

Table 53. ESD absolute maximum ratings

Symbol

Maximum

value(V Unit

Ratings Conditions Class

VESD(HBM)

Electrostatic discharge Tp = +25 °C conforming to

voltage (human body model) | ANSI/ESDA/JEDEC JS-001-2012 2 2000

VEspcom)

Ta = +25 °C conforming to ANSI/ESD
$5.3.1-2009, LQFP100, LQFP144, v
LQFP176, LQFP208, WLCSP143, C3 250
UFBGA176, TFBGA100 and TFBGA216
packages

Electrostatic discharge
voltage (charge device model)

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 1/0 pin

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

Table 54. Electrical sensitivities

Symbol

Parameter Conditions Class

LU

Static latch-up class Tp = +105 °C conforming to JESD78A II'level A

5.3.16

3

I/0 current injection characteristics

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 susceptibilty to I/O current injection

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

DocID027590 Rev 4 1371227




Electrical characteristics STM32F745xx STM32F746xx

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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General PCB design guidelines

Power supply decoupling should be performed as shown in Figure 43 or Figure 44,
depending on whether Vrgg+ is connected to Vppa or not. The 10 nF capacitors should be
ceramic (good quality). They should be placed them as close as possible to the chip.

Figure 43. Power supply and reference decoupling (Vrgg+ not connected to Vppa)

STM32F

® ; [:l VRrer+ (D
1
1
1
1
1
1
1
1
——— 1
1TuF//10nF 1
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— [ vom
1 uF // 10 nF
L L [:l Vssa/Vrers "

ai17535b

1. Vgeg+ input is available on all the packages except TFBGA100 whereas the Vrgp_ is available only on
u

R
FBGA176 and TFBGA216. When Vggg. is not available, it is internally connected to Vppp and Vgga.

Figure 44. Power supply and reference decoupling (Vgrgg+ connected to Vppa)
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£f+ input is available on all the packages except TFBGA100, whereas the Vrgp_ is available only on

1. VR
UFBGA176 and TFBGA216. When Vggg. is not available, it is internally connected to Vppa and Vgga.
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STM32F745xx STM32F746xx

Electrical characteristics

Refer to Section 5.3.17: I/O port characteristics for more details on the input/output alternate
function characteristics (CK, SD, WS).

Table 77. IS dynamic characteristics(")

Symbol Parameter Conditions Min Max Unit
fack 12S Main clock output - 256x8K | 256xFs®) | MHz
Master data: 32 bits - 64xFs
fek 12S clock frequency MHz
Slave data: 32 bits - 64xFs
Dck 12S clock frequency duty cycle | Slave receiver 30 70 %
tyws) WS valid time Master mode - 5 o
thws) WS hold time Master mode 0 -
Slave mode 5 -
tsuws) WS setup time Slave mode 3 ]
PCM short pulse mode(®
Slave mode 0 -
thws) WS hold time Slave mode )
PCM short pulse mode(®
tsusD MR Master receiver 5 -
Su(SD_MR) Data input setup time ns
tsuisb_sRr) Slave receiver 1 -
th(sb MR Master receiver 5 -
(SD_MR) Data input hold time
th(sb_sR) Slave receiver 1.5 -
tysp_sT) Slave transmitter (after enable edge) - 16
= Data output valid time
tysp_mT) Master transmitter (after enable edge) - 3.5
thsp sT Slave transmitter (after enable edge) 5 -
(5D_ST) Data output hold time
th(sp_wmT) Master transmitter (after enable edge) 0 -

1. Guaranteed by characterization results.

2. The maximum value of 256xFs is 45 MHz (APB1 maximum frequency).

3. Measurement done with respect to 12S_CK rising edge.

Note:

3

Refer to RM0385 reference manual I12S section for more details on the sampling frequency

(Fs).

fvck fox, and Dy values reflect only the digital peripheral behavior. The values of these

parameters might be slightly impacted by the source clock precision. Dcy depends mainly
on the value of ODD bit. The digital contribution leads to a minimum value of
(12SDIV/(2*12SDIV+0DD) and a maximum value of (I2SDIV+0ODD)/(2*12SDIV+0DD). Fg
maximum value is supported for each mode/condition.

DocID027590 Rev 4
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Figure 51. SAl master timing waveforms
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Figure 52. SAl slave timing waveforms
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Electrical characteristics

USB OTG full speed (FS) characteristics

This interface is present in both the USB OTG HS and USB OTG FS controllers.

