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Welcome to E-XFL.COM

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"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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Product Status Active

Core Processor ARM® Cortex®-M7

Core Size 32-Bit Single-Core

Speed 216MHz

Connectivity CANbus, EBI/EMI, Ethernet, I²C, IrDA, LINbus, MMC/SD/SDIO, QSPI, SAI, SPDIF, SPI, UART/USART, USB
OTG

Peripherals Brown-out Detect/Reset, DMA, I²S, POR, PWM, WDT

Number of I/O 114

Program Memory Size 1MB (1M x 8)

Program Memory Type FLASH

EEPROM Size -

RAM Size 512K x 8

Voltage - Supply
(Vcc/Vdd) 1.7V ~ 3.6V

Data Converters A/D 24x12b; D/A 2x12b

Oscillator Type Internal

Operating Temperature -40°C ~ 85°C (TA)

Mounting Type Surface Mount

Package / Case 144-LQFP

Supplier Device Package 144-LQFP (20x20)
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Chrom-ART Accelerator™ 
(DMA2D) Yes

JPEG codec No Yes No Yes No Yes No Yes No Yes

GPIOs 82 114 129 140 132 168 159 168 159

DFSDM1 Yes (4 filters)

12-bit ADC

Number of channels

3

16 24

12-bit DAC 
Number of channels

Yes
2

Maximum CPU frequency 216 MHz(5)

Operating voltage 1.7 to 3.6 V(6)

Operating temperatures
Ambient temperatures: –40 to +85 °C /–40 to +105 °C

Junction temperature: –40 to + 125 °C

Package LQFP100 LQFP144 WLCSP180 UFBGA176(7) 
LQFP176 LQFP208 TFBGA216

1. For the LQFP100 package, only FMC Bank1 is available. Bank1 can only support a multiplexed NOR/PSRAM memory using the NE1 Chip Select.

2. The SPI1, SPI2 and SPI3 interfaces give the flexibility to work in an exclusive way in either the SPI mode or the I2S audio mode.

3. SDMMC2 supports a dedicated power rail for clock, command and data 0..4 lines, feature available starting from 144 pin package.

4. DSI host interface is only available on STM32F769x sales types.

5. 216 MHz maximum frequency for - 40°C to + 85°C ambient temperature range (200 MHz maximum frequency for - 40°C to + 105°C ambient temperature range).

6. VDD/VDDA minimum value of 1.7 V is obtained when the internal reset is OFF (refer to Section 2.18.2: Internal reset OFF). 

7. UFBGA176 is not available for STM32F769x sales types.

Table 2. STM32F765xx, STM32F767xx, STM32F768Ax and STM32F769xx features and
peripheral counts (continued)

Peripherals STM32F
765Vx

STM32F767
/769Vx

STM32F
765Zx

STM32F767
/769Zx

STM32F
769Ax

STM32F
768Ax

STM32F
765Ix

STM32F767
/769Ix

STM32F
765Bx

STM32F767
/769Bx

STM32F
765Nx

STM32F767
/769Nx
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Table 6. Timer feature comparison 

Timer 
type Timer Counter 

resolution
Counter 

type
Prescaler 

factor

DMA 
request 

generation

Capture/
compare 
channels

Complem
entary 
output

Max 
interface 

clock 
(MHz)

Max 
timer 
clock 

(MHz)(1)

Advanced
-control

TIM1, 
TIM8 16-bit

Up, 
Down, 

Up/down

Any 
integer 

between 1 
and 65536

Yes 4 Yes 108 216

General 
purpose

TIM2, 
TIM5 32-bit

Up, 
Down, 

Up/down

Any 
integer 

between 1 
and 65536

Yes 4 No 54 108/216

TIM3, 
TIM4 16-bit

Up, 
Down, 

Up/down

Any 
integer 

between 1 
and 65536

Yes 4 No 54 108/216

TIM9 16-bit Up

Any 
integer 

between 1 
and 65536

No 2 No 108 216

TIM10, 
TIM11 16-bit Up

Any 
integer 

between 1 
and 65536

No 1 No 108 216

TIM12 16-bit Up

Any 
integer 

between 1 
and 65536

No 2 No 54 108/216

TIM13, 
TIM14 16-bit Up

Any 
integer 

between 1 
and 65536

No 1 No 54 108/216

Basic TIM6, 
TIM7 16-bit Up

Any 
integer 

between 1 
and 65536

Yes 0 No 54 108/216

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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2.31 SD/SDIO/MMC card host interface (SDMMC)
SDMMC host interfaces are available, that support the MultiMediaCard System 
Specification Version 4.2 in three different databus modes: 1-bit (default), 4-bit and 8-bit.

