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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

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

Details

Product Status Active

Core Processor ARM® Cortex®-M4

Core Size 32-Bit Single-Core

Speed 180MHz

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

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

Number of I/O 114

Program Memory Size 2MB (2M x 8)

Program Memory Type FLASH

EEPROM Size -

RAM Size 384K 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 168-UFBGA, WLCSP

Supplier Device Package 168-WLCSP (4.89x5.69)

Purchase URL https://www.e-xfl.com/product-detail/stmicroelectronics/stm32f469aiy6tr

Email: info@E-XFL.COM Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong

https://www.e-xfl.com/product/pdf/stm32f469aiy6tr-4417033
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers


Contents STM32F469xx

2/217 DocID028196 Rev 4

Contents

1 Description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

1.1 Compatibility throughout the family  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

1.1.1 LQFP176 package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

1.1.2 LQFP208 package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

1.1.3 UFBGA176 package  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

1.1.4 TFBGA216 package  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

2 Functional overview  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

2.1 ARM® Cortex®-M4 with FPU and embedded Flash and SRAM  . . . . . . . 21

2.2 Adaptive real-time memory accelerator (ART Accelerator™)  . . . . . . . . . 21

2.3 Memory protection unit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

2.4 Embedded Flash memory  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

2.5 CRC (cyclic redundancy check) calculation unit  . . . . . . . . . . . . . . . . . . . 22

2.6 Embedded SRAM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

2.7 Multi-AHB bus matrix  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

2.8 DMA controller (DMA)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

2.9 Flexible Memory Controller (FMC) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

2.10 Quad-SPI memory interface (QUADSPI) . . . . . . . . . . . . . . . . . . . . . . . . . 25

2.11 LCD-TFT controller . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

2.12 DSI Host (DSIHOST)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

2.13 Chrom-ART Accelerator™ (DMA2D) . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

2.14 Nested vectored interrupt controller (NVIC) . . . . . . . . . . . . . . . . . . . . . . . 27

2.15 External interrupt/event controller (EXTI) . . . . . . . . . . . . . . . . . . . . . . . . . 27

2.16 Clocks and startup  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

2.17 Boot modes  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

2.18 Power supply schemes  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

2.19 Power supply supervisor  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30

2.19.1 Internal reset ON . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30

2.19.2 Internal reset OFF  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30

2.20 Voltage regulator  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

2.20.1 Regulator ON . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

2.20.2 Regulator OFF . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32



DocID028196 Rev 4 9/217

STM32F469xx List of figures

11

List of figures

Figure 1. Incompatible board design for LQFP176 package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
Figure 2. Incompatible board design for LQFP208 package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
Figure 3. UFBGA176 port-to-terminal assignment differences  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18
Figure 4. TFBGA216 port-to-terminal assignment differences. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
Figure 5. STM32F469xx block diagram  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
Figure 6. STM32F469xx Multi-AHB matrix  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
Figure 7. VDDUSB connected to an external independent power supply . . . . . . . . . . . . . . . . . . . . . 29
Figure 8. Power supply supervisor interconnection with internal reset OFF . . . . . . . . . . . . . . . . . . . 30
Figure 9. PDR_ON control with internal reset OFF . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
Figure 10. Regulator OFF  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
Figure 11. Startup in regulator OFF: slow VDD slope 

- power-down reset risen after VCAP_1 , VCAP_2 stabilization  . . . . . . . . . . . . . . . . . . . . . . . 34
Figure 12. Startup in regulator OFF mode: fast VDD slope 

- power-down reset risen before VCAP_1 , VCAP_2 stabilization . . . . . . . . . . . . . . . . . . . . . . 34
Figure 13. STM32F46x LQFP100 pinout . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47
Figure 14. STM32F46x LQFP144 pinout . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48
Figure 15. STM32F46x WLCSP168 pinout . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49
Figure 16. STM32F46x UFBGA169 ballout . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50
Figure 17. STM32F46x UFBGA176 ballout . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51
Figure 18. STM32F46x LQFP176 pinout . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52
Figure 19. STM32F46x LQFP208 pinout . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53
Figure 20. STM32F46x TFBGA216 ballout . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54
Figure 21. Memory map. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83
Figure 22. Pin loading conditions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88
Figure 23. Pin input voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88
Figure 24. Power supply scheme  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89
Figure 25. Current consumption measurement scheme . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90
Figure 26. External capacitor CEXT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94
Figure 27. Typical VBAT current consumption

(RTC ON / backup SRAM ON and LSE in Low drive mode)  . . . . . . . . . . . . . . . . . . . . . . 106
Figure 28. Typical VBAT current consumption

