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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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2.28

2.29

2.30
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SAl1 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 Upto4inputs 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 I12S and SAl 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).

Audio and LCD PLL (PLLSAI)

An additional PLL dedicated to audio and LCD-TFT is used for SAI1 peripheral in case the
PLLI2S is programmed to achieve another audio sampling frequency (49.152 MHz or
11.2896 MHz) and the audio application requires both sampling frequencies simultaneously.

The PLLSAI is also used to generate the LCD-TFT clock.
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2.44

2.45

2.46

)

Digital-to-analog converter (DAC)

The two 12-bit buffered DAC channels can be used to convert two digital signals into two
analog voltage signal outputs.

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

e Dual DAC channel independent or simultaneous conversions
e  DMA capability for each channel

e  External triggers for conversion

e Input voltage reference Vrgf+

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.

The 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
STM32F76xxx 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.
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—  16-bit RGB, configurations 1, 2, and 3
— 18-bit RGB, configurations 1 and 2
—  24-bitRGB
e  Programmable polarity of all LTDC interface signals
e Extended resolutions beyond the DPI standard
e  Maximum resolution of 800x480 pixels:
e  Maximum resolution is limited by available DSI physical link bandwidth:
—  Number of lanes: 2
—  Maximum speed per lane: 500 Mbps1Gbps

Adapted interface features
Support for sending large amounts of data through the memory_write_start(WMS) and
memory_write_continue(WMC) DCS commands
e LTDC interface color coding mappings into 24-bit interface:
—  16-bit RGB, configurations 1, 2, and 3
—  18-bit RGB, configurations 1 and 2
—  24-bit RGB

Video mode pattern generator:

e  Vertical and horizontal color bar generation without LTDC stimuli
e BER pattern without LTDC stimuli
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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 I Input only pin
/0 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
Alternate . .
. Functions selected through GPIOx_AFR registers
functions
Addltlpnal Functions directly selected/enabled through peripheral registers
functions

Table 10. STM32F765xx, STM32F767xx, STM32F768Ax and STM32F769xx pin and
ball definitions

Pin Number
STM32F765xx STM32F768Ax '6
STM32F767xx STM32F769xx @
-
£
© o
HEIR
= ° . Additional
- k7] 2 3 % Alternate functions fdd tt_o 2
ol | L |lo ||l [D|w|w|® 5 S0 2 unctions
O | « ~ o | & © ~ S | & = o
a | o o o [+ o o o o o [] -
Lol 2L 0 | L | w £
glg| |9 |C E O |0 | C E ©
e T I = I e e ) I B O c
=
£
o
TRACECLK, SP14_SCK,
SAI1_MCLK_A,
1 1 | A2 1 1 | A3 [E10| 1 1 | A3 PE2 IIO|FT| - QUADSPI_BK1_102, -
ETH_MII_TXD3,
FMC_A23, EVENTOUT
TRACEDO, SAI1_SD_B,
2 (2| A1 2 2 | A2 |[F10| 2 2 | A2 PE3 IIO|FT| - FMC_A19. EVENTOUT -

3
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STM32F765xx STM32F767xx STM32F768Ax STM32F769xx

Table 10. STM32F765xx, STM32F767xx, STM32F768Ax and STM32F769xx pin and
ball definitions (continued)