The interface allows data transfer at up to 50 MHz, and is compliant with the SD Memory 
Card Specification Version 2.0.

The SDMMC Card Specification Version 2.0 is also supported with two different databus 
modes: 1-bit (default) and 4-bit.

The current version supports only one SD/SDMMC/MMC4.2 card at any one time and a 
stack of MMC4.1 or previous.

The SDMMC can be served by the DMA controller

2.32 Ethernet MAC interface with dedicated DMA and IEEE 1588 
support
The devices provide an IEEE-802.3-2002-compliant media access controller (MAC) for 
ethernet LAN communications through an industry-standard medium-independent interface 
(MII) or a reduced medium-independent interface (RMII). The microcontroller requires an 
external physical interface device (PHY) to connect to the physical LAN bus (twisted-pair, 
fiber, etc.). The PHY is connected to the device MII port using 17 signals for MII or 9 signals 
for RMII, and can be clocked using the 25 MHz (MII) from the microcontroller.

The devices include the following features:
• Supports 10 and 100 Mbit/s rates
• Dedicated DMA controller allowing high-speed transfers between the dedicated SRAM 

and the descriptors
• Tagged MAC frame support (VLAN support)
• Half-duplex (CSMA/CD) and full-duplex operation
• MAC control sublayer (control frames) support
• 32-bit CRC generation and removal
• Several address filtering modes for physical and multicast address (multicast and 

group addresses)
• 32-bit status code for each transmitted or received frame
• Internal FIFOs to buffer transmit and receive frames. The transmit FIFO and the 

receive FIFO are both 2 Kbytes.
• Supports hardware PTP (precision time protocol) in accordance with IEEE 1588 2008 

(PTP V2) with the time stamp comparator connected to the TIM2 input
• Triggers interrupt when system time becomes greater than target time
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• Software configurable to OTG1.3 and OTG2.0 modes of operation
• USB 2.0 LPM (Link Power Management) support
• Battery Charging Specification Revision 1.2 support
• Internal FS OTG PHY support 
• 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.

• Internal USB DMA
• HNP/SNP/IP inside (no need for any external resistor)
• for OTG/Host modes, a power switch is needed in case bus-powered devices are 

connected

2.36 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.

2.37 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:
• Programmable polarity for the input pixel clock and synchronization signals
• Parallel data communication can be 8-, 10-, 12- or 14-bit
• 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)
• Supports continuous mode or snapshot (a single frame) mode
• Capability to automatically crop the image
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81 114 B12 142 164 B12 A4 142 164 B12 PD0 I/O FT -

DFSDM1_CKIN6, 
DFSDM1_DATIN7, 

UART4_RX, CAN1_RX, 
FMC_D2, EVENTOUT

-

82 115 C12 143 165 C12 D5 143 165 C12 PD1 I/O FT -

DFSDM1_DATIN6, 
DFSDM1_CKIN7, 

UART4_TX, CAN1_TX, 
FMC_D3, EVENTOUT

--

83 116 D12 144 166 D12 D6 144 166 D12 PD2 I/O FT -

TRACED2, TIM3_ETR, 
UART5_RX, 

SDMMC1_CMD, 
DCMI_D11, EVENTOUT

-

84 117 D11 145 167 C11 B5 145 167 C11 PD3 I/O FT -

DFSDM1_CKOUT, 
SPI2_SCK/I2S2_CK, 
DFSDM1_DATIN0, 

USART2_CTS, FMC_CLK, 
DCMI_D5, LCD_G7, 

EVENTOUT

-

85 118 D10 146 168 D11 A5 146 168 D11 PD4 I/O FT -
DFSDM1_CKIN0, 

USART2_RTS, FMC_NOE, 
EVENTOUT

-

86 119 C11 147 169 C10 C5 147 169 C10 PD5 I/O FT - USART2_TX, FMC_NWE, 
EVENTOUT -

- 120 D8 148 170 F8 B6 148 170 F8 VSS S - - - -

- 121 C8 149 171 E9 A6 149 171 E9 VDDSDM
MC S - - - -

87 122 B11 150 172 B11 E6 150 172 B11 PD6 I/O FT -

DFSDM1_CKIN4, 
SPI3_MOSI/I2S3_SD, 

SAI1_SD_A, USART2_RX, 
DFSDM1_DATIN1, 

SDMMC2_CK, 
FMC_NWAIT, DCMI_D10, 

LCD_B2, EVENTOUT

-

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

Pin Number
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ty
pe

I/O
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N
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es Alternate functions Additional 
functions

