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STM32F765xx STM32F767xx STM32F768Ax STM32F769xx Functional overview

2.10 LCD-TFT controller

The LCD-TFT display controller provides a 24-bit parallel digital RGB (Red, Green, Blue)
and delivers all signals to interface directly to a broad range of LCD and TFT panels up to
XGA (1024x768) resolution with the following features:

e 2 display layers with dedicated FIFO (64x32-bit)

e  Color Look-Up table (CLUT) up to 256 colors (256x24-bit) per layer

e Upto 8 input color formats selectable per layer

e Flexible blending between two layers using alpha value (per pixel or constant)
e  Flexible programmable parameters for each layer

e  Color keying (transparency color)

e Up to 4 programmable interrupt events

211 Chrom-ART Accelerator™ (DMA2D)

The Chrom-Art Accelerator™ (DMAZ2D) is a graphic accelerator which offers advanced bit
blitting, row data copy and pixel format conversion. It supports the following functions:

e Rectangle filling with a fixed color

e Rectangle copy

e Rectangle copy with pixel format conversion

e Rectangle composition with blending and pixel format conversion

Various image format codings are supported, from indirect 4bpp color mode up to 32bpp
direct color. It embeds dedicated memory to store color lookup tables.

An interrupt can be generated when an operation is complete or at a programmed
watermark.

All the operations are fully automatized and are running independently from the CPU or the
DMAs.

212 Nested vectored interrupt controller (NVIC)

The devices embed a nested vectored interrupt controller able to manage 16 priority levels,
and handle up to 110 maskable interrupt channels plus the 16 interrupt lines of the Cortex®-
M7 with FPU core.

e Closely coupled NVIC gives low-latency interrupt processing

e Interrupt entry vector table address passed directly to the core

e Allows early processing of interrupts

e  Processing of late arriving, higher-priority interrupts

e  Support tail chaining

e  Processor state automatically saved

e Interrupt entry restored on interrupt exit with no instruction overhead

This hardware block provides flexible interrupt management features with minimum interrupt
latency.

)
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Functional overview

STM32F765xx STM32F767xx STM32F768Ax STM32F769xx

Table 6. Timer feature comparison

Max Max
Timer . Counter | Counter | Prescaler DMA Capture/ | Complem interface | timer
Timer L request | compare entary
type resolution | type factor eneration | channels | outout clock clock
9 P (MHz) | (MHz)™"
Up Any
Advanced | TIM1, 4oy | poyn, | Integer Yes 4 Yes 108 216
-control TIM8 Up/down between 1
P and 65536
TIM2 Up, in?; yer
| 32-bit | Down, 9 Yes 4 No 54 |108/216
TIM5 Up/down between 1
P and 65536
TIM3 Up, in?en yer
| 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
. TIMS, . 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.
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2.33

2.34

2.35
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Controller area network (bxCAN)

The three CANs are compliant with the 2.0A and B (active) specifications with a bit rate up
to 1 Mbit/s. They can receive and transmit standard frames with 11-bit identifiers as well as
extended frames with 29-bit identifiers. Each CAN has three transmit mailboxes, two receive
FIFOS with 3 stages and 28 shared scalable filter banks (all of them can be used even if one
CAN is used). 256 bytes of SRAM are allocated for CAN1 and CAN2. 512 bytes of SRAM
are dedicated for CANS.

Universal serial bus on-the-go full-speed (OTG_FS)

The devices embed an USB OTG full-speed device/host/OTG peripheral with integrated
transceivers. The USB OTG FS peripheral is compliant with the USB 2.0 specification and
with the OTG 2.0 specification. It has software-configurable endpoint setting and supports
suspend/resume. The USB OTG controller requires a dedicated 48 MHz clock that is
generated by a PLL connected to the HSE oscillator.