Pin Number
STM32F765xx STM32F768Ax '6
STM32F767xx STM32F769xx o
-
g
© g
s |8 €|
= 5] . Additional
= k3] 2 3 % Alternate functions fdd tt_o 2
o|ld | L |lo |0l |D|vw|w|f S | E|®|l=z2 unctions
S|l S|~ | M|l | |® | NS | & = o
-V e S I WO - M 0 - YO - WO B M o =
[T [T o (T [T [7)] [T [T E
g|g|@|g|lg|lp@|o|Cd|g|m &
e R I '-|_'- [ a | a '-|_'- c
2
£
o
SPI1_NSS/1281_WS,
SPI3_NSS/I2S3_WS
- < e ADC1_IN4,
28 [ 40 | N4 | 50 | 53 [ N4 | L9 | 50 | 53 | N4 PA4 110 T - USART2_CK, SPI6_NSS, ADC2_IN4,
a OTG_HS_SOF, DAG. OUTH
DCMI_HSYNC, -
LCD_VSYNC, EVENTOUT
TIM2_CH1/TIM2_ETR,
TIM8 CH1N
= ! ADC1_IN5,
29 | 41 | P4 | 51 54 | P4 | P11 | 51 54 | P4 PA5 110 T - SPI1_SCK/I251_CK, ADC2_IN5,
a SPI6_SCK, DAC OUT2
OTG_HS_ULPI_CK, -
LCD_R4, EVENTOUT
TIM1_BKIN, TIM3_CH1,
TIM8_BKIN, SPI1_MISO,
SPI6_MISO, TIM13_CH1, | ADC1_ING6,
30(42 | P3| 52|55 | P3|N10| 52 | 55 | P3 PAG IO | FT| - MDIOS_MDC, ADC2_IN6
DCMI_PIXCLK, LCD_G2,
EVENTOUT
TIM1_CH1N, TIM3_CH2,
TIM8_CH1N,
SPI1_MOSI/I2S1_SD,
SPI6_MOSI, TIM14_CH1, | ADC1_IN7,
31| 43| R3 |53 |56 |R3| M9 |53]|56]|R3 PA7 | VO | FT| - | exy "Vl RX_DV/ETH RM | ADGZ.IN7
II_CRS_DV,
FMC_SDNWE,
EVENTOUT
DFSDM1_CKIN2,
1281_MCK, SPDIF_RX2, | \1 s \14
32|44 | N5 | 54 | 57 | N5 | NC | 54 | 57 | N5 PC4 I/O|FT | - | ETH_MII_RXDO/ETH_RMII ADCZ_IN147
_RXDO, FMC_SDNED, -
EVENTOUT
DFSDM1_DATIN2,
SPDIF_RX3, ADC1_IN15
33|45 | P5 | 55|58 | P5 | NC| 55|58 | P5 PC5 I/O|FT| - | ETH_MII_RXD1/ETH_RMII ADCZ_IN15,
_RXD1, FMC_SDCKEQO, -
EVENTOUT
- - - - 59 | L7 - - 59 | L7 VDD S - - - -
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Table 10. STM32F765xx, STM32F767xx, STM32F768Ax and STM32F769xx pin and
ball definitions (continued)

Pin Number
STM32F765xx STM32F768Ax =
STM32F767xx STM32F769xx @
-
£
© <
R E
= 5 . Additional
= © 2 2 % Alternate functions fddt_o a
ol | R l|lo|lw |2 B |vw|lw|® c Sl %2 unctions
S|t |« | M| |N|® |~ | N 3 o
ool |2 ||| (e |B|g o =
Lk 2w | L | e =
c|lg|@loc|jg|@lo|lc|c|@ ©
e R I '-|_'- [ a | a '-|_'- c
2
£
o
- |51 | M8 |61 |72 |K7|PO|61|72|K| VSS |S - - -
- | 52| N8| 62| 73 | L8| M8 |62 | 73| L8 VDD S - - -
12C4_SMBA,
- 53 | N6 | 63 | 74 | N6 | L8 [ 63 | 74 | N6 PF13 IO | FT| - DFSDM1_DATING, -
FMC_A7, EVENTOUT
12C4_SCL,
- 54 | R7 | 64 | 75 | P6 | K8 [ 64 | 75 | P6 PF14 IO | FT| - DFSDM1_CKING, -
FMC_AS8, EVENTOUT
[2C4_SDA, FMC_A9,
- 55| P7 | 65|76 M8 | P8 | 65 | 76 | M8 PF15 IO | FT| - EVENTOUT -
- 56 | N7 | 66 | 77 | N7 | N8 | 66 | 77 | N7 PGO IIO|FT| - FMC_A10, EVENTOUT -
- 57 | M7 | 67 | 78 | M7 | L7 | 67 | 78 | M7 PG1 IIO|FT| - FMC_A11, EVENTOUT -
TIM1_ETR,
DFSDM1_DATIN2,
37 | 58 | R8 | 68 | 79 [ R8 | M7 | 68 | 79 | R8 PE7 IIO|FT| - UART7_RX, -
QUADSPI_BK2_100,
FMC_D4, EVENTOUT
TIM1_CH1N,
DFSDM1_CKINZ2,
38|59 | P8 | 69 | 80 | N9 | N7 | 69 | 80 | N9 PE8 IO | FT| - UART7_TX, -
QUADSPI_BK2_101,
FMC_D5, EVENTOUT
TIM1_CHH1,
DFSDM1_CKOUT,
39 (60| P9 | 70 | 81 P9 | P7 | 70 | 81 P9 PE9 IO | FT| - UART7_RTS, -
QUADSPI_BK2_102,
FMC_D6, EVENTOUT
-1 61| M9 | 71 82 | K8 - 71 82 | K8 VSS S - - - -
- | 62| N9 | 72 | 83 | L9 - 72 | 83 | L9 VDD S - - - -
72/255 DoclD029041 Rev 4 KYI