STM32F765xx
STM32F767xx

STM32F768Ax
STM32F769xx
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0
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6
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91 135 A6 163 194 A8 A9 163 194 A8 PB5 I/O FT -

UART5_RX, TIM3_CH2, 
I2C1_SMBA, 

SPI1_MOSI/I2S1_SD, 
SPI3_MOSI/I2S3_SD, 

SPI6_MOSI, CAN2_RX, 
OTG_HS_ULPI_D7, 

ETH_PPS_OUT, 
FMC_SDCKE1, 

DCMI_D10, LCD_G7, 
EVENTOUT

-

92 136 B6 164 195 B6 B9 164 195 B6 PB6 I/O FT -

UART5_TX, TIM4_CH1, 
HDMI_CEC, I2C1_SCL, 

DFSDM1_DATIN5, 
USART1_TX, CAN2_TX, 

QUADSPI_BK1_NCS, 
I2C4_SCL, FMC_SDNE1, 

DCMI_D5, EVENTOUT

-

93 137 B5 165 196 B5 C8 165 196 B5 PB7 I/O FT -

TIM4_CH2, I2C1_SDA, 
DFSDM1_CKIN5, 

USART1_RX, I2C4_SDA, 
FMC_NL, DCMI_VSYNC, 

EVENTOUT

-

94 138 D6 166 197 E6 A10 166 197 E6 BOOT0 I B - - VPP

95 139 A5 167 198 A7 E9 167 198 A7 PB8 I/O FT -

I2C4_SCL, TIM4_CH3, 
TIM10_CH1, I2C1_SCL, 

DFSDM1_CKIN7, 
UART5_RX, CAN1_RX, 

SDMMC2_D4, 
ETH_MII_TXD3, 

SDMMC1_D4, DCMI_D6, 
LCD_B6, EVENTOUT

-

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

Pin Number
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PE11 D8 DA8 D8 D8

PE12 D9 DA9 D9 D9

PE13 D10 DA10 D10 D10

PE14 D11 DA11 D11 D11

PE15 D12 DA12 D12 D12

PD8 D13 DA13 D13 D13

PD9 D14 DA14 D14 D14

PD10 D15 DA15 D15 D15

PH8 D16 - - D16

PH9 D17 - - D17

PH10 D18 - - D18

PH11 D19 - - D19

PH12 D20 - - D20

PH13 D21 - - D21

PH14 D22 - - D22

PH15 D23 - - D23

PI0 D24 - - D24

PI1 D25 - - D25

PI2 D26 - - D26

PI3 D27 - - D27

PI6 D28 - - D28

PI7 D29 - - D29

PI9 D30 - - D30

PI10 D31 - - D31

PD7 NE1 NE1 - -

PG6 NE3 - - -

PG9 NE2 NE2 NCE -

PG10 NE3 NE3 - -

PG11 - - - -

PG12 NE4 NE4 - -

PD3 CLK CLK - -

PD4 NOE NOE NOE -

PD5 NWE NWE NWE -

PD6 NWAIT NWAIT NWAIT -

Table 11. FMC pin definition (continued)

Pin name NOR/PSRAM/SR
AM

NOR/PSRAM 
Mux NAND16 SDRAM
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Table 12. STM32F765xx, STM32F767xx, STM32F768Ax and STM32F769xx alternate
function mapping 

