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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, I2S, 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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STM32F745xx STM32F746xx Functional overview
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SAI1 and SAI2 can be served by the DMA controller

SPDIFRX Receiver Interface (SPDIFRX)

The SPDIFRX peripheral, is designed to receive an S/PDIF flow compliant with IEC-60958
and IEC-61937. These standards support simple stereo streams up to high sample rate,
and compressed multi-channel surround sound, such as those defined by Dolby or DTS (up
to 5.1).

The main features of the SPDIFRX are the following:

e Upto 4 inputs available

e Automatic symbol rate detection

e  Maximum symbol rate: 12.288 MHz

e  Stereo stream from 32 to 192 kHz supported

e  Supports Audio IEC-60958 and IEC-61937, consumer applications

e  Parity bit management

e  Communication using DMA for audio samples

e  Communication using DMA for control and user channel information

e Interrupt capabilities

The SPDIFRX receiver provides all the necessary features to detect the symbol rate, and
decode the incoming data stream. The user can select the wanted SPDIF input, and when a
valid signal will be available, the SPDIFRX will re-sample the incoming signal, decode the
manchester stream, recognize frames, sub-frames and blocks elements. It delivers to the
CPU decoded data, and associated status flags.

The SPDIFRX also offers a signal named spdif_frame_sync, which toggles at the S/PDIF
sub-frame rate that will be used to compute the exact sample rate for clock drift algorithms.

Audio PLL (PLLI2S)

The devices feature an additional dedicated PLL for audio 12S and SA applications. It allows
to achieve error-free 12S sampling clock accuracy without compromising on the CPU
performance, while using USB peripherals.

The PLLI2S configuration can be modified to manage an 12S/SAl sample rate change
without disabling the main PLL (PLL) used for CPU, USB and Ethernet interfaces.

The audio PLL can be programmed with very low error to obtain sampling rates ranging
from 8 KHz to 192 KHz.

In addition to the audio PLL, a master clock input pin can be used to synchronize the
12S/SAl flow with an external PLL (or Codec output).
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This dual digital Interface supports the following features:
e two DAC converters: one for each output channel

e  8-bit or 12-bit monotonic output

e left or right data alignment in 12-bit mode

e synchronized update capability

e noise-wave generation

e triangular-wave generation

¢ dual DAC channel independent or simultaneous conversions
e  DMA capability for each channel

e external triggers for conversion

e input voltage reference Vggr+

Eight DAC trigger inputs are used in the device. The DAC channels are triggered through
the timer update outputs that are also connected to different DMA streams.

Serial wire JTAG debug port (SWJ-DP)

The ARM SWJ-DP interface is embedded, and is a combined JTAG and serial wire debug
port that enables either a serial wire debug or a JTAG probe to be connected to the target.

Debug is performed using 2 pins only instead of 5 required by the JTAG (JTAG pins could
be re-use as GPIO with alternate function): the JTAG TMS and TCK pins are shared with
SWDIO and SWCLK, respectively, and a specific sequence on the TMS pin is used to
switch between JTAG-DP and SW-DP.

Embedded Trace Macrocell™

The ARM Embedded Trace Macrocell provides a greater visibility of the instruction and data
flow inside the CPU core by streaming compressed data at a very high rate from the
STM32F74xxx through a small number of ETM pins to an external hardware trace port
analyzer (TPA) device. The TPA is connected to a host computer using USB, Ethernet, or
any other high-speed channel. Real-time instruction and data flow activity can be recorded
and then formatted for display on the host computer that runs the debugger software. TPA
hardware is commercially available from common development tool vendors.

The Embedded Trace Macrocell operates with third party debugger software tools.

3
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STM32F745xx STM32F746xx

Pinouts and pin description

Table 9. Legend/abbreviations used in the pinout table

Name Abbreviation Definition
. Unless otherwise specified in brackets below the pin name, the pin function during and after
Pin name : .
reset is the same as the actual pin name
S Supply pin
Pin type | Input only pin
I/10 Input / output pin
FT 5V tolerant /0
TTa 3.3 V tolerant I/O directly connected to ADC
I/O structure
B Dedicated BOOT pin
RST Bidirectional reset pin with weak pull-up resistor
Notes Unless otherwise specified by a note, all I/Os are set as floating inputs during and after reset
Alterr_wate Functions selected through GPIOx_AFR registers
functions
Addltl'onal Functions directly selected/enabled through peripheral registers
functions