Pinouts and pin description STM32F765xx STM32F767xx STM32F768Ax STM32F769xx

Table 10. STM32F765xx, STM32F767xx, STM32F768Ax and STM32F769xx pin and
ball definitions (continued)

Pin Number
STM32F765xx STM32F768Ax =
STM32F767xx STM32F769xx @
=
£
© e
R E
= [Z . Additional
= k3] 2 3 % Alternate functions fddt_o 2
ol | R|lo|lo|2 B |o|x |8 S Sl oz unctions
S|t |« | M| |N|® |~ | N 3 o
ool |2 ||| (e |B|g o =
Lk 2w || L =
c|lg|@loc|jg|@lo|lc|c|@ ®
e R I '-|_'- | 4 | 2 '-|_'- c
=
£
o
[2C4_SDA, TIM4_CH4,
TIM11_CHA1, 12C1_SDA,
SPI2_NSS/12S2_WS,
DFSDM1_DATIN?7,
96 (140| B4 | 168|199 | B4 | D9 [ 168 | 199 | B4 PB9 /O |FT| - UART5_TX, CAN1_TX, -
SDMMC2_D5,
[2C4_SMBA,
SDMMC1_D5, DCMI_D7,
LCD_B7, EVENTOUT
TIM4_ETR, LPTIM1_ETR,
UART8_RX,
97 [141| A4 | 169|200 | A6 | C9 [ 169 | 200 | A6 PEO /O |FT| - SAI2_MCLK_A, -
FMC_NBLO, DCMI_D2,
EVENTOUT
LPTIM1_IN2, UART8_TX,
98 [142| A3 | 170|201 | A5 | B10 [ 170 | 201 | A5 PE1 /O |FT| - FMC_NBL1, DCMI_D3, -
EVENTOUT
99 | - D5 - 202 F6 | A1 - 202 | F6 VSS S| - - - -
- |143| C6 [ 171|203 | E5 | C10| 171|203 | E5 | PDR.ON | S | - - - -
100 144 C5 | 172 (204 | E7 | B11 | 172 (204 | E7 VDD S| - - - -
TIM8_BKIN,
SAI2_MCLK_A,
- - D4 (173|205 C3 | D10| 173|205 | C3 P14 /O |FT| - FMC_NBL2, DCMI_D5, -
LCD_B4, EVENTOUT
TIM8_CH1, SAI2_SCK_A,
FMC_NBL3,
- - C4 | 174|206 | D3 | D11 | 174 | 206 | D3 P15 /O |FT| - DCMI_VSYNC, LCD_BS, -
EVENTOUT
TIM8_CH2, SAI2_SD_A,
- - C3 | 175|207 | D6 | C11 | 175 | 207 | D6 P16 /O |FT| - FMC_D28, DCMI_D6, -
LCD_B6, EVENTOUT
TIM8_CH3, SAI2_FS_A,
- - C2 | 176|208 | D4 | B12 | 176 | 208 | D4 P17 /O |FT| - FMC_D29, DCMI_D7, -
LCD_B7, EVENTOUT
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Table 11. FMC pin definition