Port

AF0 AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15

SYS
I2C4/UA
RT5/TIM

1/2
TIM3/4/5

TIM8/9/10/
11/LPTIM
1/DFSDM

1/CEC

I2C1/2/3/
4/USART

1/CEC

SPI1/I2S
1/SPI2/I2
S2/SPI3/
I2S3/SPI

4/5/6

SPI2/I2S
2/SPI3/I2
S3/SAI1/
I2C4/UA
RT4/DF
SDM1

SPI2/I2S
2/SPI3/I2
S3/SPI6/
USART1/
2/3/UART
5/DFSDM
1/SPDIF

SPI6/SAI
2/USART
6/UART4/
5/7/8/OT
G_FS/SP

DIF

CAN1/2/T
IM12/13/
14/QUAD
SPI/FMC/

LCD

SAI2/QU
ADSPI/S

DMMC2/D
FSDM1/O
TG2_HS/
OTG1_FS

/LCD

I2C4/CAN
3/SDMM
C2/ETH

UART7/
FMC/SD
MMC1/M
DIOS/OT
G2_FS

DCMI/L
CD/DSI LCD SYS

Port A

PA0 -
TIM2_C
H1/TIM2

_ETR

TIM5_C
H1

TIM8_ET
R - - - USART2

_CTS
UART4_ 

TX - SAI2_SD_
B

ETH_MII_
CRS - - - EVEN

TOUT

PA1 - TIM2_C
H2

TIM5_C
H2 - - - - USART2

_RTS
UART4_

RX

QUADSP
I_BK1_IO

3

SAI2_MC
K_B

ETH_MII_
RX_CLK/
ETH_RMI
I_REF_C

LK

- - LCD_R2 EVEN
TOUT

PA2 - TIM2_C
H3

TIM5_C
H3

TIM9_CH
1 - - - USART2

_TX
SAI2_SC

K_B - - ETH_MDI
O

MDIOS_
MDIO - LCD_R1 EVEN

TOUT

PA3 - TIM2_C
H4

TIM5_C
H4

TIM9_CH
2 - - - USART2

_RX - LCD_B2 OTG_HS_
ULPI_D0

ETH_MII_
COL - - LCD_B5 EVEN

TOUT

PA4 - - - - -
SPI1_NS
S/I2S1_

WS

SPI3_NS
S/I2S3_

WS

USART2
_CK

SPI6_NS
S - - - OTG_HS

_SOF
DCMI_H
SYNC

LCD_VS
YNC

EVEN
TOUT

PA5 -
TIM2_C
H1/TIM2

_ETR
- TIM8_CH

1N -
SPI1_SC
K/I2S1_

CK
- - SPI6_SC

K - OTG_HS_
ULPI_CK - - - LCD_R4 EVEN

TOUT

PA6 - TIM1_B
KIN

TIM3_C
H1

TIM8_BKI
N - SPI1_MI

SO - - SPI6_MI
SO

TIM13_C
H1 - - MDIOS_

MDC
DCMI_PI

XCLK LCD_G2 EVEN
TOUT

PA7 - TIM1_C
H1N

TIM3_C
H2

TIM8_CH
1N -

SPI1_M
OSI/I2S1

_SD
- - SPI6_MO

SI
TIM14_C

H1 -

ETH_MII_
RX_DV/E
TH_RMII_
CRS_DV

FMC_SD
NWE - - EVEN

TOUT

PA8 MCO1 TIM1_C
H1 - TIM8_BKI

N2
I2C3_SC

L - - USART1
_CK - - OTG_FS_

SOF
CAN3_R

X
UART7_

RX LCD_B3 LCD_R6 EVEN
TOUT

PA9 - TIM1_C
H2 - - I2C3_SM

BA

SPI2_SC
K/I2S2_

CK
- USART1

_TX - - - - - DCMI_D
0 LCD_R5 EVEN

TOUT

PA10 - TIM1_C
H3 - - - - - USART1

_RX - LCD_B4 OTG_FS_
ID - MDIOS_

MDIO
DCMI_D

1 LCD_B1 EVEN
TOUT
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Port A

PA11 - TIM1_C
H4 - - -

SPI2_NS
S/I2S2_

WS

UART4_
RX

USART1
_CTS - CAN1_R

X
OTG_FS_

DM - - - LCD_R4 EVEN
TOUT

PA12 - TIM1_ET