The maijor features are:

e Combined Rx and Tx FIFO size of 1.28 Kbytes with dynamic FIFO sizing

e  Supports the session request protocol (SRP) and host negotiation protocol (HNP)

e 1 bidirectional control endpoint + 5 IN endpoints + 5 OUT endpoints

e 12 host channels with periodic OUT support

e  Software configurable to OTG1.3 and OTG2.0 modes of operation

e USB 2.0 LPM (Link Power Management) support

e Battery Charging Specification Revision 1.2 support

e Internal FS OTG PHY support

e  HNP/SNP/IP inside (no need for any external resistor)

For the OTG/Host modes, a power switch is needed in case bus-powered devices are
connected

Universal serial bus on-the-go high-speed (OTG_HS)

The devices embed a USB OTG high-speed (up to 480 Mbit/s) device/host/OTG peripheral.
The USB OTG HS supports both full-speed and high-speed operations. It integrates the
transceivers for full-speed operation (12 Mbit/s) and features a UTMI low-pin interface
(ULPI) for high-speed operation (480 Mbit/s). When using the USB OTG HS in HS mode, an
external PHY device connected to the ULPI is required.

The USB OTG HS peripheral is compliant with the USB 2.0 specification and with the OTG
2.0 specification. It has software-configurable endpoint setting and supports
suspend/resume. The USB OTG controller requires a dedicated 48 MHz clock that is
generated by a PLL connected to the HSE oscillator.

The maijor features are:

e Combined Rx and Tx FIFO size of 4 Kbytes with dynamic FIFO sizing

Supports the session request protocol (SRP) and host negotiation protocol (HNP)

8 bidirectional endpoints

16 host channels with periodic OUT support
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2.36

2.37

)

e  Software configurable to OTG1.3 and OTG2.0 modes of operation
e USB 2.0 LPM (Link Power Management) support

e Battery Charging Specification Revision 1.2 support

e Internal FS OTG PHY support

e  External HS or HS OTG operation supporting ULPI in SDR mode. The OTG PHY is
connected to the microcontroller ULPI port through 12 signals. It can be clocked using
the 60 MHz output.

e Internal USB DMA
e  HNP/SNP/IP inside (no need for any external resistor)

e for OTG/Host modes, a power switch is needed in case bus-powered devices are
connected

High-definition multimedia interface (HDMI) - consumer
electronics control (CEC)

The devices embed a HDMI-CEC controller that provides hardware support for the
Consumer Electronics Control (CEC) protocol (Supplement 1 to the HDMI standard).

This protocol provides high-level control functions between all audiovisual products in an
environment. It is specified to operate at low speeds with minimum processing and memory
overhead. It has a clock domain independent from the CPU clock, allowing the HDMI-CEC
controller to wakeup the MCU from Stop mode on data reception.

Digital camera interface (DCMI)

The devices embed a camera interface that can connect with camera modules and CMOS
sensors through an 8-bit to 14-bit parallel interface, to receive video data. The camera
interface can sustain a data transfer rate up to 54 Mbytes/s in 8-bit mode at 54 MHz. It
features:

e Programmable polarity for the input pixel clock and synchronization signals
e Parallel data communication can be 8-, 10-, 12- or 14-bit

e  Supports 8-bit progressive video monochrome or raw bayer format, YCbCr 4:2:2
progressive video, RGB 565 progressive video or compressed data (like JPEG)

e  Supports continuous mode or snapshot (a single frame) mode
e  Capability to automatically crop the image
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Pinouts and pin description

Figure 16. STM32F76xxx LQFP208 pinout
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PE5 T 4 153 A PH15
PE6 O 5 152 PH14
VBATO 6 151 PH13
pisd 7 150 VDD
pci3O 8 149 VSS
pCc14Q 9 148 P VCAP_2
PC15 8 10 147 B pA13
PI9d 11 146 P PA12
piiod 12 145 A PA11
pi11d 13 144 PA10
Vss O 14 143 PA9
VDD 4 15 142 3 PA8
PFO OO0 16 141 3 PCS
PF1 4 17 140 @ PC8
PF2 O 18 139 @ PC7
PI12 1 19 138 @ PC6
PI13 H 20 137 |3 VDDUSB
Pl14 21 136 VsS
PF3 OO0 22 135 ppG8
PF4 . 23 134 A PG7
PF5 O] 24 133 pPG6
Vss O 25 132 P PG5
VDD O 26 LQFP208 131 P pPGa
PF6 O 27 130 P PG3
PF7 O 28 129 B PG2
PF8 OO 29 128 PK2
PF9 O 30 127 PK1
PF10 O 31 126 PKO
PHO O 32 125 VSS
PH1 O 33 124 VDD
NRST 4 34 123 PI11
PCO O 35 122 A P10
PC1 O 36 121 BP9
PC2 O 37 120 P P8
PC3 38 119 P PI7
VDD 4 39 118 PI6
VSSA 4 40 117 PD15
VREF+ 41 116 PD14
VDDA 4 42 115 VDD
pAO O 43 114 VSS
pa1 O 44 113 (A PD13
PA2 O 45 112 PD12
PH2 OO 46 111 PD11
PH3 O 47 110 PD10
PH4 C 48 109 P PD9
PH5 O 49 108 PD8
PA3 O 50 107 PB15
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VDD O 52 105 [ PB13
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1.

