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STM32F745xx STM32F746xx Description

1.1

3

Full compatibility throughout the family

The STM32F745xx and STM32F746xx devices are fully pin-to-pin, compatible with the
STM32F4xxxx devices, allowing the user to try different peripherals, and reaching higher
performances (higher frequency) for a greater degree of freedom during the development
cycle.

Figure 1 give compatible board designs between the STM32F4xx families.

Figure 1. Compatible board design for LQFP100 package
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The STM32F745xx and STM32F746xx LQFP144, LQFP176, LQFP208, TFBGA216,
UFBGA176, WLCSP143 packages are fully pin to pin compatible with STM32F4xxxx
devices.
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STM32F745xx STM32F746xx Functional overview

2.15

2.16

Note:

3

Boot modes

At startup, the boot memory space is selected by the BOOT pin and BOOT_ADDx option
bytes, allowing to program any boot memory address from 0x0000 0000 to Ox3FFF FFFF
which includes:

e All Flash address space mapped on ITCM or AXIM interface
e AllRAM address space: ITCM, DTCM RAMs and SRAMs mapped on AXIM interface
e  The System memory bootloader

The boot loader is located in system memory. It is used to reprogram the Flash memory
through a serial interface.

Power supply schemes

e Vpar = 1.65 10 3.6 V: power supply for RTC, external clock 32 kHz oscillator and
backup registers (through power switch) when Vpp is not present.

e Vpp = 1.7 to 3.6 Vexternal power supply for I/Os and the internal regulator (when
enabled), provided externally through Vpp pins.

e  Vgsa, Vppa = 1.7 to 3.6 V: external analog power supplies for ADC, DAC, reset blocks,
RCs and PLL. Vppp and Vgga must be connected to Vpp and Vgg, respectively.

Vpp/Vppa minimum value of 1.7 V is obtained when the internal reset is OFF (refer to
Section 2.17.2: Internal reset OFF). Refer to Table 3: Voltage regulator configuration mode
versus device operating mode to identify the packages supporting this option.

e Vppysg can be connected either to Vpp or an external independent power supply (3.0
to 3.6V) for USB transceivers (refer to Figure 4 and Figure 5). For example, when
device is powered at 1.8V, an independent power supply 3.3V can be connected to
Vppuse- When the Vppysg is connected to a separated power supply, it is independent
from Vpp or Vppa but it must be the last supply to be provided and the first to
disappear. The following conditions Vppgg must be respected:

—  During power-on phase (Vpp < Vpp min), Vppuse should be always lower than
Vop

—  During power-down phase (Vpp < Vpp min). Vppuss should be always lower than
Vbp

—  Vppsug rising and falling time rate specifications must be respected (see Table 20
and Table 21)

— In operating mode phase, Vppysg could be lower or higher than Vpp.
- If USB (USB OTG_HS/OTG_FS) is used, the associated GPIOs powered by
VDDUSB are Operating between VDDUSB_MIN and VDDUSB_MAX'

- The Vppysg supply both USB transceiver (USB OTG_HS and USB OTG_FS). If
only one USB transceiver is used in the application, the GPIOs associated to the
other USB transceiver are still supplied by Vppysg-

- If USB (USB OTG_HS/OTG_FS) is not used, the associated GPIOs powered by
Vppusg are operating between VDD_M|N and VDD_MAX.
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STM32F745xx STM32F746xx

Functional overview

Table 6. Timer feature comparison

Max Max
Timer . Counter | Counter | Prescaler DMA Capture/ | Complem interfac | timer
Timer X request | compare entary
type resolution type factor eneration | channels | outout e clock | clock
9 P (MHz) | (MHz)"
Up Any
Advance | TIM1, |0 Down, |, nteger Yes 4 Yes 108 216
d-control | TIM8 Up/down between 1
P and 65536
TIM2 Up, in?enyer
' | 32-bit | Down, 9 Yes 4 No 54 | 108/216
TIM5 Un/down between 1
P and 65536
TIM3 Up, in'to:enyer
’ 16-bit Down, 9 Yes 4 No 54 108/216
TIM4 Un/down between 1
P and 65536
Any
TIM9 |  16-bit Up integer No 2 No 108 216
between 1
General and 65536
purpose Any
TIM10, . integer
TIMA1 16-bit Up between 1 No 1 No 108 216
and 65536
Any
TIM12 |  16-bit Up integer No 2 No 54 [108/216
between 1
and 65536
Any
TIM13, . integer
TIM14 16-bit Up between 1 No 1 No 54 108/216
and 65536
Any
. TIMG, . integer
Basic TIM7 16-bit Up between 1 Yes 0 No 54 108/216
and 65536

1. The maximum timer clock is either 108 or 216 MHz depending on TIMPRE bit configuration in the RCC_DCKCFGR

register.

3
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Memory mapping
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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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Electrical characteristics STM32F745xx STM32F746xx

51.7 Current consumption measurement

Figure 23. Current consumption measurement scheme
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5.2 Absolute maximum ratings

Stresses above the absolute maximum ratings listed in Table 14: Voltage characteristics,
Table 15: Current characteristics, and Table 16: Thermal characteristics may cause
permanent damage to the device. These are stress ratings only and functional operation of
the device at these conditions is not implied. Exposure to maximum rating conditions for
extended periods may affect device reliability.