R - - -

SPI2_SC
K/I2S2_

CK

UART4_
TX

USART1
_RTS

SAI2_FS
_B

CAN1_T
X

OTG_FS_
DP - - - LCD_R5 EVEN

TOUT

PA13 JTMS-
SWDIO - - - - - - - - - - - - - - EVEN

TOUT

PA14 JTCK-
SWCLK - - - - - - - - - - - - - - EVEN

TOUT

PA15 JTDI
TIM2_C
H1/TIM2

_ETR
- - HDMI-

CEC

SPI1_NS
S/I2S1_

WS

SPI3_NS
S/I2S3_

WS

SPI6_NS
S

UART4_
RTS - - CAN3_TX UART7_

TX - - EVEN
TOUT

Port B

PB0 - TIM1_C
H2N

TIM3_C
H3

TIM8_CH
2N - - DFSDM1

_CKOUT - UART4_
CTS LCD_R3 OTG_HS_

ULPI_D1
ETH_MII_

RXD2 - - LCD_G1 EVEN
TOUT

PB1 - TIM1_C
H3N

TIM3_C
H4

TIM8_CH
3N - - DFSDM1

_DATIN1 - - LCD_R6 OTG_HS_
ULPI_D2

ETH_MII_
RXD3 - - LCD_G0 EVEN

TOUT

PB2 - - - - - - SAI1_SD
_A

SPI3_MO
SI/I2S3_

SD

QUADSP
I_CLK

DFSDM1_
CKIN1 - - - - EVEN

TOUT

PB3
JTDO/T
RACES

WO

TIM2_C
H2 - - -

SPI1_SC
K/I2S1_

CK

SPI3_SC
K/I2S3_

CK
- SPI6_SC

K - SDMMC2
_D2

CAN3_R
X

UART7_
RX - - EVEN

TOUT

PB4 NJTRST - TIM3_C
H1 - - SPI1_MI

SO
SPI3_MI

SO

SPI2_NS
S/I2S2_

WS

SPI6_MI
SO - SDMMC2

_D3 CAN3_TX UART7_
TX - - EVEN

TOUT

PB5 - UART5_
RX

TIM3_C
H2 - I2C1_SM

BA

SPI1_M
OSI/I2S1

_SD

SPI3_M
OSI/I2S3

_SD
- SPI6_MO

SI
CAN2_R

X
OTG_HS_
ULPI_D7

ETH_PPS
_OUT

FMC_SD
CKE1

DCMI_D
10 LCD_G7 EVEN

TOUT

PB6 - UART5_
TX

TIM4_C
H1

HDMI-
CEC

I2C1_SC
L - DFSDM1

_DATIN5
USART1

_TX - CAN2_T
X

QUADSPI
_BK1_NC

S

I2C4_SC
L

FMC_SD
NE1

DCMI_D
5 - EVEN

TOUT

Table 12. STM32F765xx, STM32F767xx, STM32F768Ax and STM32F769xx alternate
function mapping (continued)

Port

AF0 AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15

SYS
I2C4/UA
RT5/TIM

1/2
TIM3/4/5

TIM8/9/10/
11/LPTIM
1/DFSDM

1/CEC

I2C1/2/3/
4/USART

1/CEC

SPI1/I2S
1/SPI2/I2
S2/SPI3/
I2S3/SPI

4/5/6

SPI2/I2S
2/SPI3/I2
S3/SAI1/
I2C4/UA
RT4/DF
SDM1

SPI2/I2S
2/SPI3/I2
S3/SPI6/
USART1/
2/3/UART
5/DFSDM
1/SPDIF

SPI6/SAI
2/USART
6/UART4/
5/7/8/OT
G_FS/SP

DIF

CAN1/2/T
IM12/13/
14/QUAD
SPI/FMC/

LCD

SAI2/QU
ADSPI/S

DMMC2/D
FSDM1/O
TG2_HS/
OTG1_FS

/LCD

I2C4/CAN
3/SDMM
C2/ETH

UART7/
FMC/SD
MMC1/M
DIOS/OT
G2_FS

DCMI/L
CD/DSI LCD SYS
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Table 48. PLLI2S characteristics 
Symbol Parameter Conditions Min Typ Max Unit