The above figure shows the package top view.

3
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Pinouts and pin description STM32F765xx STM32F767xx STM32F768Ax STM32F769xx

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

Pin Number
STM32F765xx STM32F768Ax 'a'S
STM32F767xx STM32F769xx o
-
£
© o
R E
= e . 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
.o lg |8 (0| 5| (8|8 45 o =
Llw B 0 | L | £
c|lg|@loc|jg|@lo|lc|c|@ ®
e R I '-|_'- o I I Y '-|_'- c
=
£
o
FMC_A14/FMC_BAO,
- | 89 [ K14 | 108 [ 131 | N12| G1 [ 112 | 131 | N12 PG4 /O |FT| - EVENTOUT -
FMC_A15/FMC_BAT1,
- 190 [ K13 [109 | 132 [N11| G2 | 113 [ 132 | N11 PG5 /O |FT| - EVENTOUT -
FMC_NE3, DCMI_D12,
-1 91]J15| 110|133 | J15| G3 | 114 | 133 | J15 PG6 IO|FT| - LCD_R7, EVENTOUT -
SAI1_MCLK_A,
USART6_CK, FMC_INT,
- [ 92 [J14 | 111 [ 134 | J14 | G4 [ 115|134 | J14 PG7 /O |FT| - DCMI_D13, LCD_CLK, -
EVENTOUT
SPI6_NSS, SPDIF_RX2,
USART6_RTS,
- | 93 |H14 | 112 | 135 |H14| G5 | 116 | 135 | H14 PG8 /O | FT| - ETH_PPS_OUT, -
FMC_SDCLK, LCD_G7,
EVENTOUT
- 194 (G112 (113 | 136 |G10| F1 | 117 | 136 | G10 VSS S - - -
- |95 [H13| 114 (137 | G11| F2 [ 118 | 137 | G11 | VDDUSB | S - - -
TIM3_CH1, TIM8_CH1,
12S2_MCK,
DFSDM1_CKINS,
USART6_TX,
63| 96 [H15 | 115|138 [H15| G6 | 119 [ 138 | H15 PC6 /O |FT| - FMC_NWAIT, -
SDMMC2_D6,
SDMMC1_D6, DCMI_DO,
LCD_HSYNC, EVENTOUT
TIM3_CH2, TIM8_CH2,
12S3_MCK,
DFSDM1_DATIN3,
64 | 97 [G15( 116 | 139 [G15| F3 | 120 [ 139 |G15 PC7 /O |FT| - USART6_RX, FMC_NE1, -
SDMMC2_D7,
SDMMC1_D7, DCMI_D1,
LCD_G6, EVENTOUT

3
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Pinouts and pin description

3

Table 11. FMC pin definition (continued)

Pin name NOR/PSRAM/SR NOR/PSRAM NAND16 SDRAM
AM Mux
PB7 NADV NADV - -
PF6 - - - -
PF7 - - - -
PF8 - - - -
PF9 - - - -
PF10 - - - -
PG6 - - - -
PG7 - - INT -
PEO NBLO NBLO - NBLO
PE1 NBL1 NBL1 - NBL1
Pl4 NBL2 - - NBL2
PI5 NBL3 - - NBL3
PG8 - - - SDCLK
PCO - - - SDNWE
PF11 - - - SDNRAS
PG15 - - - SDNCAS
PH2 - - - SDCKEOQ
PH3 - - - SDNEO
PH6 - - - SDNE1
PH7 - - - SDCKE1
PH5 - - - SDNWE
PC2 - - - SDNEO
PC3 - - - SDCKEO
PC6 NWAIT NWAIT NWAIT -
PB5 - - - SDCKE1
PB6 - - - SDNE1
DoclD029041 Rev 4 91/255
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Memory mapping

The memory map is shown in Figure 21.