Table 10. STM32F745xx and STM32F746xx pin and ball definition

Pin Number
Pin g
[}
(=] (2] © © name o + (7] e
< © 0
S 2 N h =R |8 o | (function 2| 3 2 Alternate functions Addltl_onal
N - S "N - - S - I B 4 sl =2 functions
O | f o o after =| o | Z
g|@ | 3 |c| R |C|C | @D reset) =2
O I = I I = e B
TRACECLK, SPI4_SCK,
SAI1_MCLK_A,
1 A3 | D8 1 A2 1 1 A3 PE2 I/O| FT | - QUADSPI_BK1_102, -
ETH_MII_TXD3,
FMC_A23, EVENTOUT
TRACEDO, SAI1_SD B,
2 B3 [C10| 2 | A1 2 2 A2 PE3 /O | FT | - FMC_A19, EVENTOUT -
TRACED1, SPI4_NSS,
SAI1_FS_A, FMC_A20,
3 C3 |B11| 3 B1 3 3 A1 PE4 I/O| FT | - DCMI_D4, LCD_BO, -
EVENTOUT
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Table 12. STM32F745xx and STM32F746xx alternate function mapping (continued)

AF0 | AF1 | AR2 AF3 AF4 | AF5 | AF6 | AF7 AF8 AF9 | AF10 | AFH1 | AF12 | AF13 | AF14 | AF15
SAI2/US
Port TIM8/9/10/ SPI2/31U | ppTeiuA | CANT/2ZIT | SAI2/QU FMC/SD
12C1/2/3/ | SPM/2/3/ | SPI3/ | SART1/2/ IM12113/ | ADSPIO | 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 -
CANT_R EVEN
PDO | - - - - - - - - - M - - |Fmcp2| - - | SUEN
CANT_T EVEN
PD1 | - - - - - - - - - M - - |Fmcp3| - - | 5N
ooy | TRACE [ |TmsET| ] ] ] ~ |uarts_ | ] | sommc [pemip| [ Even
D2 R RX 1CMD | 11 TOUT
SPI2_SC
= USART2 FMC_CL | DCMI_D EVEN
PD3 | - - - - - | kmes2_ |- S - - - - > WD | Lep_e7 | EYEN
cK
ooa | ] ] ] ] ] | usarr2 | ] ] ] FMCN | | even
_RTS OF TOUT
oos | ] ] ] ] ] | usarm2| ] ] ] FMCN | | even
X WE TOUT
SPI3_M
M | sai1_sp | usaRT2 FMC_N | DCMI_D EVEN
PDE | - - - : ©|OSES T A _RX - - - - WAT | 10~ |CPBZ| tour
Portb |~ ] ] ] ] ] ] | USART2 [ SPDIFRX | ] ~ |emcNE| | BveN
CK | _INo 1 TOUT
oos | ] ] ] ] ] | usarTs [sPoiFRX | ] ~ |emcot| | even
X | N 3 TOUT
0o | . ] ] ] ] ] ~ |usarts | ] ] ~ |emcoot| BREEY
_RX 4 TOUT
USART3 FMC_D1 EVEN
PD10 | - - - - - - - o - - - - > - |cps3 | EYEN
ot |- ) ) ) l2ca_sM | _ |usarts| | OUADSPsap sp | [RNMCATI | even
BA cTs _BK1| A - TOUT
- 0 CLE
ooz | - | Tmac | PrMi | 2casc| . |usarts| o |QUADSEsap ps | [FNMCATI | even
H1 N1 N RTS _BK1_| A - TOUT
- 1 ALE
o1 TIMA4_C | LPTIM1_ | 12C4_SD QURDSP | sai2_sc FMC_A1 EVEN
i i H2 out A . . . . B KA - 3 - - TOUT