(RTC ON / backup SRAM ON and LSE in High drive mode) . . . . . . . . . . . . . . . . . . . . . . 107
Figure 29. High-speed external clock source AC timing diagram  . . . . . . . . . . . . . . . . . . . . . . . . . . . 115
Figure 30. Low-speed external clock source AC timing diagram. . . . . . . . . . . . . . . . . . . . . . . . . . . . 115
Figure 31. Typical application with an 8 MHz crystal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 116
Figure 32. Typical application with a 32.768 kHz crystal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117
Figure 33. ACCHSI vs. temperature  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 118
Figure 34. ACCLSI versus temperature  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119
Figure 35. PLL output clock waveforms in center spread mode  . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123
Figure 36. PLL output clock waveforms in down spread mode . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123
Figure 37. MIPI D-PHY HS/LP clock lane transition timing diagram . . . . . . . . . . . . . . . . . . . . . . . . . 126
Figure 38. MIPI D-PHY HS/LP data lane transition timing diagram. . . . . . . . . . . . . . . . . . . . . . . . . . 126
Figure 39. FT I/O input characteristics. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 135
Figure 40. I/O AC characteristics definition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 138
Figure 41. Recommended NRST pin protection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 139
Figure 42. SPI timing diagram - slave mode and CPHA = 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 143
Figure 43. SPI timing diagram - slave mode and CPHA = 1(1)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 143
Figure 44. SPI timing diagram - master mode(1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 144



List of figures STM32F469xx

10/217 DocID028196 Rev 4

Figure 45. I2S slave timing diagram (Philips protocol)(1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 146
Figure 46. I2S master timing diagram (Philips protocol)(1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 146
Figure 47. SAI master timing waveforms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 148
Figure 48. SAI slave timing waveforms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 148
Figure 49. USB OTG full speed timings: definition of data signal rise and fall time. . . . . . . . . . . . . . 150
Figure 50. ULPI timing diagram . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 151
Figure 51. Ethernet SMI timing diagram  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 152
Figure 52. Ethernet RMII timing diagram . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 153
Figure 53. Ethernet MII timing diagram . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 154
Figure 54. ADC accuracy characteristics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 159
Figure 55. Typical connection diagram using the ADC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 159
Figure 56. Power supply and reference decoupling (VREF+ not connected to VDDA). . . . . . . . . . . . . 160
Figure 57. Power supply and reference decoupling (VREF+ connected to VDDA). . . . . . . . . . . . . . . . 160
Figure 58. 12-bit buffered/non-buffered DAC. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 164
Figure 59. Asynchronous non-multiplexed SRAM/PSRAM/NOR read waveforms . . . . . . . . . . . . . . 165
Figure 60. Asynchronous non-multiplexed SRAM/PSRAM/NOR write waveforms . . . . . . . . . . . . . . 167
Figure 61. Asynchronous multiplexed PSRAM/NOR read waveforms. . . . . . . . . . . . . . . . . . . . . . . . 168
Figure 62. Asynchronous multiplexed PSRAM/NOR write waveforms  . . . . . . . . . . . . . . . . . . . . . . . 170
Figure 63. Synchronous multiplexed NOR/PSRAM read timings  . . . . . . . . . . . . . . . . . . . . . . . . . . . 172
Figure 64. Synchronous multiplexed PSRAM write timings. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 174
Figure 65. Synchronous non-multiplexed NOR/PSRAM read timings . . . . . . . . . . . . . . . . . . . . . . . . 176
Figure 66. Synchronous non-multiplexed PSRAM write timings . . . . . . . . . . . . . . . . . . . . . . . . . . . . 177
Figure 67. NAND controller waveforms for read access  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 178
Figure 68. NAND controller waveforms for write access . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 179
Figure 69. NAND controller waveforms for common memory read access . . . . . . . . . . . . . . . . . . . . 179
Figure 70. NAND controller waveforms for common memory write access. . . . . . . . . . . . . . . . . . . . 180
Figure 71. SDRAM read access waveforms (CL = 1)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 181
Figure 72. SDRAM write access waveforms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 182
Figure 73. Quad-SPI SDR timing diagram. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 184
Figure 74. Quad-SPI DDR timing diagram. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 185
Figure 75. DCMI timing diagram  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 186
Figure 76. LCD-TFT horizontal timing diagram . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 187
Figure 77. LCD-TFT vertical timing diagram . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 188
Figure 78. SDIO high-speed mode  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 188
Figure 79. SD default mode . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 189
Figure 80. LQFP100 - 100-pin, 14 x 14 mm low-profile quad flat package outline  . . . . . . . . . . . . . . 191
Figure 81. LQFP100 - 100-pin, 14 x 14 mm low-profile quad flat

recommended footprint . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 193
Figure 82. LQFP100 marking example (package top view) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 193
Figure 83. LQFP144 - 144-pin, 20 x 20 mm low-profile quad flat package outline  . . . . . . . . . . . . . . 194
Figure 84. LQFP144 - 144-pin,20 x 20 mm low-profile quad flat package 