Table 79. USB OTG full speed startup time

Symbol Parameter Max Unit
tstartup'" USB OTG full speed transceiver startup time 1 bs
1. Guaranteed by design.
Table 80. USB OTG full speed DC electrical characteristics
Symbol Parameter Conditions I\I(I:r; Typ. M(?)x Unit
USB OTG full speed
Vbpusg | transceiver operating - 3.00 | - 3.6 \Y
voltage
Input Vp® | Differential input sensitivity Il(JUSSBBT_'FSS—gFf;g),\%' 0.2 - -
levels - . —
Vey® Differential common mode Includes Vp, range 08 ) 25 | v
range
@3) | Single ended receiver ) )
VsE™ | threshold 13 20
Output| VoL |Static outputlevel low R of 1.5 kQto 3.6 V& - - | 03 v
levels | v, |Sstatic output level high R of 15kQtoVgs™® | 28 | - | 36
PA11, PA12, PB14, PB15
(USB_FS_DP/DM, 17 21| 24
R USB_HS_DP/DM) Ve zy
i PA9, PB13 TR
(OTG_FS_VBUS, 065 | 11| 20
OTG_HS_VBUS) kQ
PA12, PB15 (USB_FS_DP, _
USB_HS_DP) ViN = Vss 1.5 | 1.8 | 21
Rpy PA9, PB13
(OTG_FS_VBUS, V|N = Vss 0.25 [0.37| 0.55
OTG_HS_VBUS)

1. All the voltages are measured from the local ground potential.

2. The USB OTG full speed transceiver functionality is ensured down to 2.7 V but not the full USB full speed
electrical characteristics which are degraded in the 2.7-to0-3.0 V Vppygg voltage range.

3. Guaranteed by design.
4. R is the load connected on the USB OTG full speed drivers.

Note: When VBUS sensing feature is enabled, PA9 and PB13 should be left at their default state
(floating input), not as alternate function. A typical 200 uA current consumption of the
sensing block (current to voltage conversion to determine the different sessions) can be
observed on PA9 and PB13 when the feature is enabled.

3
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Electrical characteristics

STM32F745xx STM32F746xx

Table 84. Dynamic characteristics: USB ULPI(")

Symbol Parameter Conditions Min. | Typ. | Max. | Unit
tsc Control in (ULPI_DIR, ULPI_NXT) setup time - 3 - -
the Control in (ULPI_DIR, ULPI_NXT) hold time - 1 - -
tsp Data in setup time - 1.5 - -
tHp Data in hold time - 0.5 - -
27V <Vpp<3.6YV,
C, = 20 pF and - 55 9 | M
OSPEEDRYy[1:0] = 11
toc/top | Data/control output delay - -

1.7V <Vpp<386YV, 5.5 11.5
C_=15pF and -
OSPEEDRYy[1:0] = 11

1. Guaranteed by characterization results.

166/227

Ethernet characteristics

Unless otherwise specified, the parameters given in Table 85, Table 86 and Table 87 for
SMI, RMII and MII are derived from tests performed under the ambient temperature, fic
frequency summarized in Table 17 and Vpp supply voltage conditions summarized in
Table 85, with the following configuration:

e  Output speed is set to OSPEEDRy[1:0] = 10
e Capacitive load C = 20 pF
e Measurement points are done at CMOS levels: 0.5Vpp.

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

Table 85 gives the list of Ethernet MAC signals for the SMI (station management interface)
and Figure 55 shows the corresponding timing diagram.

Figure 55. Ethernet SMI timing diagram

N
X

tsu(MDIO) th(MDIO)
ETH_MDIO(l) 1 i

tMDC———————»]

ETH_MDC

td(MDIO)

ETH_MDIO(O)

MS31384V1
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5.3.29

3

Figure 72. Quad-SPI timing diagram - SDR mode
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Figure 73. Quad-SPI timing diagram - DDR mode
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Camera interface (DCMI) timing specifications

Unless otherwise specified, the parameters given in Table 108 for DCMI are derived
from tests performed under the ambient temperature, fc| k frequency and Vpp supply
voltage summarized in Table 17, with the following configuration:

e DCMI_PIXCLK polarity: falling
¢ DCMI_VSYNC and DCMI_HSYNC polarity: high
e Data formats: 14 bits

Table 108. DCMI characteristics(!