uonduosap uid pue sjnould
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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 TIMBI90/ spi/au | SAZIUS | cantiarT | saziqu FNC/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
ETH_MII_
SPDIFRX TX_EN/E DCMI_D EVEN
PG11 | - - - - - - - INO - - - THRMIL |~ 3 | LCD_B3 | 1507
TX_EN
LPTIM1_| SPI6_MI SPDIFRX | USART6 FMC_NE EVEN
PGI1Z | - - - N1 - ) - N “RTs | LCD_B4 - - 4 - | LCDBT | 1oyt
ETH_MII_
TRACE LPTIM1_ SPI6_SC USART6 TXDO/ET | FMC_A2 EVEN
PortG | PG13 | "'py - - ouT - K - - CTs - - HRMILT| 4 - LCD_RO | royt
XDO
QUADSP ETH MIL_
bois | TRACE | | emmiE ) SPI6_M ) ) usaRTe | J0RDSP ) TXDUET | FMC_A2 | | op go | EVEN
D1 TR oS Tx | -BKZ HRMILT| 5 B0 | rout
— 3 — —
XD1
e1s | - ] ] ] ] ] ] ] USART6 ] ] ] FMC_SD | DCMID | EVEN
CTs NCAS 13 TOUT
EVEN
PHO - - - - - - - - - - - - - - © | Tout
EVEN
PH1 - - - - - - - - - - - - - - © | Tout
or ) ) | e ) ) ) ) | QUADSE | saiz_sc [ETHMIL|FMC.SD| || o Ro | EVEN
N2 B2 KB CRS | CKEO RO | 1oyt
o ) ) ) ) ) ) ) ) | QUADSE | sai_MC [ETHMIL |FMC_SD | | | o gy | EVEN
-BK2_| KB coL NEO R\ Tout
Port H
ora 12C2_SC OTG_HS- EVEN
- - - - C - - - - - s - - - - | Tout
o ] ] ] ] 1262.SD |SPI5 NS | ] ] ] ] ] FMC_SD| ] EVEN
A S NWE TOUT
oHG ] ] ] ] 12C2_SM |sPis_sc| ] ] TIM12_C ] ETH_MII_ | FMC_SD | DCMILD | EVEN
BA K H1 RXD2 | NE1 8 TOUT
oH7 ] ] ] ] 1263_SC | SPIs_MI | ] ] ] ] ETH_MIL_ | FMC_SD | DCMILD | EVEN
L SO RXD3 | CKE1 9 TOUT

uonduosap uid pue sjnouid
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STM32F745xx STM32F746xx

Memory mapping

Table 13. STM32F745xx and STM32F746xx register boundary addresses (continued)

Bus Boundary address Peripheral

0x4008 0000- Ox4FFF FFFF Reserved
0x4004 0000 - 0x4007 FFFF USB OTG HS
0x4002 BCOO0- 0x4003 FFFF Reserved
0x4002 BOOO - 0x4002 BBFF Chrom-ART (DMA2D)
0x4002 9400 - 0x4002 AFFF Reserved
0x4002 9000 - 0x4002 93FF
0x4002 8C00 - 0x4002 8FFF
0x4002 8800 - 0x4002 8BFF ETHERNET MAC
0x4002 8400 - 0x4002 87FF
0x4002 8000 - 0x4002 83FF
0x4002 6800 - 0x4002 7FFF Reserved
0x4002 6400 - 0x4002 67FF DMA2
0x4002 6000 - 0x4002 63FF DMA1
0x4002 5000 - 0X4002 5FFF Reserved
0x4002 4000 - 0x4002 4FFF BKPSRAM

AHB1 0x4002 3C00 - 0x4002 3FFF Flash interface register

0x4002 3800 - 0x4002 3BFF

RCC

0X4002 3400 - 0X4002 37FF Reserved
0x4002 3000 - 0x4002 33FF CRC
0x4002 2C00 - 0x4002 2FFF Reserved
0x4002 2800 - 0x4002 2BFF GPIOK
0x4002 2400 - 0x4002 27FF GPIOJ
0x4002 2000 - 0x4002 23FF GPIOI
0x4002 1C00 - 0x4002 1FFF GPIOH
0x4002 1800 - 0x4002 1BFF GPIOG
0x4002 1400 - 0x4002 17FF GPIOF
0x4002 1000 - 0x4002 13FF GPIOE
0X4002 0CO00 - 0x4002 OFFF GPIOD
0x4002 0800 - 0x4002 OBFF GPIOC
0x4002 0400 - 0x4002 07FF GPIOB
0x4002 0000 - 0x4002 03FF GPIOA

3
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STM32F745xx STM32F746xx

Memory mapping

3

Table 13. STM32F745xx and STM32F746xx register boundary addresses (continued)