Pin name NOR/PSRAM/SR NOR/PSRAM NAND16 SDRAM
AM Mux
PFO A0 - - A0
PF1 A1 - - A1
PF2 A2 - - A2
PF3 A3 - - A3
PF4 A4 - - A4
PF5 A5 - - A5
PF12 A6 - - A6
PF13 A7 - - A7
PF14 A8 - - A8
PF15 A9 - - A9
PGO A10 - - A10
PG1 A1 - - A1
PG2 A12 - - A12
PG3 A13 - - -
PG4 A14 - - BAO
PG5 A15 - - BA1
PD11 A16 A16 CLE -
PD12 A17 A17 ALE -
PD13 A18 A18 - -
PE3 A19 A19 - -
PE4 A20 A20 - -
PES5 A21 A21 - -
PE6 A22 A22 - -
PE2 A23 A23 - -
PG13 A24 A24 - -
PG14 A25 A25 - -
PD14 DO DAO DO DO
PD15 D1 DA1 D1 D1
PDO D2 DA2 D2 D2
PD1 D3 DA3 D3 D3
PE7 D4 DA4 D4 D4
PES8 D5 DA5 D5 D5
PE9 D6 DA6 D6 D6
PE10 D7 DA7 D7 D7
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Table 12. STM32F765xx, STM32F767xx, STM32F768Ax and STM32F769xx alternate
function mapping
AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 | AF12 | AF13 | AF14 | AF15
SPI2/12S SAI2/QU
A sPiizs | SR 2125 | 2ispi3i2 | SPSSA | CAN1/2IT | ADSPIIS UART7/
Port 12C4/UA e | 12ci2i3) | 1ispianz | 25PI3I2 | syspier | 2USART | iM12113/ | DMMC2iD | 12c4/CAN | FMCISD | o
svys | RT5TM | Tm3iass | 11T | aiusaRT | sispis | S50 | usarTy | §DARTY | 14/quAD | Fspmiio | 3/somm | mmcim | 2SI | cp | svs
112 oeea" | cEC | 12s3/spi | 2CHUR | 23uaRT | JTOOT | SPUFMCY | TG2_HS/ | C2/ETH | DIOS/OT
aisis | ROIDF | sipFsom | S-S/ LCD | OTGI_FS G2_Fs
1/SPDIF /LCD
TIM2_C
PAO o aeC | s _c | Tiv_ET ) ) ) USART2 | UART4_ ~ |saiz.sp_|ETH.mMI_| ) ) EVEN
H1 R CcTS > B CRS TOUT
_ETR -
ETH_MII_
A1 TIM2_C | TIM5_C USART2 | UART4_ IQEQ?S;S SAI2_MC ER%C#,\';’I LD Rro | EVEN
- HZ H2 - - - - “RTS R | -BKL KB _ - - -R2 | Tout
3 |_REF_C
LK
oA | Tme_c | TimMs_c | TIMo_cH ] ] ] USART2 | SAI2_SC ] ] ETHMDI | MDIOS_ [ | op gy | EVEN
H3 H3 1 X KB o MDIO R Tout
TIM2_C | TIM5_C | TIM_CH USART2 OTG_HS_| ETH_MIl_ EVEN
PA3 - H4 H4 2 - - - _RX - LCD_B2 | yipipo | coL - - LCD_BS | Tout
oA ) ) ) ) | ThNS | NS [ usarT2 | sPis NS | ) ~ |ote_Hs| DeMIH | LD vs | EVEN
- ~ | ck S SOF | SYNC | YNC | TOUT
WS WS - -
PortA TIM2_C TIM8_CH SPI1_SC SPI6_SC OTG_HS_ EVEN
PA5 - Himm2 | - e ; KI2s1_ | - . % - e ; ; - | Lcora| EYEN
_ETR CcK _
oAB ] TIM1_B | TIM3_C | TIM8_BKI ] sPi_MI| ] SPI6_MI | TIM13_C ] ] MDIOS_ | DCMIPI| | o o | EVEN
KIN H1 N SO SO H1 MDC | XCLK G2 | tout
SPIT M ETH_MII_
o7 | Tmi_c | TmM3_c | TimMs_cH N P O _ |spie_mo | TIM14_C ) RX_DVIE |[FMC_SD| ) EVEN
HIN H2 N e Si H1 THRMIL | NWE TOUT
- CRS_DV
TIM1_C TIM8_BKI | 12C3_SC USART1 OTG_FS_| CAN3 R | UART7_ EVEN
PA8 | Mco1 W ; N i ; ; e ; ; o o R/~ | co_B3 | Leo_re | SYEN
SPI2_SC
TIM1_C 12C3_SM = USART1 DCMI_D EVEN
PA9 ; - ; ; oA | W22 | - N ; ; ; ; ; W-° | Leors | ST
TIM1_C USART1 OTG_FS_ MDIOS_ | DCMI_D EVEN
PA10 - H3 - - - - - “RX - LCD_B4 D - MDIO 1~ | LCDB1 | rout