Figure 21. Memory map

OXFFFF FFFF

0xE000 0000
OXDFFF FFFF

0xD000 0000
OXCFFF FFFF

0xC000 0000
Ox9FFF FFFF

0x8000 0000
OX7FFF FFFF

0x6000 0000
OX5FFF FFFF

0x4000 0000
Ox3FFF FFFF

0x2000 0000
Ox1FFF FFFF

0x0000 0000

512-Mbyte
Block 7

Cortex-M7
Internal

peripherals

512-Mbyte
Block 6
FMC

512-Mbyte
Block 5
FMC

512-Mbyte
Block 4
Quad-SPI and
FMC bank 3

512-Mbyte
Block 3
FMC bank 1 to
bank 2

512-Mbyte
Block 2
Peripherals

512-Mbyte
Block 1
SRAM

Reserved

512-Mbyte
Block 0

SRAM2 (16 KB)

SRAM1 (368 KB)

DTCM (128 KB)

Reserved

Option Bytes

Reserved

Flash memory on AXIM interface|

Reserved

Flash memory on ITCM interface

Reserved

System memory

Reserved

ITCM RAM

0x2008 0000 - 0x3FFF FFFF
0x2007 CO00 - 0x2007 FFFF
0x2002 0000 - 0x2007 BFFF
0x2000 0000 - 0x2001 FFFF
Ox1FFF 0020 - Ox1FFF FFFF
Ox1FFF 0000 - Ox1FFF 001F
820 0000 - 0x1FFE FFFF
0x0808,0000 - 0x081F FFFF
0x0030 000Q - 0x07FF FFFF
0x0020 0000 - OXQO3F FFFF
0x0011 0000 - 0x001PEFFF
0x0010 0000 - 0x0010 ED
0x0000 4000 - 0000F FFFF

0x0000 0000 - 0x0000 3FFF

Reserved

Cortex-M7 internal
peripheral

AHB3

Reserved

AHB2

Reserved

AHB1

Reserved

APB2

Reserved

APB1

0xEO010 0000 - OxFFFF FFFF

0xE000 0000 - OXEOOF FFFF

0x6000 0000 - OXDFFF FFFF

0x5006 0C00 - OX5FFF FFFF
0x5006 OBFF

0x5000 0000
0x4008 0000 - 0x4FFF FFFF
0x4007 FFFF

0x4002 0000
0x4001 6C00 - 0x4001 FFFF
0x4001 6BFF

0x4001 0000
0x4000 8000 - 0x4000 FFFF
0x4000 7FFF

0x4000 0000

MSv39118V2
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Table 13. STM32F765xx, STM32F767xx, STM32F768Ax and STM32F769xx 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 (DMAZ2D)
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

AHBH 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

108/255
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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) | 2.09 | 214 | 219 | V
PLS[2:0]=000 (falling edge) | 1.98 | 2.04 | 2.08 | V
PLS[2:0]=001 (rising edge) | 2.23 | 2.30 | 237 | V
PLS[2:0]=001 (falling edge) | 2.13 | 2119 | 225 | V
PLS[2:0]=010 (rising edge) | 2.39 | 2.45 | 251 | V
PLS[2:0]=010 (falling edge) | 2.29 | 2.35 | 2.39 | V
PLS[2:0]=011 (rising edge) | 2.54 | 2.60 | 2.65 | V
y Programmable voltage | PLSI2:01=011 (falling edge) | 244 | 2.51 [ 256 | V
VD | detector level selection | p| 5[2:0=100 (rising edge) | 2.70 | 2.76 | 2.82 | V
PLS[2:0]=100 (falling edge) | 2.59 | 2.66 | 2.71 | V
PLS[2:0]=101 (rising edge) | 2.86 | 2.93 | 299 | V
PLS[2:0]=101 (falling edge) | 2.65 | 2.84 | 292 | V
PLS[2:0]=110 (rising edge) | 2.96 | 3.03 | 3.10 | V
PLS[2:0]=110 (falling edge) | 2.85 | 2.93 | 299 | V
PLS[2:0]=111 (rising edge) | 3.07 | 3.14 | 321 | V
PLS[2:0]=111 (falling edge) | 2.95 | 3.03 | 3.09 | V
Vpypnyst!) | PVD hysteresis - - 100 | - | mv
v Power-on/power-down | Falling edge 160 | 168 | 1.76 | V
PORIPDR | reset threshold Rising edge 164 | 172 | 180 | Vv
Vppriyst' ) | PDR hysteresis - - 40 - | mv
Brownout level 1 Falling edge 213 | 219 | 2.24 \Y,
VBOR! | threshold .
Rising edge 223 | 229|233 \Y,
Brownout level 2 Falling edge 244 | 250 | 256 | V
VBOR2 | threshold i
Rising edge 253 | 259 | 2.63 \%
Brownout level 3 Falling edge 275 | 283|283 | V
VBOR3 | threshold .
Rising edge 285 | 292 | 297 \Y,
Veorhyst' | BOR hysteresis - - 100 | - | mV
TRS(H&?"PO POR reset temporization - 05 | 1.5 | 30 | ms
InRush current on
(1) |voltage regulator power- ) )
lRusH on (POR or wakeup 160 | 250 | mA
from Standby)
InRush energy on
E (1) |voltage regulator power- | Vpp = 1.7V, To = 105 °C, ) ) 54 c
RUSH on (POR or wakeup lrusH = 171 mA for 31 ps ' H
from Standby)
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Typical and maximum current consumption