Table 14. Voltage characteristics

Symbol Ratings Min Max Unit
Vpo-Vss \E/);tAeTrr;zra]ldrr\]?;r;j:s)p(l%/)voltage (including Vppa, Vpp, ~03 4.0
Input voltage on FT pins(z) Vgs - 0.3 | Vpp+4.0
Input voltage on TTa pins Vgg— 0.3 4.0 v
vin Input voltage on any other pin Vgg— 0.3 4.0
Input voltage on BOOT pin Vss 9.0
|[AVppyl Variations between different Vpp power pins - 50
|[Vssx Vss| | Variations between all the different ground pins(®) - 50 mv

see Section 5.3.15:
- Absolute maximum
Vespewm) | Electrostatic discharge voltage (human body model) ratings (electrical -

sensitivity)

1. All main power (Vpp, Vppa: Vppusge) and ground (Vggs, Vgga) pins must always be connected to the
external power supply, in the permitted range.

2. V)y maximum value must always be respected. Refer to Table 15 for the values of the maximum allowed
injected current.

3. Include VREF- pin.

3
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Electrical characteristics STM32F745xx STM32F746xx

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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Electrical characteristics STM32F745xx STM32F746xx

Table 33. Typical and maximum current consumptions in Vgar mode

Typ Max(?
Symbol | Parameter Conditions(!) Ta=25°C Ta=85°C [TA=105°C|
Vear = | VBatr= | VBAT= -
1.7V | 24V | 33V Vear =36V
Backup SRAM OFF, RTC and
LSE OFF 0.03 | 0.03 | 0.04 0.2 0.4
Backup SRAM ON, RTC and
LSE OFF 074 | 0.75 | 0.78 3.0 7.0
Backup SRAM OFF, RTC ON
and LSE in low drive mode 0.40 0.52 0.72 28 6.5
Backup SRAM OFF, RTC ON
and LSE in medium low drive 0.40 0.52 0.72 2.8 6.5
mode
Backup SRAM OFF, RTC ON
Supply current [and LSE in medium high drive 054 | 064 | 0.85 3.3 7.6
Ibo_veaTl;, Vgar mode |mode HA
Backup SRAM OFF, RTC ON
and LSE in high drive mode 0.62 | 0.73 | 0.94 3.6 8.4
Backup SRAMON, RTCONand | 4 o5 | 418 | 141 | 54 12.7
LSE in low drive mode
Backup SRAM ON, RTC ON and
LSE in Medium low drive mode 1.16 1.28 1.51 58 136
Backup SRAM ON, RTC ON and
LSE in Medium high drive mode 1.18 13 1.54 59 138
Backup SRAM ON, RTC ON and
LSE in High drive mode 1.36 1.48 1.73 6.7 15.5
1. Crystal used: Abracon ABS07-120-32.768 kHz-T with a C|_ of 6 pF for typical values.
2. Guaranteed by characterization results.
1121227 DoclD027590 Rev 4 Kys




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

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.

134/227
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Electrical characteristics STM32F745xx STM32F746xx

The failure is indicated by an out of range parameter: ADC error above a certain limit (>5
LSB TUE), out of conventional limits of induced leakage current on adjacent pins (out of —
5 pyA/+0 pA range), or other functional failure (for example reset, oscillator frequency
deviation).

Negative induced leakage current is caused by negative injection and positive induced
leakage current by positive injection.

The test results are given in Table 55.

Table 55. I/O current injection susceptibility(")

Functional susceptibility
Symbol Description Negative Positive Unit
injection injection
Injected current on BOOT pin -0 NA
Injected current on NRST pin -0 NA
Ny Injected current on PAO, PCO pins -0 NA mA
Injected current on any other FT pin -5 NA
Injected current on any other pins -5 +5
1. NA = not applicable.
Note: It is recommended to add a Schottky diode (pin to ground) to analog pins which may

potentially inject negative currents.

5.3.17 /0 port characteristics

General input/output characteristics

Unless otherwise specified, the parameters given in Table 56: I/O static characteristics are
derived from tests performed under the conditions summarized in Table 17. All 1/Os are
CMOS and TTL compliant.

Table 56. I/O static characteristics

Symbol Parameter Conditions Min Typ Max Unit

0.35Vpp — 0.04
FT, TTa and NRST /O input (?)

low level voltage 1.7 V<Vpp<3.6 V ) )

0.3Vpp®
ViL 1.75VVpp 3.6 V, — ] ] v
BOOT I/O input low level 40 °C<Tp<105°C 0.4V 40. ()
voltage 1.7 VVpp 3.6 V, e

0 °C<Tp<105°C

3
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STM32F745xx STM32F746xx Electrical characteristics

Table 62. ADC characteristics (continued)

Symbol Parameter Conditions Min Typ Max Unit
ADC Vggg DC current

IVREF+(2) consumption in conversion - - 300 500 pA
mode
ADC Vppa DC current

lvopa® | consumption in conversion - - 1.6 1.8 mA
mode

1. Vppa minimum value of 1.7 V is obtained with the use of an external power supply supervisor (refer to Section 2.17.2:
Internal reset OFF).