uonduosap uid pue synouid

XX69L4ZEINLS XV89LAZEINLS XXL9.4ZENLS XXG9L4ZEINLS
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Table 13. STM32F765xx, STM32F767xx, STM32F768Ax and STM32F769xx register
boundary addresses(!)

Bus Boundary address Peripheral
OxEOOF FFFF - OXFFFF FFFF Reserved
Cortex-M7 0xE000 0000 - OXxEOOF FFFF Cortex-M7 internal peripherals

0xD000 0000 - OXDFFF FFFF FMC bank 6
0xC000 0000 - OxCFFF FFFF FMC bank 5
0xA000 2000 - 0XBFFF FFFF Reserved
0xA000 1000 - 0xA000 1FFF Quad-SPI control register

AHB3 0xA000 0000- 0xA000 OFFF FMC control register
0x9000 0000 - OX9FFF FFFF Quad-SPI
0x8000 0000 - 0x8FFF FFFF FMC bank 3
0x7000 0000 - Ox7FFF FFFF FMC bank 2
0x6000 0000 - OX6FFF FFFF FMC bank 1
0x5006 0C00- OX5FFF FFFF Reserved
0x5006 0800 - 0x5006 OBFF RNG
0x5005 2000 - 0x5005 FFFF Reserved
0x5005 1000 - 0x5005 1FFF JPEG codec

AHB2 0x5005 0000 - 0x5005 03FF DCMI
0x5004 0000- 0x5004 FFFF Reserved
0x5000 0000 - 0x5003 FFFF USB OTG FS
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Electrical characteristics
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Caution:  Any floating input pin can also settle to an intermediate voltage level or switch inadvertently,
as a result of external electromagnetic noise. To avoid a current consumption related to
floating pins, they must either be configured in analog mode, or forced internally to a definite
digital value. This can be done either by using pull-up/down resistors or by configuring the
pins in output mode.