fPLLI2S_IN PLLI2S input clock(1) - 0.95(2) 1 2.10

MHz

fPLLI2SP_OUT
PLLI2S multiplier output clock for 
SPDIFRX - - - 216

fPLLI2SQ_OUT
PLLI2S multiplier output clock for 
SAI - - - 216

fPLLI2SR_OUT
PLLI2S multiplier output clock for 
I2S - - - 216

fVCO_OUT PLLI2S VCO output - 100 - 432

tLOCK PLLI2S lock time
VCO freq = 192 MHz 75 - 200

μs
VCO freq = 432 MHz 100 - 300

Jitter(3)
Master I2S clock jitter

Cycle to cycle at 
12.288 MHz on 
48KHz period, 
N=432, R=5

RMS - 90 -

 peak 
to 

peak
-  ±280 - ps

Average frequency of 
12.288 MHz 
N = 432, R = 5
on 1000 samples

- 90 - ps

WS I2S clock jitter
Cycle to cycle at 48 KHz
on 1000 samples

- 400 - ps

IDD(PLLI2S)
(4) PLLI2S power consumption on 

VDD

VCO freq = 192 MHz
VCO freq = 432 MHz

0.15
0.45

-
0.40
0.75

mA

IDDA(PLLI2S)
(4) PLLI2S power consumption on 

VDDA

VCO freq = 192 MHz
VCO freq = 432 MHz

0.30
0.55

-
0.40
0.85

mA

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

2. Guaranteed by design.

3. Value given with main PLL running.

4. Guaranteed by characterization results.

Table 49. PLLISAI characteristics 
Symbol Parameter Conditions Min Typ Max Unit

fPLLSAI_IN PLLSAI input clock(1) - 0.95(2) 1 2.10

MHz

fPLLSAIP_OUT
PLLSAI multiplier output clock 
for 48 MHz - - 48 75

fPLLSAIQ_OUT
PLLSAI multiplier output clock 
for SAI - - - 216

fPLLSAIR_OUT
PLLSAI multiplier output clock 
for LCD-TFT - - - 216

fVCO_OUT PLLSAI VCO output - 100 - 432
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Unless otherwise specified, the parameters given in Table 67 are derived from tests 
performed under the ambient temperature and VDD supply voltage conditions summarized 
in Table 17.

          

Table 67. I/O AC characteristics(1)(2) 
OSPEEDRy

[1:0] bit 
value(1)

Symbol Parameter Conditions Min Typ Max Unit

00

fmax(IO)out Maximum frequency(3)

CL = 50 pF, VDD ≥ 2.7 V - - 4

MHz

CL = 50 pF, VDD ≥ 1.7 V - - 2

CL = 10 pF, VDD ≥ 2.7 V - - 8

CL = 10 pF, VDD ≥ 1.8 V - - 4

CL = 10 pF, VDD ≥ 1.7 V - - 3

tf(IO)out/
tr(IO)out

Output high to low level fall 
time and output low to high 
level rise time

CL = 50 pF, VDD = 1.7 V to 
3.6 V - - 100 ns

01

fmax(IO)out Maximum frequency(3)

CL = 50 pF, VDD≥ 2.7 V - - 25

MHz

CL = 50 pF, VDD≥ 1.8 V - - 12.5

CL = 50 pF, VDD≥ 1.7 V - - 10

CL = 10 pF, VDD ≥ 2.7 V - - 50

CL = 10 pF, VDD≥ 1.8 V - - 20

CL = 10 pF, VDD≥ 1.7 V - - 12.5

tf(IO)out/
tr(IO)out

Output high to low level fall 
time and output low to high 
level rise time

CL = 50 pF, VDD ≥ 2.7 V - - 10

ns
CL = 10 pF, VDD ≥ 2.7 V - - 6

CL = 50 pF, VDD ≥ 1.7 V - - 20

CL = 10 pF, VDD ≥ 1.7 V - - 10

10

fmax(IO)out Maximum frequency(3)

CL = 40 pF, VDD ≥ 2.7 V - - 50(4)

MHz

CL = 10 pF, VDD ≥ 2.7 V - - 100(4)

CL = 40 pF, VDD ≥ 1.7 V - - 25

CL = 10 pF, VDD ≥ 1.8 V - - 50

CL = 10 pF, VDD ≥ 1.7 V - - 42.5

tf(IO)out/
tr(IO)out

Output high to low level fall 
time and output low to high 
level rise time

CL = 40 pF, VDD ≥2.7 V - - 6

ns
CL = 10 pF, VDD ≥ 2.7 V - - 4

CL = 40 pF, VDD ≥ 1.7 V - - 10

CL = 10 pF, VDD ≥ 1.7 V - - 6
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General PCB design guidelines

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

Figure 43. Power supply and reference decoupling (VREF+ not connected to VDDA)

1. VREF+ input is available on all package whereas the VREF– s available only on UFBGA176 and TFBGA216. 
When VREF- is not available, it isinternally connected to VDDA and VSSA.