Guaranteed by characterization results.
VRer+ is internally connected to Vppa and Vreg. is internally connected to Vgga.
Rapc maximum value is given for Vpp=1.7 V, and minimum value for Vpp=3.3 V.

o &~ Db

For external triggers, a delay of 1/fpc| ko must be added to the latency specified in Table 62.

Equation 1: Ry max formula
k-0.5
Ran = ( ) Ni2 -Rapc
fapc X Cape X IN(27 )

The formula above (Equation 1) is used to determine the maximum external impedance
allowed for an error below 1/4 of LSB. N = 12 (from 12-bit resolution) and k is the number of
sampling periods defined in the ADC_SMPR1 register.

Table 63. ADC static accuracy at fopc = 18 MHz

Symbol Parameter Test conditions Typ Max(") Unit
ET Total unadjusted error +3 +4
f =18 MHz
EO Offset error ADC 12 +3
VDDA= 1.7t03.6V LSB
EG Gain error Vgep = 1.71t03.6V 11 +3
ED |Differential linearity error Voba—-VRep< 1.2V +1 +2
EL Integral linearity error +2 +3

1. Guaranteed by characterization results.

Table 64. ADC static accuracy at fopc = 30 MHz

Symbol Parameter Test conditions Typ Max(!) Unit
ET Total unadjusted error 12 5
fADC =30 MHZ, + +
EO Offset error Ra < 10 k2 1.5 2.5
EG Gain error Vppa=2.41t03.6V, 1.5 4 LSB

VREF =1.7t03.6 V,
Vopa—VRer < 1.2V
EL Integral linearity error 1.5 +3

ED Differential linearity error

1. Guaranteed by characterization results.

3
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Electrical characteristics STM32F745xx STM32F746xx

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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Figure 51. SAl master timing waveforms
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Package information STM32F745xx STM32F746xx

Table 113. TFBGA100, 8 x 8 x 0.8 mm thin fine-pitch ball grid array
package mechanical data (continued)

millimeters inches(!
Symbol
Min Typ Max Min Typ Max

D 7.850 8.000 8.150 0.3091 0.3150 0.3209
D1 7.200 0.2835

E 7.850 8.000 8.150 0.3091 0.3150 0.3209
E1 7.200 0.2835

e 0.800 0.0315

F 0.400 0.0157

G 0.400 0.0157
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 83. TFBGA100, 8 x 8 x 0.8 mm thin fine-pitch ball grid array
package recommended footprint
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1. Dimensions are expressed in millimeters.
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Package information STM32F745xx STM32F746xx

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

millimeters inches(!
Symbol

Min Typ Max Min Typ Max
b 0.170 0.220 0.270 0.0067 0.0087 0.0106

0.090 - 0.200 0.0035 - 0.0079
D 29.800 30.000 30.200 1.1732 1.1811 1.1890
D1 27.800 28.000 28.200 1.0945 1.1024 1.1102
D3 - 25.500 - - 1.0039 -
E 29.800 30.000 30.200 1.1732 1.1811 1.1890
E1 27.800 28.000 28.200 1.0945 1.1024 1.1102
E3 - 25.500 - - 1.0039 -
e - 0.500 - - 0.0197 -
L 0.450 0.600 0.750 0.0177 0.0236 0.0295
L1 - 1.000 - - 0.0394 -
k 0° 3.5° 7.0° 0° 3.5° 7.0°
cce - - 0.080 - - 0.0031

1. Values in inches are converted from mm and rounded to 4 decimal digits.
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Figure 98. UFBGA176+25, 10 x 10 x 0.65 mm, ultra fine-pitch ball grid array
package recommended footprint

000000000000000
000000000000000 .
000000000000000 %
0000000000000 00 sm
0000 000
0000 00000 0000
0000 00000 0000
0000 00000 0000
0000 00000 0000
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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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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IMPORTANT NOTICE — PLEASE READ CAREFULLY

STMicroelectronics NV and its subsidiaries (“ST”) reserve the right to make changes, corrections, enhancements, modifications, and
improvements to ST products and/or to this document at any time without notice. Purchasers should obtain the latest relevant information on
ST products before placing orders. ST products are sold pursuant to ST’s terms and conditions of sale in place at the time of order
acknowledgement.

Purchasers are solely responsible for the choice, selection, and use of ST products and ST assumes no liability for application assistance or
the design of Purchasers’ products.

No license, express or implied, to any intellectual property right is granted by ST herein.

Resale of ST products with provisions different from the information set forth herein shall void any warranty granted by ST for such product.

ST and the ST logo are trademarks of ST. All other product or service names are the property of their respective owners.

Information in this document supersedes and replaces information previously supplied in any prior versions of this document.

© 2016 STMicroelectronics — All rights reserved
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