I/O dynamic current consumption
In addition to the internal peripheral current consumption (see Table 39: Peripheral current
consumption), the 1/Os used by an application also contribute to the current consumption.
When an I/O pin switches, it uses the current from the MCU supply voltage to supply the 1/0
pin circuitry and to charge/discharge the capacitive load (internal or external) connected to
the pin:
lsw = Vpp XfswxC
where
Isw is the current sunk by a switching 1/O to charge/discharge the capacitive load
Vpp is the MCU supply voltage
fsw is the I/O switching frequency
C is the total capacitance seen by the I/O pin: C = Ciyt+ Cext
The test pin is configured in push-pull output mode and is toggled by software at a fixed
frequency.
Table 38. Switching output I/O current consumption(")
/0 t li
S o ©°991Ing Typ Typ .
ymbol Parameter Conditions frequency (fsw) Unit
MHz VDD =33V VDD =18V
2 0.1 0.1
8 0.4 0.2
25 1.1 0.7
Cext =0 pF 50 24 1.3
C=Cnt+Cs+ Cexr 60 3.1 1.6
84 4.3 2.4
90 4.9 2.6
| /0 switching 100 5.4 2.8 A
bbIo Current 2 0.2 0.1
8 0.6 0.3
25 1.8 1.1
Cexr =10 pF 50 3.1 2.3
C=Cn7+Cst+C
INT s e 60 4.6 3.4
84 9.7 3.6
90 10.12 5.2
100 14.92 5.4
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Electrical characteristics

Table 49. PLLISAI characteristics (continued)

Symbol

Parameter

Conditions

Min

Typ

Max

Unit

tLOCK PLLSAI lock time

VCO freq = 192 MHz

75

200

VCO freq = 432 MHz

100

300

[V

Jitter®)

Master SAI clock jitter

Cycle to cycle at RMS

90

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

+280

ps

Average frequency of
12.288 MHz

N=432,R=5
on 1000 samples

90

ps

FS clock jitter

Cycle to cycle at 48 KHz
on 1000 samples

400

ps

lbD(PLLSAl Voo

4) |PLLSAI power consumption on |VCO freq = 192 MHz

VCO freq = 432 MHz

0.15
0.45

0.40
0.75

mA

IDDA(PLLSAI) Vooa

(4) | PLLSAI power consumption on | VCO freq = 192 MHz

VCO freq = 432 MHz

0.30
0.55

0.40
0.85

mA

. Take care of using the appropriate division factor M to have the specified PLL input clock values.

1
2. Guaranteed by design.

3. Value given with main PLL
4

running.

. Guaranteed by characterization results.

5.3.12 PLL spread spectrum clock generation (SSCG) characteristics

The spread spectrum clock generation (SSCG) feature allows to reduce electromagnetic
interferences (see Table 61: EMI characteristics). It is available only on the main PLL.

Table 50. SSCG parameters constraint

Symbol Parameter Min Typ Max(1) Unit
fMod Modulation frequency - - 10 KHz
md Peak modulation depth 0.25 - 2 %
MODEPER * INCSTEP - - - 215 -1 -
1. Guaranteed by design.
Equation 1
The frequency modulation period (MODEPER) is given by the equation below:
MODEPER = round[fp | |/ (4 XTyod)]
fpLL_in@nd fyog must be expressed in Hz.
As an example:
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Table 51. MIPI D-PHY characteristics(!) (continued)

Symbol Parameter Conditions Min Typ Max Unit
VL Output low level voltage - 11 1.2 1.2 \Y
ViL.ups | Output high level voltage - -50 - 50 mV

Vi Outputllmpedance of LP } 110 - - Q
transmitter

Vhys 15%-85% rise and fall time - - - 25 ns
LP Contention Detector Characteristics
ViLcp Logic 0 contention threshold - - - 200 v
m
Vihco Logic 0 contention threshold - 450 - -
1. Guaranteed based on test during characterization.
Table 52. MIPI D-PHY AC characteristics LP mode and HS/LP
transitions(!)
Symbol Parameter Conditions Min Typ Max Unit
T Transmitted length of any Low- ) 50 ) )
LPX Power state period
Time that the transmitter drives
the Clock Lane LP-00 Line
TCLK-PREPARE state immediately before the - 38 - 95 ns

HS-0 Line state starting the HS
transmission.

TcoLk-PREPARE | Time that the transmitter drives
+ the HS-0 state prior to starting - 300 - -
TCLK—ZERO the clock.