recommended footprint . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 196
Figure 85. LQFP144 marking example (package top view) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 196
Figure 86. WLCSP168 - 168-pin, 4.891 x 5.692 mm, 0.4 mm pitch wafer level chip

scale package outline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 197
Figure 87. UFBGA169 - 169-pin, 7 x 7 mm, 0.50 mm pitch, ultra fine pitch ball grid

array package outline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 199
Figure 88. UFBGA169 marking example (package top view)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 200
Figure 89. LQFP176, 24 x 24 mm, 176-pin low-profile quad flat package outline . . . . . . . . . . . . . . . 201
Figure 90. LQFP176 recommended footprint  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 203
Figure 91. LQFP176 marking example (package top view) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 204
Figure 92. UFBGA176+25 - 201-ball, 10 x 10 mm, 0.65 mm pitch, 



Functional overview STM32F469xx

22/217 DocID028196 Rev 4

2.4 Embedded Flash memory

The devices embed a Flash memory of up to 2 Mbytes available for storing programs and 
data.

2.5 CRC (cyclic redundancy check) calculation unit

The CRC (cyclic redundancy check) calculation unit is used to get a CRC code from a 32-bit 
data word and a fixed generator polynomial.

Among other applications, CRC-based techniques are used to verify data transmission or 
storage integrity. In the scope of the EN/IEC 60335-1 standard, they offer a means of 
verifying the Flash memory integrity. The CRC calculation unit helps compute a software 
signature during runtime, to be compared with a reference signature generated at link-time 
and stored at a given memory location.

2.6 Embedded SRAM

All devices embed:

• Up to 384Kbytes of system SRAM including 64 Kbytes of CCM (core coupled memory) 
data RAM

RAM memory is accessed (read/write) at CPU clock speed with 0 wait states.

• 4 Kbytes of backup SRAM 

This area is accessible only from the CPU. Its content is protected against possible 
unwanted write accesses, and is retained in Standby or VBAT mode.

2.7 Multi-AHB bus matrix

The 32-bit multi-AHB bus matrix interconnects all the masters (CPU, DMAs, Ethernet, USB 
HS, LCD-TFT, and DMA2D) and the slaves (Flash memory, RAM, FMC, QUADSPI, AHB 
and APB peripherals) and ensures a seamless and efficient operation even when several 
high-speed peripherals work simultaneously.
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2.16 Clocks and startup

On reset the 16 MHz internal RC oscillator is selected as the default CPU clock. The 
16 MHz internal RC oscillator is factory-trimmed to offer 1% accuracy over the full 
temperature range. The application can then select as system clock either the RC oscillator 
or an external 4-26 MHz clock source. This clock can be monitored for failure. If a failure is 
detected, the system automatically switches back to the internal RC oscillator and a 
software interrupt is generated (if enabled). This clock source is input to a PLL thus allowing 
to increase the frequency up to 180 MHz. Similarly, full interrupt management of the PLL 
clock entry is available when necessary (for example if an indirectly used external oscillator 
fails).

Several prescalers allow the configuration of the two AHB buses, the high-speed APB 
(APB2) and the low-speed APB (APB1) domains. The maximum frequency of the two AHB 
buses is 180 MHz while the maximum frequency of the high-speed APB domains is 
90 MHz. The maximum allowed frequency of the low-speed APB domain is 45 MHz.

The devices embed a dedicated PLL (PLLI2S) and PLLSAI which allows to achieve audio 
class performance. In this case, the I2S master clock can generate all standard sampling 
frequencies from 8 kHz to 192 kHz.

2.17 Boot modes

At startup, boot pins are used to select one out of three boot options:

• Boot from user Flash

• Boot from system memory

• Boot from embedded SRAM

The boot loader is located in system memory. It is used to reprogram the Flash memory 
through a serial interface. Refer to application note AN2606 for details. 

2.18 Power supply schemes

• VDD = 1.7 to 3.6 V: external power supply for I/Os and the internal regulator (when 
enabled), provided externally through VDD pins. 

• VSSA, VDDA = 1.7 to 3.6 V: external analog power supplies for ADC, DAC, Reset 
blocks, RCs and PLL. VDDA and VSSA must be connected to VDD and VSS, respectively.

Note: VDD/VDDA minimum value of 1.7 V is obtained when the internal reset is OFF (refer to 
Section 2.19.2). Refer to Table 3 to identify the packages supporting this option.

• VBAT = 1.65 to 3.6 V: power supply for RTC, external clock 32 kHz oscillator and 
backup registers (through power switch) when VDD is not present.

• VDDUSB can be connected either to VDD or an external independent power supply (3.0 
to 3.6V) for USB transceivers. 
For example, when device is powered at 1.8V, an independent power supply 3.3V can 
be connected to VDDUSB. When the VDDUSB is connected to a separated power supply, 
it is independent from VDD or VDDA but it must be the last supply to be provided and the 
first to disappear.
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When the internal reset is OFF, the following integrated features are no more supported:

• The integrated power-on reset (POR) / power-down reset (PDR) circuitry is disabled

• The brownout reset (BOR) circuitry must be disabled

• The embedded programmable voltage detector (PVD) is disabled

• VBAT functionality is no more available and VBAT pin should be connected to VDD.

