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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
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Comm. interfaces

SPI/(I2S) 3/(2)(2)

I2C 3

USART
UART

4
2

USB OTG FS Yes

USB OTG HS Yes

CAN 2

Camera interface Yes

GPIOs 82 114 140

SDIO Yes

12-bit ADC
Number of channels

3

16 24 24

12-bit DAC
Number of channels

Yes
2

Maximum CPU frequency  120 MHz

Operating voltage  1.8 V to 3.6 V(3)

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

Junction temperature: –40 to + 125 °C

Package LQFP100 LQFP144
LQFP176/

UFBGA176

1. For the LQFP100 package, only FSMC Bank1 or Bank2 are available. Bank1 can only support a multiplexed NOR/PSRAM memory using the NE1 Chip 
Select. Bank2 can only support a 16- or 8-bit NAND Flash memory using the NCE2 Chip Select. The interrupt line cannot be used since Port G is not 
available in this package.

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

3. On devices in WLCSP64+2 package, if IRROFF is set to VDD, the supply voltage can drop to 1.7 V when the device operates in the 0 to 70 °C temperature 
range using an external power supply supervisor (see Section 3.16).

Table 3. STM32F207xx features and peripheral counts (continued)

Peripherals STM32F207Vx STM32F207Zx STM32F207Ix
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3.11 External interrupt/event controller (EXTI)

The external interrupt/event controller consists of 23 edge-detector lines used to generate 
interrupt/event requests. Each line can be independently configured to select the trigger 
event (rising edge, falling edge, both) and can be masked independently. A pending register 
maintains the status of the interrupt requests. The EXTI can detect an external line with a 
pulse width shorter than the Internal APB2 clock period. Up to 140 GPIOs can be connected 
to the 16 external interrupt lines.

3.12 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. The application can 
then select as system clock either the RC oscillator or an external 4-26 MHz clock source. 
This clock is monitored for failure. If failure is detected, the system automatically switches 
back to the internal RC oscillator and a software interrupt is generated (if enabled). Similarly, 
full interrupt management of the PLL clock entry is available when necessary (for example if 
an indirectly used external oscillator fails).

The advanced clock controller clocks the core and all peripherals using a single crystal or 
oscillator. In particular, the ethernet and USB OTG FS peripherals can be clocked by the 
system clock.

Several prescalers and PLLs allow the configuration of the three AHB buses, the high-
speed APB (APB2) and the low-speed APB (APB1) domains. The maximum frequency of 
the three AHB buses is 120 MHz and the maximum frequency the high-speed APB domains 
is 60 MHz. The maximum allowed frequency of the low-speed APB domain is 30 MHz.

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

3.13 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 by 
using USART1 (PA9/PA10), USART3 (PC10/PC11 or PB10/PB11), CAN2 (PB5/PB13), USB 
OTG FS in Device mode (PA11/PA12) through DFU (device firmware upgrade).

3.14 Power supply schemes

• VDD = 1.8 to 3.6 V: external power supply for I/Os and the internal regulator (when 
enabled), provided externally through VDD pins. On devices in WLCSP64+2 package, if 
IRROFF is set to VDD, the supply voltage can drop to 1.7 V when the device operates 
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3.20.4 Independent watchdog

The independent watchdog is based on a 12-bit downcounter and 8-bit prescaler. It is 
clocked from an independent 32 kHz internal RC and as it operates independently from the 
main clock, it can operate in Stop and Standby modes. It can be used either as a watchdog 
to reset the device when a problem occurs, or as a free-running timer for application timeout 
management. It is hardware- or software-configurable through the option bytes.
The counter can be frozen in debug mode.

3.20.5 Window watchdog

The window watchdog is based on a 7-bit downcounter that can be set as free-running. It 
can be used as a watchdog to reset the device when a problem occurs. It is clocked from 
the main clock. It has an early warning interrupt capability and the counter can be frozen in 
debug mode.