Time that the HS clock shall be
driven by the transmitter prior to
TeLK-PRE any associated Data Lane - 8 - - ul
beginning the transition from
LP to HS mode.
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5.3.17

3

1. Guaranteed by characterization results.

2. Cycling performed over the whole temperature range.

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 60. They are based on the EMS levels and classes
defined in application note AN1709.

Table 60. EMS characteristics

Level/

Symbol Parameter Conditions
Class

Voltage limits to be applied on any I/0 pin to Vpp=3.3V, T = +25°C, fiyo1k =

VFESD | induce a functional disturbance ijZG MHz, conforms to IEC 61000- | 2B
Fast transient voltage burst limits to be Vpp=3.3V, Ty =+25 °C, fyc k =

Vet applied through 100 pF on Vpp and Vgg 168 MHz, conforms to IEC 61000- 5A
pins to induce a functional disturbance 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).

Designing hardened software to avoid noise problems

EMC characterization and optimization are performed at component level with a typical
application environment and simplified MCU software. It should be noted that good EMC
performance is highly dependent on the user application and the software in particular.

Therefore it is recommended that the user applies EMC software optimization and
prequalification tests in relation with the EMC level requested for his application.

Software recommendations

The software flowchart must include the management of runaway conditions such as:
e  Corrupted program counter

e  Unexpected reset

e  Critical Data corruption (control registers...)
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Prequalification trials

Most of the common failures (unexpected reset and program counter corruption) can be
reproduced by manually forcing a low state on the NRST pin or the Oscillator pins for 1
second.

To complete these trials, ESD stress can be applied directly on the device, over the range of
specification values. When unexpected behavior is detected, the software can be hardened
to prevent unrecoverable errors occurring (see application note AN1015).

Electromagnetic Interference (EMI)

The electromagnetic field emitted by the device are monitored while a simple application,
executing EEMBC code, is running. This emission test is compliant with SAE IEC61967-2
standard which specifies the test board and the pin loading.

Table 61. EMI characteristics

Max vs.
Symbol | Parameter Conditions Monitored [fusefferul | ynit
frequency band
8/200 MHz
0.1 to 30 MHz 5
Vpp = 3.6 V, Ty = 25 °C, TFBGA216 package, 30 to 130 MHz 10
conforming to IEC61967-2 ART/L1-cache ON, dBpv
. . 130 MHz to 1 GHz 18
over-drive ON, all peripheral clocks enabled,
clock dithering disabled. 1 GHzto 2 GHz 10
EMI Level 3.5 -
SEMl Peak level
0.1 to 30 MHz 2
Vpp=3.6V, Ty =25 °C, TFBGA216 package,
conforming to IEC61967-2 ART/L1-cache ON, 30 to 130 MHz 9 dByV
over-drive ON, all peripheral clocks enabled, 130 MHz to 1 GHz 14
clock dithering enabled.
1 GHz to 2 GHz 9
EMI Level 3 -
5.3.18 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.
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Table 65. I/O static characteristics (continued)

Symbol Parameter Conditions Min Typ Max Unit
/O input leakage current ) Vss<Vin<Vop - - +1
likg | 1/O FT input leakage current MA
(5) P g ViN=5V - - 3
All pins
except for
PA10/PB12
(OTG_FS._| 30 40 50
Weak pull-up | D OTG HS
Rpy |equivalent D)y Vin=Vss
resistor(®)
PA10/PB12
(OTG_FS_I
D,OTG_HS_ 7 10 14
ID)
kQ
All pins
except for
PA10/PB12
30 40 50
Weak pull- (OTG_FS_I
PD | equivalent ID) IN=¥DD
resistor(’) PA10/PB12
(OTG_FS_|I
D,OTG_HS_ 7 10 14
ID)
Cio® [ 1/0 pin capacitance - - 5 - pF
1. Guaranteed by design.
2. Tested in production.
3. With a minimum of 200 mV.
4. Leakage could be higher than the maximum value, if negative current is injected on adjacent pins, Refer to Table 64. I/O

current injection susceptibility

5. To sustain a voltage higher than VDD +0.3 V, the internal pull-up/pull-down resistors must be disabled. Leakage could be
higher than the maximum value, if negative current is injected on adjacent pins.Refer to Table 64: I/O current injection
susceptibility

6. Pull-up resistors are designed with a true resistance in series with a switchable PMOS. This PMOS contribution to the
series resistance is minimum (~10% order).