All packages allow to disable the internal reset through the PDR_ON signal when connected 
to VSS.

Figure 9. PDR_ON control with internal reset OFF 

1. PDR_ON signal to be kept always low.

2.20 Voltage regulator

The regulator has four operating modes: 

• Regulator ON

– Main regulator mode (MR)

– Low power regulator (LPR)

– Power-down

• Regulator OFF

2.20.1 Regulator ON

On packages embedding the BYPASS_REG pin, the regulator is enabled by holding 
BYPASS_REG low. On all other packages, the regulator is always enabled.
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Since the internal voltage scaling is not managed internally, the external voltage value must 
be aligned with the targeted maximum frequency. Refer to Operating conditions.The two 
2.2 µF ceramic capacitors should be replaced by two 100 nF decoupling capacitors. Refer 
to Section 2.18.

When the regulator is OFF, there is no more internal monitoring on V12. An external power 
supply supervisor should be used to monitor the V12 of the logic power domain. PA0 pin 
should be used for this purpose, and act as power-on reset on V12 power domain.

In regulator OFF mode, the following features are no more supported:

• PA0 cannot be used as a GPIO pin since it allows to reset a part of the V12 logic power 
domain which is not reset by the NRST pin.

• As long as PA0 is kept low, the debug mode cannot be used under power-on reset. As 
a consequence, PA0 and NRST pins must be managed separately if the debug 
connection under reset or pre-reset is required.

• The over-drive and under-drive modes are not available.

• The Standby mode is not available.

Figure 10. Regulator OFF

The following conditions must be respected:

• VDD should always be higher than VCAP_1 and VCAP_2 to avoid current injection 
between power domains. 

• If the time for VCAP_1 and VCAP_2 to reach V12 minimum value is faster than the time for 
VDD to reach 1.7 V, then PA0 should be kept low to cover both conditions: until VCAP_1 
and VCAP_2 reach V12 minimum value and until VDD reaches 1.7 V (see Figure 11).

• Otherwise, if the time for VCAP_1 and VCAP_2 to reach V12 minimum value is slower 
than the time for VDD to reach 1.7 V, then PA0 could be asserted low externally (see 
Figure 12).

• If VCAP_1 and VCAP_2 go below V12 minimum value and VDD is higher than 1.7 V, then a 
reset must be asserted on PA0 pin.

Note: The minimum value of V12 depends on the maximum frequency targeted in the application 
(see Operating conditions).
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2.24.1 Advanced-control timers (TIM1, TIM8)

The advanced-control timers (TIM1, TIM8) can be seen as three-phase PWM generators 
multiplexed on 6 channels. They have complementary PWM outputs with programmable 
inserted dead times. They can also be considered as complete general-purpose timers. 
Their 4 independent channels can be used for:

• Input capture

• Output compare

• PWM generation (edge- or center-aligned modes)

• One-pulse mode output

If configured as standard 16-bit timers, they have the same features as the general-purpose 
TIMx timers. If configured as 16-bit PWM generators, they have full modulation capability (0-
100%).

The advanced-control timer can work together with the TIMx timers via the Timer Link 
feature for synchronization or event chaining.

TIM1 and TIM8 support independent DMA request generation.

2.24.2 General-purpose timers (TIMx)

There are ten synchronizable general-purpose timers embedded in the STM32F46x devices 
(see Table 6 for differences).

• TIM2, TIM3, TIM4, TIM5

The STM32F46x include 4 full-featured general-purpose timers: TIM2, TIM5, TIM3, 
and TIM4.The TIM2 and TIM5 timers are based on a 32-bit auto-reload up/down 
counter and a 16-bit prescaler. The TIM3 and TIM4 timers are based on a 16-bit auto-
reload up/down counter and a 16-bit prescaler. They all feature 4 independent 
channels for input capture/output compare, PWM or one-pulse mode output. This gives 
up to 16 input capture/output compare/PWMs on the largest packages.

The TIM2, TIM3, TIM4, TIM5 general-purpose timers can work together, or with the 
other general-purpose timers and the advanced-control timers TIM1 and TIM8 via the 
Timer Link feature for synchronization or event chaining.

Any of these general-purpose timers can be used to generate PWM outputs.

TIM2, TIM3, TIM4, TIM5 all have independent DMA request generation. They are 
capable of handling quadrature (incremental) encoder signals and the digital outputs 
from 1 to 4 hall-effect sensors.