3.20.6 SysTick timer

This timer is dedicated to real-time operating systems, but could also be used as a standard 
downcounter. It features:

• A 24-bit downcounter

• Autoreload capability

• Maskable system interrupt generation when the counter reaches 0

• Programmable clock source

3.21 Inter-integrated circuit interface (I²C)

Up to three I2C bus interfaces can operate in multimaster and slave modes. They can 
support the Standard- and Fast-modes. They support the 7/10-bit addressing mode and the 
7-bit dual addressing mode (as slave). A hardware CRC generation/verification is 
embedded.

They can be served by DMA and they support SMBus 2.0/PMBus.

3.22 Universal synchronous/asynchronous receiver transmitters
(UARTs/USARTs)

The STM32F20x devices embed four universal synchronous/asynchronous receiver 
transmitters (USART1, USART2, USART3 and USART6) and two universal asynchronous 
receiver transmitters (UART4 and UART5).

These six interfaces provide asynchronous communication, IrDA SIR ENDEC support, 
multiprocessor communication mode, single-wire half-duplex communication mode and 
have LIN Master/Slave capability. The USART1 and USART6 interfaces are able to 
communicate at speeds of up to 7.5 Mbit/s. The other available interfaces communicate at 
up to 3.75 Mbit/s.

USART1, USART2, USART3 and USART6 also provide hardware management of the CTS 
and RTS signals, Smart Card mode (ISO 7816 compliant) and SPI-like communication 
capability. All interfaces can be served by the DMA controller.
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- - - - 130 D13 PH15 I/O FT -
TIM8_CH3N, DCMI_D11, 

EVENTOUT
-

- - - - 131 E14 PI0 I/O FT -
TIM5_CH4, SPI2_NSS, 
I2S2_WS, DCMI_D13, 

EVENTOUT
-

- - - - 132 D14 PI1 I/O FT -
SPI2_SCK, I2S2_SCK, 
DCMI_D8, EVENTOUT

-

- - - - 133 C14 PI2 I/O FT -
TIM8_CH4 ,SPI2_MISO, 
DCMI_D9, EVENTOUT

-

- - - - 134 C13 PI3 I/O FT -
TIM8_ETR, SPI2_MOSI, 

I2S2_SD, DCMI_D10, 
EVENTOUT

-

- - - - 135 D9 VSS S - - - -

- - - - 136 C9 VDD S - - - -

49 A1 76 109 137 A14
PA14

(JTCK-SWCLK)
I/O FT - JTCK-SWCLK, EVENTOUT -

50 A2 77 110 138 A13 PA15 (JTDI) I/O FT -
JTDI, SPI3_NSS, 

I2S3_WS,TIM2_CH1_ETR, 
SPI1_NSS, EVENTOUT

-

51 B3 78 111 139 B14 PC10 I/O FT -

SPI3_SCK, I2S3_SCK, 
UART4_TX, SDIO_D2, 

DCMI_D8, USART3_TX, 
EVENTOUT

-

52 C3 79 112 140 B13 PC11 I/O FT -

UART4_RX, SPI3_MISO, 
SDIO_D3, 

DCMI_D4,USART3_RX, 
EVENTOUT

-

53 A3 80 113 141 A12 PC12 I/O FT -

UART5_TX, SDIO_CK, 
DCMI_D9, SPI3_MOSI, 
I2S3_SD, USART3_CK, 

EVENTOUT

-

- - 81 114 142 B12 PD0 I/O FT -
FSMC_D2,CAN1_RX, 

EVENTOUT
-

- - 82 115 143 C12 PD1 I/O FT -
FSMC_D3, CAN1_TX, 

EVENTOUT
-

Table 8. STM32F20x pin and ball definitions (continued)

Pins

Pin name

(function after 
reset)(1)
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PE5 - A21 A21 - Yes