Figure 44. Power supply and reference decoupling (VREF+ connected to VDDA)

1. VREF+ input is available on all package whereas the VREF– s available only on UFBGA176 and TFBGA216. 
When VREF- is not available, it isinternally connected to VDDA and VSSA.
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5.3.28 DAC electrical characteristics
          

TCoeff
(2) Temperature coefficient - - 30 50 ppm/°C

tSTART
(2) Startup time - - 6 10 μs

1. Shortest sampling time can be determined in the application by multiple iterations.

2. Guaranteed by design.

Table 80.  internal reference voltage (continued)

Symbol Parameter Conditions Min Typ Max Unit

Table 81. Internal reference voltage calibration values
Symbol Parameter Memory address

VREFIN_CAL Raw data acquired at temperature of 30 °C VDDA = 3.3 V 0x1FF0 F44A - 0x1FF0 F44B

Table 82. DAC characteristics 
Symbol Parameter Min Typ Max Unit Comments

VDDA Analog supply voltage 1.7(1) - 3.6 V -

VREF+ Reference supply voltage 1.7(1) - 3.6 V VREF+ ≤ VDDA

VSSA Ground 0 - 0 V -

RLOAD
(2) Resistive load with buffer ON 5 - - kΩ -

RO
(2) Impedance output with buffer 

OFF - - 15 kΩ
When the buffer is OFF, the Minimum 
resistive load between DAC_OUT and 
VSS to have a 1% accuracy is 1.5 MΩ

CLOAD
(2) Capacitive load - - 50 pF Maximum capacitive load at DAC_OUT 

pin (when the buffer is ON).

DAC_OUT 
min(2)

Lower DAC_OUT voltage 
with buffer ON 0.2 - - V

It gives the maximum output excursion of 
the DAC.
It corresponds to 12-bit input code 
(0x0E0) to (0xF1C) at VREF+ = 3.6 V and 
(0x1C7) to (0xE38) at VREF+ = 1.7 V

DAC_OUT 
max(2)

Higher DAC_OUT voltage 
with buffer ON - - VDDA  

0.2 V

DAC_OUT 
min(2)

Lower DAC_OUT voltage 
with buffer OFF - 0.5 - mV

It gives the maximum output excursion of 
the DAC.DAC_OUT 

max(2)
Higher DAC_OUT voltage 
with buffer OFF - - VREF+  

1LSB V

IVREF+
(4)

DAC DC VREF current 
consumption in quiescent 
mode (Standby mode)

- 170 240

μA

With no load, worst code (0x800) at 
VREF+ = 3.6 V in terms of DC 
consumption on the inputs

- 50 75
With no load, worst code (0xF1C) at 
VREF+ = 3.6 V in terms of DC 
consumption on the inputs
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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, fHCLK frequency and VDD supply 
voltage conditions summarized in Table 17, with the following configuration:
• Output speed is set to OSPEEDRy[1:0] = 10
• Capacitive load C=30 pF
• Measurement points are performed at CMOS levels: 0.5VDD

Refer to Section 5.3.20: I/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

Fpp

TCK clock frequency

2.7V <VDD< 3.6V - - 40

MHz
1/tc(TCK) 1.71 <VDD< 3.6V

- - 35

tw(TCKH)
SCK high and   low time - TPCLK − 1 TPCLK TPCLK + 1

ns

tw(TCKL)

tsu(TMS) TMS input setup time - 3 - -

th(TMS) TMS input hold time - 0 - -

tsu(TDI) TDI input setup time - 0.5 - -

th(TDI) TDI input hold time - 2 - -

tov (TDO) TDO output valid time 

2.7V <VDD< 3.6V - 9 11

1.71 <VDD< 3.6V
- 9 13

toh(TDO) TDO output hold time - 7.5 - -
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Refer to Section 5.3.20: I/O port characteristics for more details on the input/output 
characteristics.

Asynchronous waveforms and timings

Figure 61 through Figure 64 represent asynchronous waveforms and Table 100 through 
Table 107 provide the corresponding timings. The results shown in these tables are 
obtained with the following FMC configuration:
• AddressSetupTime = 0x1
• AddressHoldTime = 0x1
• DataSetupTime = 0x1 (except for asynchronous NWAIT mode , DataSetupTime = 0x5)
• BusTurnAroundDuration = 0x0
• Capcitive load CL = 30 pF