7. Pull-down resistors are designed with a true resistance in series with a switchable NMOS. This NMOS contribution to the
series resistance is minimum (~10% order).

8. Hysteresis voltage between Schmitt trigger switching levels. Guaranteed by characterization results.

All I/Os are CMOS and TTL compliant (no software configuration required). Their
characteristics cover more than the strict CMOS-technology or TTL parameters. The
coverage of these requirements for FT I/Os is shown in Figure 38.

3
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5.3.30

3

1. Guaranteed by characterization results.

Table 99. MDIO Slave timing parameters

Symbol Parameter Min Typ Max | Unit

Fspc Management Data clock - - 40 MHz
tympioy | Management Data input/output output valid time 7 8 20
tsumpioy | Management Data input/output setup time 4 - - ns
thoipioy | Management Data input/output hold time 1 - -

The MDIO controller is mapped on APB2 domain. The frequency of the APB bus should at
least 1.5 times the MDC frequency: Fpc k22 1.5 * Fypc

Figure 60. MDIO Slave timing diagram

) tmbe) ,
tampio) |
Q—ﬂ

X X

. tsumpio) | thwoio)

S—

MSv40460V1

CAN (controller area network) interface

Refer to Section 5.3.20: /O port characteristics for more details on the input/output alternate
function characteristics (CANx_TX and CANx_RX).

FMC characteristics

Unless otherwise specified, the parameters given in Table 100 to Table 113 for the FMC
interface are derived from tests performed under the ambient temperature, fc k frequency
and Vpp supply voltage conditions summarized in Table 17, with the following configuration:

e  Output speed is set to OSPEEDRYy[1:0] = 11
e  Measurement points are done at CMOS levels: 0.5Vpp
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Figure 67. Synchronous non-multiplexed NOR/PSRAM read timings
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Table 110. Synchronous non-multiplexed NOR/PSRAM read timings“)

Symbol Parameter Min Max Unit
twcLk) FMC_CLK period 2THek - 0.5 -
tciki-Next) | FMC_CLK low to FMC_NEx low (x=0..2) - 2
ta(cLkH-NExH) | FMC_CLK high to FMC_NEx high (x=0...2) Thek * 0.5 -
tycLkL-NaDVL) | FMC_CLK low to FMC_NADV low - 0.5
ty(cLkL-NADVH) | FMC_CLK low to FMC_NADV high 0 -
tackL-av)y | FMC_CLK low to FMC_Ax valid (x=16...25) - 25
tacLkr-ary) | FMC_CLK high to FMC_Ax invalid (x=16...25) Thelk - ns
tycLkL-NoEL) | FMC_CLK low to FMC_NOE low - 1.5
ty(cLkH-NoEH) | FMC_CLK high to FMC_NOE high Thek + 0.5 -
tsupv-cLkHy | FMC_D[15:0] valid data before FMC_CLK high 1.5 -
thcLkH-pv) | FMC_D[15:0] valid data after FMC_CLK high 3.5 -
tnwaT-cLkH) | FMC_NWAIT valid before FMC_CLK high 2 -
th(cLkH-NwaIT) | FMC_NWAIT valid after FMC_CLK high 35 -
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LQFP176 device marking of engineering samples

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

Other optional marking or inset/upset marks, which identify the parts throughout supply
chain operations, are not indicated below.

Figure 91. LQFP176, 24 x 24 mm, 176-pin low-profile quad flat package
top view example

STM32F?E7ITITE|

L[| I | [ |
Revision code ~ | I | I Yiww <4— Date code

SR 1 O
<7
o °

Product identification(1)

MS41047V1

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.
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