PE6 - A22 A22 - Yes

PF0 A0 A0 - - -

PF1 A1 A1 - - -

PF2 A2 A2 - - -

PF3 A3 A3 - - -

PF4 A4 A4 - - -

PF5 A5 A5 - - -

PF6 NIORD - - - -

PF7 NREG - - - -

PF8 NIOWR - - - -

PF9 CD - - - -

PF10 INTR - - - -

PF12 A6 A6 - - -

PF13 A7 A7 - - -

PF14 A8 A8 - - -

PF15 A9 A9 - - -

PG0 A10 A10 - - -

PG1 - A11 - - -

PE7 D4 D4 DA4 D4 Yes

PE8 D5 D5 DA5 D5 Yes

PE9 D6 D6 DA6 D6 Yes

PE10 D7 D7 DA7 D7 Yes

PE11 D8 D8 DA8 D8 Yes

PE12 D9 D9 DA9 D9 Yes

PE13 D10 D10 DA10 D10 Yes

PE14 D11 D11 DA11 D11 Yes

PE15 D12 D12 DA12 D12 Yes

PD8 D13 D13 DA13 D13 Yes

PD9 D14 D14 DA14 D14 Yes

PD10 D15 D15 DA15 D15 Yes

PD11 - A16 A16 CLE Yes

PD12 - A17 A17 ALE Yes

Table 9. FSMC pin definition (continued)

Pins
FSMC

LQFP100
CF NOR/PSRAM/SRAM NOR/PSRAM Mux NAND 16 bit



S
T

M
3

2F
2

0x
xx

P
in

o
u

ts
 a

n
d

 p
in

 d
es

c
rip

tio
n

D
ocID

158
18 R

ev 13
65/182

Port H

PH0 - 
OSC_IN

- - - - - - - - - - - - - - - EVENTOUT

PH1 - 
OSC_OUT

- - - - - - - - - - - - EVENTOUT

PH2 - - - - - - - - ETH _MII_CRS - - - EVENTOUT

PH3 - - - - - - - - ETH _MII_COL - - - EVENTOUT

PH4 - - I2C2_SCL - - - - -
OTG_HS_ULPI_N

XT 
- - - - EVENTOUT

PH5 - - I2C2_SDA - - - - - - - - - - EVENTOUT

PH6 - - I2C2_SMBA - - - - TIM12_CH1 - ETH _MII_RXD2 - - - EVENTOUT

PH7 - - I2C3_SCL - - - - - - ETH _MII_RXD3 - - - EVENTOUT

PH8 - - I2C3_SDA - - - - - - - - DCMI_HSYNC - EVENTOUT

PH9 - - I2C3_SMBA - - - - TIM12_CH2 - - - DCMI_D0 - EVENTOUT

PH10 - - TIM5_CH1 - - - - - - - - DCMI_D1 - EVENTOUT

PH11 - - TIM5_CH2 - - - - - - - - DCMI_D2 - EVENTOUT

PH12 - - TIM5_CH3 - - - - - - - - DCMI_D3 - EVENTOUT

PH13 - - TIM8_CH1N - - - - CAN1_TX - - - - - EVENTOUT

PH14 - - TIM8_CH2N - - - - - - - - DCMI_D4 - EVENTOUT

PH15 - - TIM8_CH3N - - - - - - - - DCMI_D11 - EVENTOUT

Port I

PI0 - - TIM5_CH4 
SPI2_NSS 
I2S2_WS 

- - - - - - - DCMI_D13 - EVENTOUT

PI1 - -
SPI2_SCK 
I2S2_SCK 

- - - - - - - DCMI_D8 - EVENTOUT

PI2 - - TIM8_CH4 SPI2_MISO - - - - - - - DCMI_D9 - EVENTOUT

PI3 - - TIM8_ETR 
SPI2_MOSI 

I2S2_SD 
- - - - - - - DCMI_D10 - EVENTOUT

PI4 - - TIM8_BKIN - - - - - - - - DCMI_D5 - EVENTOUT

PI5 - - TIM8_CH1 - - - - - - - - DCMI_VSYNC - EVENTOUT

PI6 - - TIM8_CH2 - - - - - - - - DCMI_D6 - EVENTOUT

PI7 - - TIM8_CH3 - - - - - - - - DCMI_D7 - EVENTOUT

PI8 - - - - - - - - - - - - EVENTOUT

PI9 - - - - - - CAN1_RX - - - - - EVENTOUT

PI10 - - - - - - - - ETH _MII_RX_ER - - - EVENTOUT

PI11 - - - - - - -
OTG_HS_ULPI_

DIR 
- - - - EVENTOUT

Table 10. Alternate function mapping (continued)