The MCU is placed under the following conditions:
e Al I/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 fc  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 < fyc k< 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, fPCLK'] = fHCLK/4’ and fPCLKZ = fHCLK/Z.
e External clock frequency is 25 MHz and PLL is ON when fyc  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 Ty= 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  For the 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(?
Symbol | Parameter Conditions fhoLk (MHz) Typ Unit
TA=25°C|Tp=85°C|Ty=105°C
216 193 2214 258(4) _
200 179 207 244 279
180 159 176 2104 238@)
Agngiﬁfg ggl)s 168 142 156 187 211
144 122 135 167 190
€0 49 55 81 103
Supply o5 23 8 ” -
o0 RCLLJ"r\:er::c?e 216 95 1074 153@ i mA
200 88 100 146 180
180 78 8s“) 1224) 147@
Allji?s,earti)rl)gg(r:gls 168 70 78 109 133
144 60 68 99 123
60 24 29 55 76
25 12 16 42 63

1. Guaranteed by characterization results, unless otherwise specified.

3
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Electrical characteristics

Table 38. Switching output I/O current consumption(!) (continued)

1/0 toggling
" Typ Typ .
Symbol Parameter Conditions frequency (fsw) Van =33V | Van=18V Unit
MHz DD = Y- DD~ !
2 0.3 0.1
8 1.0 0.5
25 3.5 1.6
Cexr =22 pF 50 5.9 42
C=Cinr+ Cs+ Cexr
60 10.0 4.4
I/O switching 84 19.12 5.8
Ibpio mA
Current 90 19.6 _
2 0.3 0.2
8 1.3 0.7
Cexr = 33 pF 25 35 2.3
C=Cinr+ Cs+ Cexr
50 10.26 5.19
60 16.53 -

1. CINT + Cg PCB board capacitance including the pad pin is estimated to15 pF.

3

On-chip peripheral current consumption

The MCU is placed under the following conditions:

At startup, all I/0 pins are in analog input configuration.
All peripherals are disabled unless otherwise mentioned.
I/0O compensation cell enabled.
The ART/L1-cache is ON.
Scale 1 mode selected, internal digital voltage V12 = 1.32 V.

HCLK is the system clock. fPCLK'] = fHCLK/4’ and fPCLKQ = fHCLK/2'

The given value is calculated by measuring the difference of current consumption
— with all peripherals clocked off
—  with only one peripheral clocked on

—  fycLk = 216 MHz (Scale 1 + over-drive ON), fyc k = 168 MHz (Scale 2),
fucLk = 144 MHz (Scale 3)

Ambient operating temperature is 25 °C and Vpp=3.3 V.
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Table 52. MIPI D-PHY AC characteristics LP mode and HS/LP
transitions(!) (continued)

Symbol

Parameter

Conditions

Min

Typ

Max

Unit

Tcik-PosT

Time that the transmitter
continues to send HS clock
after the last associated Data
Lane has transitioned to LP
Mode.

62+52*Ul

TeLk-TRAIL

Time that the transmitter drives
the HS-0 state after the last
payload clock bit of an HS
transmission burst.