In all timing tables, the THCLK is the HCLK clock period

Figure 61. Asynchronous non-multiplexed SRAM/PSRAM/NOR read waveforms

1. Mode 2/B, C and D only. In Mode 1, FMC_NADV is not used.
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tw(CKH) Quad-SPI clock high and 
low time -

t(CK)/2 - 1 - t(CK)/2

ns

tw(CKL) t(CK)/2 - t(CK)/2 + 1

ts(IN) Data input setup time
-

0.5 - -

th(IN) Data input hold time 3 - -

tv(OUT) Data output valid time
2.7 V<VDD<3.6 V - 1.5 3.5

1.71 V<VDD<3.6 V - 1.5 2

th(OUT) Data output hold time - 0.5 - -

1. Guaranteed by characterization results.

Table 119. Quad SPI characteristics in DDR mode(1) 

1. Guaranteed by characterization results.

Symbol Parameter Conditions Min Typ Max Unit

Fck1/t(CK) Quad-SPI clock 
frequency

2.7 V<VDD<3.6 V
CL=20 pF

- - 80

MH
z

1.8 V<VDD<3.6 V
CL=15 pF

- - 80

1.71 V<VDD<3.6 V
CL=10 pF

- - 80

tw(CKH)
Quad-SPI clock high 

and low time -
t(CK)/2 - 1 - t(CK)/2

ns

tw(CKL) t(CK)/2 - t(CK)/2
+ 1

ts(IN), 
tsf(IN) Data input setup time

2.7 V<VDD<3.6 V 0.75 - -

1.71 V<VDD<2 V 0.5 - -

thr(IN), 
thf(IN) Data input hold time

2.7 V<VDD<3.6 V 2 - -

1.71 V<VDD<2 V 3 - -

tvr(OUT), 
tvf(OUT) Data output valid time

2.7 V<VDD<3.6 V - 8.5 10

1.71 V<VDD<3.6 V
DHHC=0

- 8 12

DHHC=1
Pres=1, 2...

- THCLK/2 + 
1.5

THCLK/2 
+ 2.5

thr(OUT), 
thf(OUT) Data output hold time

DHHC=0 7.5 - -

DHHC=1
Pres=1, 2...

THCLK/2 
+ 0.5 - -

Table 118. Quad-SPI characteristics (continued)in SDR mode(1) (continued)
Symbol Parameter Conditions Min Typ Max Unit
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Figure 75. Quad-SPI timing diagram - SDR mode

Figure 76. Quad-SPI timing diagram - DDR mode

5.3.32 Camera interface (DCMI) timing specifications
Unless otherwise specified, the parameters given in Table 120 for DCMI are derived 
from tests performed under the ambient temperature, fHCLK frequency and VDD supply 
voltage summarized in Table 17, with the following configuration:
• DCMI_PIXCLK polarity: falling
• DCMI_VSYNC and DCMI_HSYNC polarity: high
• Data formats: 14 bits

          

Table 120. DCMI characteristics(1)  

1. Guaranteed by characterization results.

Symbol Parameter Min Max Unit

- Frequency ratio DCMI_PIXCLK/fHCLK - 0.4 

DCMI_PIXCLK Pixel clock input - 54 MHz

DPixel Pixel clock input duty cycle 30 70 %

tsu(DATA) Data input setup time 2 -

ns

th(DATA) Data input hold time 0.5 -

tsu(HSYNC)
tsu(VSYNC)

DCMI_HSYNC/DCMI_VSYNC input setup time 2.5 -

th(HSYNC)
th(VSYNC)

DCMI_HSYNC/DCMI_VSYNC input hold time 3 -
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5.3.36 SD/SDIO MMC card host interface (SDMMC) characteristics
Unless otherwise specified, the parameters given in Table 123 for the SDIO/MMC interface 
are derived from tests performed under the ambient temperature, fPCLK2 frequency and VDD 
supply voltage conditions summarized in Table 17, with the following configuration: 
• Output speed is set to OSPEEDRy[1:0] = 11
• Capacitive load C = 30 pF
• Measurement points are done at CMOS levels: 0.5VDD

Refer to Section 5.3.20: I/O port characteristics for more details on the input/output 
characteristics.

Figure 81. SDIO high-speed mode

Figure 82. SD default mode
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Table 128. LQFP208, 28 x 28 mm, 208-pin low-profile quad flat package 
mechanical data 

Symbol
millimeters inches(1)

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

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

b 0.170 0.220 0.270 0.0067 0.0087 0.0106

c 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°

ccc  -  - 0.080  -  - 0.0031
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TFBGA216 device marking

The following figure gives an example of topside marking orientation versus ball A1 identifier 
location.

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

Figure 103. TFBGA216, 13 × 13 × 0.8 mm thin fine-pitch ball grid array
package top view example  

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.