• TIM9, TIM10, TIM11, TIM12, TIM13, and TIM14

These timers are based on a 16-bit auto-reload upcounter and a 16-bit prescaler. 
TIM10, TIM11, TIM13, and TIM14 feature one independent channel, whereas TIM9 
and TIM12 have two independent channels for input capture/output compare, PWM or 
one-pulse mode output. They can be synchronized with the TIM2, TIM3, TIM4, TIM5 
full-featured general-purpose timers. They can also be used as simple time bases.

2.24.3 Basic timers TIM6 and TIM7

These timers are mainly used for DAC trigger and waveform generation. They can also be 
used as a generic 16-bit time base.

TIM6 and TIM7 support independent DMA request generation.
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13 22 N1 L12 M3 33 36 M3 PC1 I/O FT (5)

TRACED0, 
SPI2_MOSI/I2S2_SD, 

SAI1_SD_A, ETH_MDC, 
EVENTOUT

ADC123_
IN11

14 23 - - M4 34 37 M4 PC2 I/O FT (5)

SPI2_MISO, I2S2ext_SD, 
OTG_HS_ULPI_DIR, 

ETH_MII_TXD2, 
FMC_SDNE0, EVENTOUT

ADC123_
IN12

15 24 - - M5 35 38 L4 PC3 I/O FT (5)

SPI2_MOSI/I2S2_SD, 
OTG_HS_ULPI_NXT, 
ETH_MII_TX_CLK, 

FMC_SDCKE0, 
EVENTOUT

ADC123_
IN13

- 25 - - - 36 39 J5 VDD S - - - -

- - - - - - - J6 VSS S - - - -

16 26 J2 L11 M1 37 40 M1 VSSA S - - - -

- - - - N1 - - N1 VREF- S - - - -

17 27 - - P1 38 41 P1 VREF+ S - - - -

18 28 J3 M12 R1 39 42 R1 VDDA S - - - -

19 29 J5 L10 N3 40 43 N3 PA0-WKUP(PA0) I/O FT (6)

TIM2_CH1/TIM2_ETR, 
TIM5_CH1, TIM8_ETR, 

USART2_CTS, UART4_TX, 
ETH_MII_CRS, 

EVENTOUT

ADC123_IN0, 
WKUP

20 30 K1 K9 N2 41 44 N2 PA1 I/O FT (5)

TIM2_CH2, TIM5_CH2, 
USART2_RTS, UART4_RX, 

QUADSPI_BK1_IO3, 
ETH_MII_RX_CLK/ETH_R
MII_REF_CLK, LCD_R2, 

EVENTOUT

ADC123_IN1

21 31 K2 L9 P2 42 45 P2 PA2 I/O FT (5)

TIM2_CH3, TIM5_CH3, 
TIM9_CH1, USART2_TX, 

ETH_MDIO, LCD_R1, 
EVENTOUT

ADC123_IN2

- - L2 M11 F4 43 46 K4 PH2 I/O FT -

QUADSPI_BK2_IO0, 
ETH_MII_CRS, 

FMC_SDCKE0, LCD_R0, 
EVENTOUT

-

- - L1 N12 G4 44 47 J4 PH3 I/O FT -

QUADSPI_BK2_IO1, 
ETH_MII_COL, 

FMC_SDNE0, LCD_R1, 
EVENTOUT

-

- - M2 M10 H4 45 48 H4 PH4 I/O FT -
I2C2_SCL, LCD_G5, 
OTG_HS_ULPI_NXT, 
LCD_G4, EVENTOUT

-

Table 10. STM32F469xx pin and ball definitions (continued)
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- 96 D13 G6 H14 116 135 H14 PG8 I/O FT -