60

THs-PREPARE

Time that the transmitter drives
the Data Lane LP-00 Line state
immediately before the HS-0
Line state starting the HS
transmission.

40+4*UI

85+6™UI

THS-PREPARE
+

Ths-zErRO

THS-PREPARE+ Time that the
transmitter drives the HS-0
state prior to transmitting the
Sync sequence.

145+10*Ul

ns

THs-TRAIL

Time that the transmitter drives
the flipped differential state
after last payload data bit of a
HS transmission burst.

Max
(n*8*UlI,
60+n*4*Ul)

Ths-ExIT

Time that the transmitter drives
LP-11 following a HS burst.

100

TreoT

30%-85% rise time and fall time

35

Teor

Transmitted time interval from
the start of THS-TRA|L or
TCLK-TRA|L' to the start of the
LP-11 state following a HS
burst.

105+
n*12Ul

Guaranteed based on test during characterization.

DoclD029041 Rev 4

153/255




Electrical characteristics STM32F765xx STM32F767xx STM32F768Ax STM32F769xx

5.3.21 NRST pin characteristics

The NRST pin input driver uses CMOS technology. It is connected to a permanent pull-up
resistor, Rp (see Table 65: I/O static characteristics).

Unless otherwise specified, the parameters given in Table 68 are derived from tests
performed under the ambient temperature and Vpp supply voltage conditions summarized

in Table 17.
Table 68. NRST pin characteristics
Symbol Parameter Conditions Min Typ Max Unit
Rpy Weak pull-up equivalent resistor(") ViN=Vss 30 40 50 kQ
VF(NRST)(Z) NRST Input filtered pulse - - - 100 ns
VnenrsT)? [NRST Input not filtered pulse Vpp > 2.7V 300 - - ns
TnrsT out | Generated reset pulse duration Internal Reset source 20 - - VE

1. The pull-up is designed with a true resistance in series with a switchable PMOS. This PMOS contribution to the series
resistance must be minimum (~10% order).

2. Guaranteed by design.

Figure 40. Recommended NRST pin protection

\Y
External =
reset circuit (1)
- SR NRST() RPU Internal Reset
K \ Fiter |——m>
: b I0.1 uF
T = K STM32F
ai14132c

1. The reset network protects the device against parasitic resets.

2. The user must ensure that the level on the NRST pin can go below the V) (yrsT) Max level specified in
Table 68. Otherwise the reset is not taken into account by the device.

3
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The SDA and SCL 1/O requirements are met with the following restrictions:

e The SDA and SCL I/O pins are not “true” open-drain. When configured as open-drain,
the PMOS connected between the I/0 pin and Vpp is disabled, but is still present.

e  The 20mA output drive requirement in Fast-mode Plus is not supported. This limits the
maximum load Cload supported in Fm+, which is given by these formulas:

Tr(SDA/SCL)=0.8473xRpXCjoaq
Rp(min)= (VDD-Vg| (max))/lo (max)

Where Rp is the 12C lines pull-up. Refer to Section 5.3.20: I/O port characteristics for the
I2C 1/Os characteristics.

All I>C SDA and SCL 1/0s embed an analog filter. Refer to Table 84 for the analog filter
characteristics:

Table 84. 12C analog filter characteristics(")

Symbol Parameter Min Max Unit
tar Maximum pulse width of spikes .that 50(2) 70G) ns
are suppressed by the analog filter
1. Guaranteed by characterization results.
2. Spikes with widths below tar(min) are filtered.
3. Spikes with widths above tar(may) are not filtered.
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I2S interface characteristics

Unless otherwise specified, the parameters given in Table 86 for the I2S interface are
derived from tests performed under the ambient temperature, o ky frequency and Vpp
supply voltage conditions summarized in Table 17, with the following configuration:

e  Output speed is set to OSPEEDRy[1:0] = 10
e Capacitive load C = 30 pF
e  Measurement points are done at CMOS levels: 0.5Vpp

Refer to Section 5.3.20: /O port characteristics for more details on the input/output alternate
function characteristics (CK, SD, WS).

Table 86. I°S dynamic characteristics(!