Bus Boundary address Peripheral
0x4000 8000- 0x4000 FFFF Reserved
0x4000 7C00 - 0x4000 7FFF UARTS
0x4000 7800 - 0x4000 7BFF UART7
0x4000 7400 - 0x4000 77FF DAC
0x4000 7000 - 0x4000 73FF PWR
0x4000 6C00 - 0x4000 6FFF HDMI-CEC
0x4000 6800 - 0x4000 6BFF CAN2
0x4000 6400 - 0x4000 67FF CAN1
0x4000 6000 - 0x4000 63FF 12C4
0x4000 5C00 - 0x4000 5FFF 12C3
0x4000 5800 - 0x4000 5BFF 12C2
0x4000 5400 - 0x4000 57FF 12C1
0x4000 5000 - 0x4000 53FF UART5
0x4000 4C00 - 0x4000 4FFF UART4
0x4000 4800 - 0x4000 4BFF USART3
0x4000 4400 - 0x4000 47FF USART2
0x4000 4000 - 0x4000 43FF SPDIFRX

APBT 0x4000 3C00 - 0x4000 3FFF SPI3 /1283
0x4000 3800 - 0x4000 3BFF SPI2 /1282
0x4000 3400 - 0x4000 37FF Reserved
0x4000 3000 - 0x4000 33FF IWDG
0x4000 2C00 - 0x4000 2FFF WWDG

0x4000 2800 - 0x4000 2BFF

RTC & BKP Registers

0x4000 2400 - 0x4000 27FF

LPTIM1

0x4000 2000 - 0x4000 23FF TIM14
0x4000 1C00 - 0x4000 1FFF TIM13
0x4000 1800 - 0x4000 1BFF TIM12
0x4000 1400 - 0x4000 17FF TIM7
0x4000 1000 - 0x4000 13FF TIM6
0x4000 0C00 - 0x4000 OFFF TIMS
0x4000 0800 - 0x4000 OBFF TIM4
0x4000 0400 - 0x4000 O7FF TIM3
0x4000 0000 - 0x4000 03FF TIM2
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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

Table 35. Peripheral current consumption (continued)

Iop(Typ)"
Peripheral Unit
Scale 1 Scale 2 Scale 3

TIM2 19.8 18.7 16.1
TIM3 16.6 15.1 13.6
TIM4 16.2 15.1 13.3
TIM5 19 17.8 15.8

TIM6 3 2.7 25

TIM7 3 2.7 25
TIM12 12.4 11.3 10.3

TIM13 6 5.3 5

TIM14 6 5.3 5

LPTIM1 9.4 8.7 8.1

WWDG 1.8 1.6 1.4

SP12/12520) 3 2.9 2.8
SPI3/1253() 3.2 2.9 2.8

APB1 SPDIFRX 2.2 2 1.7

(up to USART2 12.8 12 10.8 UA/MHz

54 MHz) USART3 15.6 14.2 13.1
UART4 11.8 10.7 9.7

UART5 11.2 10 9.2

12C1 9.8 8.7 7.8

12C2 8.6 7.8 7.2

12C3 8.6 7.8 7.2

12C4 12 10.9 9.7

CAN1 6.8 6 5.6

CAN2 6.8 6 5.8

CEC 1 0.7 0.8

PWR 1.2 0.9 0.8

DAC#) 3 2.7 25

UART7 12.4 11.6 10

UART8 10.4 9.3 8.6
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STM32F745xx STM32F746xx

Electrical characteristics

Table 50. Flash memory endurance and data retention

Value
Symbol Parameter Conditions Unit
Min(")
Tp = —40 to +85 °C (6 suffix versions)
N Endurance kcycles
END ! Tp = —40 to +105 °C (7 suffix versions) 10 4
1 keycle® at T, = 85 °C 30
tReT Data retention |1 kcycle®® at Tp=105°C 10 Years
10 keycles® at Tp = 55 °C 20

1. Guaranteed by characterization results.

2. Cycling performed over the whole temperature range.

5.3.14 EMC characteristics

Susceptibility tests are performed on a sample basis during device characterization.

Functional EMS (electromagnetic susceptibility)

While a simple application is executed on the device (toggling 2 LEDs through 1/O ports).
the device is stressed by two electromagnetic events until a failure occurs. The failure is
indicated by the LEDs:
o Electrostatic discharge (ESD) (positive and negative) is applied to all device pins until

a functional disturbance occurs. This test is compliant with the IEC 61000-4-2 standard.

e FTB: A burst of fast transient voltage (positive and negative) is applied to Vpp and Vgg
through a 100 pF capacitor, until a functional disturbance occurs. This test is compliant
with the IEC 61000-4-4 standard.