SPI6_NSS, USART6_RTS, 
ETH_PPS_OUT, 

FMC_SDCLK, LCD_G7, 
EVENTOUT

-

- - G9 F2 G12 117 136 G10 VSS S - - - -

65 97 G11 F1 H13 118 137 G11 VDDUSB S - - - -

66 98 F9 F3 H15 119 138 H15 PC6 I/O FT -

TIM3_CH1, TIM8_CH1, 
I2S2_MCK, USART6_TX, 

SDIO_D6, DCMI_D0, 
LCD_HSYNC, EVENTOUT

-

67 99 F10 G7 G15 120 139 G15 PC7 I/O FT -

TIM3_CH2, TIM8_CH2, 
I2S3_MCK, USART6_RX, 

SDIO_D7, DCMI_D1, 
LCD_G6, EVENTOUT

-

68 100 E10 F4 G14 121 140 G14 PC8 I/O FT -

TRACED1, TIM3_CH3, 
TIM8_CH3, USART6_CK, 

SDIO_D0, DCMI_D2, 
EVENTOUT

-

69 101 G10 F5 F14 122 141 F14 PC9 I/O FT -

MCO2, TIM3_CH4, 
TIM8_CH4, I2C3_SDA, 

I2S_CKIN, 
QUADSPI_BK1_IO0, 
SDIO_D1, DCMI_D3, 

EVENTOUT

-

70 102 D8 E1 F15 123 142 F15 PA8 I/O FT -

MCO1, TIM1_CH1, 
I2C3_SCL, USART1_CK, 
OTG_FS_SOF, LCD_R6, 

EVENTOUT

-

71 103 E8 E2 E15 124 143 E15 PA9 I/O FT -

TIM1_CH2, I2C3_SMBA, 
SPI2_SCK/I2S2_CK, 

USART1_TX, DCMI_D0, 
EVENTOUT

OTG_FS_
VBUS

72 104 E9 E3 D15 125 144 D15 PA10 I/O FT -
TIM1_CH3, USART1_RX, 
OTG_FS_ID, DCMI_D1, 

EVENTOUT
-

73 105 A13 F7 C15 126 145 C15 PA11 I/O FT -
TIM1_CH4, USART1_CTS, 
CAN1_RX, OTG_FS_DM, 

LCD_R4, EVENTOUT
-

74 106 A12 F6 B15 127 146 B15 PA12 I/O FT -
TIM1_ETR, USART1_RTS, 
CAN1_TX, OTG_FS_DP, 

LCD_R5, EVENTOUT
-

75 107 A11 D1 A15 128 147 A15
PA13(JTMS-

SWDIO)
I/O FT - JTMS-SWDIO, EVENTOUT -

76 108 D12 D2 F13 129 148 E11 VCAP2 S - - - -

- 109 D11 C1 F12 130 149 F10 VSS S - - - -

Table 10. STM32F469xx pin and ball definitions (continued)
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Port I

PI0 - - TIM5_CH4 - -
SPI2_NSS/I

2S2_WS
- - - - - - FMC_D24 DCMI_D13 LCD_G5

EVENT
OUT

PI1 - - - - -
SPI2_SCK/I

2S2_CK
- - - - - - FMC_D25 DCMI_D8 LCD_G6

EVENT
OUT

PI2 - - - TIM8_CH4 - SPI2_MISO
I2S2ext_S

D
- - - - - FMC_D26 DCMI_D9 LCD_G7

EVENT
OUT

PI3 - - - TIM8_ETR -
SPI2_MOSI
/I2S2_SD

- - - - - - FMC_D27 DCMI_D10
EVENT

OUT

PI4 - - -
TIM8_BKI

N
- - - - - - - - FMC_NBL2 DCMI_D5 LCD_B4

EVENT
OUT

PI5 - - - TIM8_CH1 - - - - - - - - FMC_NBL3
DCMI_VS

YNC
LCD_B5

EVENT
OUT

PI6 - - - TIM8_CH2 - - - - - - - - FMC_D28 DCMI_D6 LCD_B6
EVENT

OUT

PI7 - - - TIM8_CH3 - - - - - - - - FMC_D29 DCMI_D7 LCD_B7
EVENT

OUT

PI8 - - - - - - - - - - - - - -
EVENT

OUT

PI9 - - - - - - - - - CAN1_RX - - FMC_D30 -
LCD_VSY

NC
EVENT

OUT

PI10 - - - - - - - - - - -
ETH_MII_RX_

ER
FMC_D31 -

LCD_HSY
NC

EVENT
OUT

PI11 - - - - - - - - - LCD_G6
OTG_HS

_ULPI
_DIR

- - - -
EVENT

OUT

PI12 - - - - - - - - - - - - - -
LCD_HSY

NC
EVENT

OUT

PI13 - - - - - - - - - - - - - -
LCD_VSY

NC
EVENT

OUT

PI14 - - - - - - - - - - - - - - LCD_CLK
EVENT

OUT

PI15 - - - - - - - - - LCD_G2 - - - - LCD_R0
EVENT
‘OUT

Table 12. Alternate function (continued)

Port

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

SYS TIM1/2
TIM3/4/

5
TIM8/9/
10/11

I2C1/2/3
SPI1/2/3

/4/5/6
SPI2/3/
SAI1

SPI2/3/
USART

1/2/3

USAR
T6/

UART
4/5/7/

8

CAN1/2/
TIM12/
13/14/
QUAD 

SPI/LCD

QUAD
SPI/OT
G2_HS
/OTG1

_FS

ETH

FMC/
SDIO/

OTG2_
FS

DCMI/
DSI

HOST
LCD SYS
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Table 28. Typical and maximum current consumption in Sleep mode, regulator OFF

Symbol Parameter Conditions
fHCLK 
(MHz)

 Typ  Max(1)