Symbol Parameter Conditions Min Max Unit
fack 12S Main clock output - 256x8K | 256xFs® | MHz
Master data - 64xFs
fek I2S clock frequency MHz
Slave data - 64xFs
Dck 12S clock frequency duty cycle | Slave receiver 30 70 %
tyws) WS valid time Master mode - 3
thows) WS hold time Master mode 0 -
tsuws) WS setup time Slave mode 5 -
thws) WS hold time Slave mode 2 -
t Master receiver 25 -
SU(SD_MR) Data input setup time
tsu(sb_sRr) Slave receiver 25 -
= ns
t Master receiver 3.5 -
h(SD_MR) Data input hold time
th(SD_SR) Slave receiver 2 -
tysp_sT) Slave transmitter (after enable edge) - 12
= Data output valid time
ty(sp_mT) Master transmitter (after enable edge) - 3
thsb s Slave transmitter (after enable edge) 5 -
h(SD_ST) Data output hold time
thisp_mT) Master transmitter (after enable edge) 0 -

1. Guaranteed by characterization results.

2. The maximum value of 256xFs is 49.152 MHz (APB1 maximum frequency).

Note:

3

Refer to RM0410 reference manual 12S section for more details about the sampling
frequency (Fs). fyck, fok, @and Doy values reflect only the digital peripheral behavior. The
values of these parameters might be slightly impacted by the source clock precision. Dgy
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 (12SDIV+0ODD)/(2*12SDIV+0ODD). Fg
maximum value is supported for each mode/condition.
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JATG/SWD characteristics

Unless otherwise specified, the parameters given in Table 87 for JTAG/SWD are derived
from tests performed under the ambient temperature, f ¢  frequency and VDD supply
voltage conditions summarized in Table 17, with the following configuration:

e  Output speed is set to OSPEEDRy[1:0] = 10
e Capacitive load C=30 pF
e Measurement points are performed at CMOS levels: 0.5Vpp

Refer to Section 5.3.20: /O port characteristics for more details on the input/output alternate
function characteristics (SCK,SD,WS).

Table 87. Dynamics characteristics: JTAG characteristics

Symbol Parameter Conditions Min Typ Max Unit
Fop 2.7V <VDD< 3.6V - - 40
MHz
TCK clock frequenc
1he(rek) Y - - 35

1.71 <VDD< 3.6V

tw(TCKH)
SCK high and low time - Tocik- 1| Teolk | Troik + 1
tw(rek)
tsuTms) TMS input setup time - 3 ) i
th(tms) TMS input hold time - 0 ) i
tsu(toi TDI input setup time - 0.5 - - ns
th(tDI) TDI input hold time - 2 i ]
2.7V <VDD< 3.6V - 9 11

tov (tpo) | TDO output valid time

1.71 <VDD< 3.6V

ton(TDO) TDO output hold time - 75 ) i
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Figure 54. SAl slave timing waveforms

1sck .

tsu(SD_SR) #—pe—>; th(SD_SR)

(receive)
:
i

SAI_SCK_X : \ ! ; ! )
tw(CKH_X) 4——>—— tw(CKL_X) E 5 - »in(Fs)
SAI_FS_X - ; : 5 /
(input) tsu(FS) —» ty(SD_ST) 4—» «—»ith(SD_ST)

(St;/-:r;ssrz;)x X X Slogtn X X Slot n+2 X:
et SR G G200 GH G G

MS32772V1

USB OTG full speed (FS) characteristics
This interface is present in both the USB OTG HS and USB OTG FS controllers.

Table 90. USB OTG full speed startup time

Symbol Parameter Max Unit
tsTARTUp(1) USB OTG full speed transceiver startup time 1 us
1. Guaranteed by design.
Table 91. USB OTG full speed DC electrical characteristics
Symbol Parameter Conditions N(I:? Typ. M(?)X Unit
USB OTG full speed
Vppusg | transceiver operating - 3.00 | - 36 | V
voltage
Input Vp® | Differential input sensitivity IfJUSSBBT_'FSS—g;g)I% 0.2 - -
levels . . —
VCM<3) Differential common mode Includes Vi, range 08 ) 25 Vv
range
@3) | Single ended receiver ) )
VsE™ |ihreshold 13 20
Output| VoL |Static output level low R of1.5kQt03.6 VI | - ol L
levels | v, |Sstatic output level high R of 15kQtoVgs® | 28 | - | 36
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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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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.

3
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