A device reset allows normal operations to be resumed.

The test results are given in Table 51. They are based on the EMS levels and classes
defined in application note AN1709.

Table 51. EMS characteristics

Symbol Parameter Conditions Level/
Class

Voltage limits to be applied on any I/O pin to Vpp =33V, L9FP176‘ Ta=

VFESD | induce a functional disturbance +25 °C, fuoLk = 216 MHz, conforms | - 2B

to IEC 61000-4-2

Fast transient voltage burst limits to be Vpp = 3.3V, TFBGA216, Ty

Verrg | applied through 100 pF on Vpp and Vgg =+25 °C, fycLk = 216 MHz, 4A
pins to induce a functional disturbance conforms to IEC 61000-4-2

As a consequence, it is recommended to add a serial resistor (1 kQ) located as close as
possible to the MCU to the pins exposed to noise (connected to tracks longer than 50 mm

on PCB).

3
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STM32F745xx STM32F746xx

Electrical characteristics

5.3.19 TIM timer characteristics
The parameters given in Table 60 are guaranteed by design.
Refer to Section 5.3.17: I/O port characteristics for details on the input/output alternate
function characteristics (output compare, input capture, external clock, PWM output).
Table 60. TIMx characteristics(1(2)
Symbol Parameter Conditions(® Min Max Unit
AHB/APBXx prescaler=1
or 2 or 4, fryxcLk = 1 - trimxcLk
216 MHz
tres(Tim) Timer resolution time
AHB/APBXx
prescaler>4, frjyxcLk = 1 - trimxcLk
108 MHz
Timer external clock
fexT 0 fimxcik/2 | MHz
frequency on CH1to CH4 | ¢\ -\ =216 MHz X
Restim Timer resolution - 16/32 bit
t Maximum possible count ) ) 65536 x t
MAX_COUNT | yith 32-bit counter 65536 | |MxCLK
TIMx is used as a general term to refer to the TIM1 to TIM12 timers.
2. Guaranteed by design.
The maximum timer frequency on APB1 or APB2 is up to 216 MHz, by setting the TIMPRE bit in the
RCC_DCKCFGR register, if APBx prescaler is 1 or 2 or 4, then TIMxCLK = HCLK, otherwise TIMxCLK =
4x PCLKXx.
5.3.20 RTC characteristics
Table 61. RTC characteristics
Symbol Parameter Conditions Min Max
.| Any read/write operation
- fpcLk1/RTCCLK frequency ratio from/to an RTC register 4 -
5.3.21 12-bit ADC characteristics
Unless otherwise specified, the parameters given in Table 62 are derived from tests
performed under the ambient temperature, fpc| k2 frequency and Vppa supply voltage
conditions summarized in Table 17.
Table 62. ADC characteristics
Symbol Parameter Conditions Min Typ Max Unit
Vppa | Power supply 1.7() - 3.6 Vv
" Vopa ~VRrer+ < 1.2V @)
Vgrer+ | Positive reference voltage 1.7 - Vppa Vv
Vgrer- | Negative reference voltage - - 0 - \Y

3
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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
152/227 DoclD027590 Rev 4 Kys




STM32F745xx STM32F746xx

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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Table 83. USB HS clock timing parameters(”

Symbol Parameter Min Typ Max Unit
ficLk value to guarantee proper operation of
USB HS interface 30 MHz
FstarT gBiT | Frequency (first transition) | 8-bit £10% 54 60 66 MHz
FsteaDY Frequency (steady state) +500 ppm 59.97 60 60.03 | MHz
DstarT geiT | Duty cycle (first transition) | 8-bit +10% 40 50 60 %
DsTtEADY Duty cycle (steady state) +500 ppm 49.975 50 50.025 %
¢ Time to reach the steady state frequency and ) ) 14 ms
STEADY duty cycle after the first transition '
{START DEV | Clock startup time after the | Peripheral - - 5.6 -
tSTART HOST de-assertion of SuspendM Host - . -
¢ PHY preparation time after the first transition ) ) ) s
PREP of the input clock H
1. Guaranteed by design.
Figure 54. ULPI timing diagram
Clock \ /_\_/ \ / \ /
t > tHC
Control In sC / i
(ULPI_DIR, [
ULPI_NXT) SD » THD
data In ( &
(8-bit) /
Ipc >~ 1pc
Control out \
(ULPI_STP)
d =
ata out
(8-bit) X
ai17361c
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Table 92. Asynchronous multiplexed PSRAM/NOR read timings(?)