Unit
IDD12 IDD

TA = 25 °C TA = 85 °C TA = 105 °C

IDD12 IDD IDD12 IDD IDD12 IDD

IDD12 / IDD

Supply current 
in RUN mode 
from V12 and 
VDD supply 

All 
Peripherals 

enabled

168 70 1 75 1 100 1 126 1

mA

150 63 1 70 1 93 1 118 1

144 57 1 61 1 84 1 108 1

120 42 1 45 1 64 1 84 1

90 32 1 36 1 53 1 73 1

60 22 1 24 1 43 1 63 1

30 12 1 14 1 33 1 53 1

25 10 1 12 1 31 1 51 1

All 
Peripherals 

disabled

168 20 1 24 1 49 1 75 1

150 18 1 22 1 47 1 73 1

144 16 1 19 1 42 1 66 1

120 12 1 14 1 33 1 53 1

90 10 1 12 1 30 1 50 1

60 7 1 9 1 27 1 47 1

30 4 1 6 1 24 1 44 1

25 4 1 6 1 24 1 44 1

1. Guaranteed based on test during characterization.
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Figure 35 and Figure 36 show the main PLL output clock waveforms in center spread and 
down spread modes, where:

F0 is fPLL_OUT nominal.

Tmode is the modulation period.

md is the modulation depth.

Figure 35. PLL output clock waveforms in center spread mode

Figure 36. PLL output clock waveforms in down spread mode

5.3.13 MIPI D-PHY characteristics

The parameters given in Table 45 and Table 46 are derived from tests performed under 
temperature and VDD supply voltage conditions summarized in Table 17.

Table 45. MIPI D-PHY characteristics(1)

Symbol Parameter Conditions  Min Typ Max Unit

Hi-Speed Input/Output Characteristics

UINST UI instantaneous - 2 - 12.5 ns
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Table 52. Flash memory endurance and data retention

5.3.17 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 I/O ports). 
the device is stressed by two electromagnetic events until a failure occurs. The failure is 
indicated by the LEDs:

• 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.

• FTB: A burst of fast transient voltage (positive and negative) is applied to VDD and VSS 
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 53. They are based on the EMS levels and classes 
defined in application note AN1709.

         

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.

Symbol Parameter  Conditions
Value

Unit
Min(1)

1. Based on test during characterization.

NEND Endurance
TA = –40 to +85 °C (6 suffix versions)

TA = –40 to +105 °C (7 suffix versions)
10 kcycles

tRET Data retention

1 kcycle(2) at TA = 85 °C

2. Cycling performed over the whole temperature range.

30

Years1 kcycle(2) at TA = 105 °C 10

10 kcycles(2) at TA = 55 °C 20

Table 53. EMS characteristics

Symbol Parameter Conditions Level/Class

VFESD
Voltage limits to be applied on any I/O pin 
to induce a functional disturbance

VDD = 3.3 V, TFBGA216, 
TA = +25 °C, fHCLK = 168 MHz, 
conforming to IEC 61000-4-2

2B

VEFTB

Fast transient voltage burst limits to be 
applied through 100 pF on VDD and VSS 
pins to induce a functional disturbance

VDD = 3.3 V, TFBGA216, 
TA = +25 °C, fHCLK = 168 MHz, 
conforming to IEC 61000-4-2

4A
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VHYS

FT, TTa and NRST I/O input 
hysteresis 

1.7 V≤VDD≤ 3.6 V 10%VDD
(3) - -

V

BOOT0 I/O input hysteresis

1.75 V≤VDD ≤ 3.6 V, –
40 °C≤TA ≤ 105 °C

0.1 - -
1.7 V≤VDD ≤ 3.6 V, 
0 °C≤TA ≤ 105 °C

Ilkg

I/O input leakage current (4) VSS ≤VIN ≤ VDD - - ±1
µA

I/O FT input leakage current (5) VIN = 5 V - - 3

RPU

Weak pull-up 
equivalent 
resistor(6)

All pins 
except for 
PA10/PB12 
(OTG_FS_ID,
OTG_HS_ID) VIN = VSS

30 40 50

kΩ

PA10/PB12 
(OTG_FS_ID,
OTG_HS_ID)

7 10 14

RPD

Weak pull-
down 
equivalent 
resistor(7)

All pins 
except for 
PA10/PB12 
(OTG_FS_ID,
OTG_HS_ID) VIN = VDD

30 40 50

 PA10/PB12 
(OTG_FS_ID,
OTG_HS_ID)

7 10 14

CIO
(8) I/O 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 57

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 57

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. Based on test during characterization.

Table 58. I/O static characteristics (continued)

Symbol Parameter Conditions Min Typ Max Unit
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Output voltage levels

Unless otherwise specified, the parameters given in Table 59 are derived from tests 
performed under ambient temperature and VDD supply voltage conditions summarized in 
Table 17. All I/Os are CMOS and TTL compliant.

         

Input/output AC characteristics

The definition and values of input/output AC characteristics are given in Figure 40 and 
Table 60, respectively.

Unless otherwise specified, the parameters given in Table 60 are derived from tests 
performed under the ambient temperature and VDD supply voltage conditions summarized 
in Table 17.