Symbol Parameter Min Max Unit
- Frequency ratio DCMI_PIXCLK/fycLk - 0.4
DCMI_PIXCLK | Pixel clock input - 54 MHz
Dpixel Pixel clock input duty cycle 30 70 %
tsuipaTA) Data input setup time 3.5 -
thDATA) Data input hold time 0 -
lsuHsYNG) DCMI_HSYNC/DCMI_VSYNC input setup time 25 - ns
tsu(vsyne)
::ﬁ::g DCMI_HSYNC/DCMI_VSYNC input hold time 0 -

1. Guaranteed by characterization results.
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Marking of engineering samples

The following figure gives an example of topside marking orientation versus pin 1 identifier
location.

Figure 90. LQFP144, 20 x 20mm, 144-pin low-profile quad flat package

top view example
Product identification() "l O | R~ |

S EF7uULZGTL)|
I |
L |

L L yuw]

Pin 1 Date code

/ identifier
. @

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.

| __— Revision code

MS37561V1
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Package information

3

Table 118. LQFP176, 24 x 24 mm, 176-pin low-profile quad flat package
mechanical data (continued)

millimeters inches(!
Symbol
Min Typ Max Min Typ Max

E 23.900 - 24.100 0.9409 - 0.9488
e - 0.500 - - 0.0197 -
HD 25.900 - 26.100 1.0200 - 1.0276
HE 25.900 - 26.100 1.0200 - 1.0276

L 0.450 - 0.750 0.0177 - 0.0295
L1 - 1.000 - - 0.0394 -
ZD - 1.250 - - 0.0492 -
ZE - 1.250 - - 0.0492 -
cce - - 0.080 - - 0.0031
k 0° - 7° 0° - 7°

1. Values in inches are converted from mm and rounded to 4 decimal digits.
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Table 122. TFBGA216, 13 x 13 x 0.8 mm thin fine-pitch ball grid array
package mechanical data (continued)

millimeters inches("
Symbol
Min Typ Max Min Typ Max
G - 0.900 - - 0.0354
ddd - - 0.100 - - 0.0039
eee - - 0.150 - - 0.0059
fff - - 0.080 - - 0.0031

1. Values in inches are converted from mm and rounded to 4 decimal digits.

Figure 101. TFBGA216, 13 x 13 x 0.8 mm thin fine-pitch ball grid array
package recommended footprint

000000000000000
000000000000000
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000
000
000

+

Dpad
Dsm

b

0000000000000
0000000000000

0000000000000
0000000000000
0000000000000
0000000000000
000000

0000000000000
0000000000000
0000000000000
0000000000000
0000000000000
0000000000000

000000
000000

AOL2_FP_V1

Table 123. TFBGA216 recommended PCB design rules (0.8 mm pitch BGA)

Dimension Recommended values
Pitch 0.8
Dpad 0.400 mm
Dsm 9.47(? mm typ. (depends on the soldermask reg-
istration tolerance)
Stencil opening 0.400 mm
Stencil thickness Between 0.100 mm and 0.125 mm
Pad trace width 0.120 mm
220/227 DoclD027590 Rev 4 ‘W
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Revision history

Table 127. Document revision history

Date Revision Changes

26-May-2015 1 Initial release.

Updated Table 53: ESD absolute maximum ratings adding packages.
Updated note of Table 32: Typical and maximum current consumptions
in Standby mode.

Updated Figure 11: STM32F74xVx LQFP100 pinout replacing PB13
and PB14 by PE13 and PE14.

Updated Table 51: EMS characteristics replacing 168 MHz by

216 MHz.

Updated Section 2.9: Quad-SPI memory interface (QUADSPI)
removing ‘STM32F75xx’.

Updated Section 2.22.2: General-purpose timers (TIMx) and

Section 2.43: Embedded Trace Macrocell™ modifying STM32F756xx
20-Oct-2015 2 by STM32F74xxx.

Updated Section 2.1: ARM® Cortex®-M7 with FPU modifying
STM32F756xx family by STM32F745xx and STM32F746xx devices.
Removed Table 86. Ethernet DC electrical characteristics.

Updated all the notes removing ‘not tested in production’.

Updated Table 43: Main PLL characteristics, Table 44: PLLI2S
characteristics and Table 45: PLLISAI characteristics fVCO_OUT
output at min value ‘100’ and VCO freq at 100 MHz.

Updated Table 13: STM32F745xx and STM32F746xx register
boundary addresses replacing cortex-M4 by Cortex-M7.

Updated Table 87: Dynamics characteristics: Ethernet MAC signals for
MIltd (TXEN) and td (TXD) min value at 6.5 ns.
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