Symbol Parameter Min Max Unit
tw(NE) FMC_NE low time 3Thelk=0.5 | 3TheLkt1.5
ty(NOE_NE) FMC_NEx low to FMC_NOE low 2Thek=1 | 2THekt0.5
tow(NOE) FMC_NOE low time Thelk=0.5 | Thck*0.5
th(NE_NOE) FMC_NOE high to FMC_NE high hold time 0 -
tya NE) FMC_NEx low to FMC_A valid - 0.5
tynabv NEy | FMC_NEx low to FMC_NADV low 0 0.5
tw(NADV) FMC_NADYV low time Tholk=0.5 | Thclk*1-5
t(AD_NADY) Emg_ﬁi(Da\(;%eis) valid hold time after 0 ) ns
_ gh)
th(A_NOE) Address hold time after FMC_NOE high Thek=0.5 -
th(BL_NOE) FMC_BL time after FMC_NOE high 0 -
ty(BL_NE) FMC_NEx low to FMC_BL valid - 0.5
tsu(Data NE) Data to FMC_NEXx high setup time Thelk—2 -
tsupata NoE) | Data to FMC_NOE high setup time THeLk—2 -
th(Data_NE) Data hold time after FMC_NEXx high 0 -
thpata_NoE) | Data hold time after FMC_NOE high 0 -
1. Guaranteed by characterization results.
Table 93. Asynchronous multiplexed PSRAM/NOR read-NWAIT timings(")
Symbol Parameter Min Max Unit
tw(NE) FMC_NE low time 8TheLk—1 8TheoLkt2
tw(NOE) FMC_NWE low time 5Theik—1 5Theik 1 ns
tsunwaiT Ny | FMC_NWAIT valid before FMC_NEx high | 5Tyc k +1.5 -
trNE_ WA FMC_NEXx hold time after FMC_NWAIT AThoLcH i

invalid

1.

Guaranteed by characterization results.
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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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Figure 63. Synchronous multiplexed PSRAM write timings

W(CLK) “e——>le——» tw(CLK) . ~ BUSTURN=0
-- ' 1 | 1 1 ]
FMC CLK & [ \I 4 \_/_\ ! \_/ / .
1
1 1 »l
: ,  Dgalatency £ 0 " : E E
1
CL'KL NExL) ! td;CLKIH NExH)»™—— %
1 1 1 1
FMC_NEXx : ! L ! /
1
d(CLKL-NADVLy>* S t4(CUKL-NADVH) L :
! ! 1 1 1 |
FMC_NADV : S ! o ! \_
: d(CL:KL-AV) \ t4(CLKH-AIV)-»!
FMC_A[25:16] \ : ! : : :
_*T ChKL NWEL ! td(QLKH NWEH) *:—P
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1
FMC_NWE ! : L I
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: CLKL ADIV)>te H(CLKL-Data)y > ! !
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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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6.5 LQFP176, 24 x 24 mm low-profile quad flat package

information

Figure 91. LQFP176, 24 x 24 mm, 176-pin low-profile quad flat package outline
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1. Drawing is not to scale.

Table 118. LQFP176, 24 x 24 mm, 176-pin low-profile quad flat package

mechanical data

millimeters inches(")
Symbol
Min Typ Max Min Typ Max
A - - 1.600 - - 0.0630
A1 0.050 - 0.150 0.0020 - 0.0059
A2 1.350 - 1.450 0.0531 - 0.0060
b 0.170 - 0.270 0.0067 - 0.0106
C 0.090 - 0.200 0.0035 - 0.0079
D 23.900 - 24.100 0.9409 - 0.9488
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6.6 LQFP208, 28 x 28 mm low-profile quad flat package
information

Figure 94. LQFP208, 28 x 28 mm, 208-pin low-profile quad flat package outline
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1. Drawing is not to scale.

Table 119. LQFP208, 28 x 28 mm, 208-pin low-profile quad flat package
mechanical data

millimeters inches("
Symbol
Min Typ Max Min Typ Max
A - - 1.600 - - 0.0630
A1 0.050 - 0.150 0.0020 - 0.0059
A2 1.350 1.400 1.450 0.0531 0.0551 0.0571
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