Table 59. Output voltage characteristics 

Symbol Parameter Conditions Min Max Unit

VOL
(1)

1. The IIO current sunk by the device must always respect the absolute maximum rating specified in Table 15. 
and the sum of IIO (I/O ports and control pins) must not exceed IVSS.

Output low level voltage for an I/O pin CMOS port(2)

IIO = +8 mA

2.7 V ≤ VDD ≤ 3.6 V

2. TTL and CMOS outputs are compatible with JEDEC standards JESD36 and JESD52.

- 0.4

V

VOH
(3)

3. The IIO current sourced by the device must always respect the absolute maximum rating specified in 
Table 15 and the sum of IIO (I/O ports and control pins) must not exceed IVDD.

Output high level voltage for an I/O pin VDD − 0.4 -

VOL 
(1) Output low level voltage for an I/O pin TTL port(2)

IIO =+ 8mA

2.7 V ≤ VDD ≤ 3.6 V

- 0.4

VOH 
(3) Output high level voltage for an I/O pin 2.4 -

VOL
(1) Output low level voltage for an I/O pin IIO = +20 mA

2.7 V ≤ VDD ≤ 3.6 V

- 1.3(4)

4. Based on characterization data.

VOH
(3) Output high level voltage for an I/O pin VDD−1.3(4) -

VOL
(1) Output low level voltage for an I/O pin IIO = +6 mA

1.8 V ≤ VDD ≤ 3.6 V

- 0.4(4)

VOH
(3) Output high level voltage for an I/O pin VDD−0.4(4) -

VOL
(1) Output low level voltage for an I/O pin IIO = +4 mA

1.7 V ≤ VDD ≤ 3.6V

- 0.4(5)

5. Guaranteed by design.

VOH
(3) Output high level voltage for an I/O pin VDD−0.4(5) -
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tw(SCKH)
tw(SCKL)

SCK high and low time Master mode, SPI presc = 2 TPCLK−1.5 TPCLK TPCLK+1.5

ns

tsu(NSS) NSS setup time Slave mode, SPI presc = 2 4TPCLK
- -

th(NSS) NSS hold time Slave mode, SPI presc = 2 2TPCLK

tsu(MI)
Data input setup time

Master mode 2 - -

tsu(SI) Slave mode 3 - -

th(MI)
Data input hold time

Master mode 4 - -

th(SI) Slave mode 2 - -

ta(SO) Data output access time Slave mode, SPI presc = 2 7 - 21

tdis(SO) Data output disable time Slave mode 5 - 12

tv(SO) Data output valid time

Slave mode (after enable edge), 
2.7V ≤ VDD ≤ 3.6V

- 11 15

Slave mode (after enable edge), 
1.71 V≤VDD≤3.6 V

- 11 11.5

th(SO) Data output hold time Slave mode (after enable edge) 6 - -

tv(MO) Data output valid time Master mode (after enable edge) - 4.5 5

th(MO) Data output hold time Master mode (after enable edge) 2 - -

1. Guaranteed based on test during characterization.

2. Maximum frequency in Slave transmitter mode is determined by the sum of tv(SO) and tsu(MI) which has to fit into SCK low or 
high phase preceding the SCK sampling edge. This value can be achieved when the SPI communicates with a master 
having tsu(MI) = 0 while Duty(SCK) = 50% 

Table 64. SPI dynamic characteristics(1) (continued)

Symbol Parameter Conditions Min Typ Max Unit



Electrical characteristics STM32F469xx

172/217 DocID028196 Rev 4

Figure 63. Synchronous multiplexed NOR/PSRAM read timings
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Figure 79. SD default mode

         

         

Table 110. Dynamic characteristics: SD / MMC characteristics, VDD = 2.7 to 3.6 V(1)

Symbol Parameter Conditions Min Typ Max Unit

fPP Clock frequency in data transfer mode - 0 - 50 MHz

- SDIO_CK/fPCLK2 frequency ratio - - - 8/3 -

tW(CKL) Clock low time
fpp =50 MHz

9.5 10.5 -
ns

tW(CKH) Clock high time 8.5 9.5 -

CMD, D inputs (referenced to CK) in MMC and SD HS mode

tISU Input setup time HS
fpp =50 MHz

2.0 - -
ns

tIH Input hold time HS 2.0 - -

CMD, D outputs (referenced to CK) in MMC and SD HS mode

tOV Output valid time HS
fpp =50 MHz

- 13 13.5
ns

tOH Output hold time HS 12.5 - -

CMD, D inputs (referenced to CK) in SD default mode

tISUD Input setup time SD
fpp =25 MHz

2.0 - -
ns

tIHD Input hold time SD 2.5 - -

CMD, D outputs (referenced to CK) in SD default mode

tOVD Output valid default time SD
fpp =25 MHz

- 1.5 2.0
ns

tOHD Output hold default time SD 1.0 - -

1. Guaranteed based on test during characterization.
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Device Marking for LQFP176

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 marking example (package top view)

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.