Port

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

AF014 AF15
SYS TIM1/2 TIM3/4/5 TIM8/9/10/11 I2C1/I2C2/I2C3 SPI1/SPI2/I2S2 SPI3/I2S3 USART1/2/3

UART4/5/
USART6

CAN1/CAN2/
TIM12/13/14

OTG_FS/ OTG_HS ETH
FSMC/SDIO/

OTG_HS
DCMI
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6.3.6 Supply current characteristics

The current consumption is a function of several parameters and factors such as the 
operating voltage, ambient temperature, I/O pin loading, device software configuration, 
operating frequencies, I/O pin switching rate, program location in memory and executed 
binary code.

The current consumption is measured as described in Figure 20: Current consumption 
measurement scheme.

All Run mode current consumption measurements given in this section are performed using 
CoreMark code.

VBOR2
Brownout level 2 
threshold

Falling edge 2.44 2.50 2.56 V

Rising edge 2.53 2.59 2.63 V

VBOR3
Brownout level 3 
threshold

Falling edge 2.75 2.83 2.88 V

Rising edge 2.85 2.92 2.97 V

VBORhyst
(1) BOR hysteresis - - 100 - mV

TRSTTEMPO
(1)(2) Reset temporization - 0.5 1.5 3.0 ms

IRUSH
(1)

InRush current on 
voltage regulator 
power-on (POR or 
wakeup from Standby)

- - 160 200 mA

ERUSH
(1)

InRush energy on 
voltage regulator 
power-on (POR or 
wakeup from Standby)

VDD = 1.8 V, TA = 105 °C, 

IRUSH = 171 mA for 31 µs
- - 5.4 µC

1. Guaranteed by design, not tested in production.

2. The reset temporization is measured from the power-on (POR reset or wakeup from VBAT) to the instant 
when first instruction is read by the user application code.

Table 19. Embedded reset and power control block characteristics (continued)

Symbol Parameter Conditions Min Typ Max Unit
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APB1

TIM2 0.61

mA

TIM3 0.49

TIM4 0.54

TIM5 0.62

TIM6 0.20

TIM7 0.20

TIM12 0.36

TIM13 0.28

TIM14 0.25

USART2 0.25

USART3 0.25

UART4 0.25

UART5 0.26

I2C1 0.25

I2C2 0.25

I2C3 0.25

SPI2 0.20/0.10

SPI3 0.18/0.09

CAN1 0.31

CAN2 0.30

DAC channel 1(2) 1.11

DAC channel 1(3) 1.11

PWR 0.15

WWDG 0.15

Table 26. Peripheral current consumption (continued)

Peripheral(1) Typical consumption at 25 °C Unit
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6.3.8 External clock source characteristics

High-speed external user clock generated from an external source

The characteristics given in Table 28 result from tests performed using an high-speed 
external clock source, and under ambient temperature and supply voltage conditions 
summarized in Table 14.

         

Low-speed external user clock generated from an external source

The characteristics given in Table 29 result from tests performed using an low-speed 
external clock source, and under ambient temperature and supply voltage conditions 
summarized in Table 14.

         

Table 28. High-speed external user clock characteristics

Symbol Parameter Conditions Min Typ Max Unit

fHSE_ext
External user clock source 
frequency(1)

-

1 - 26 MHz

VHSEH OSC_IN input pin high level voltage 0.7VDD - VDD
V

VHSEL OSC_IN input pin low level voltage VSS - 0.3VDD

tw(HSE)
tw(HSE)

OSC_IN high or low time(1)

1. Guaranteed by design, not tested in production.

5 - -

ns
tr(HSE)
tf(HSE)

OSC_IN rise or fall time(1) - - 20

Cin(HSE) OSC_IN input capacitance(1) - - 5 - pF

DuCy(HSE) Duty cycle - 45 - 55 %

IL OSC_IN Input leakage current VSS ≤ VIN ≤VDD - - ±1 µA

Table 29. Low-speed external user clock characteristics

Symbol Parameter Conditions Min Typ Max Unit

fLSE_ext User External clock source frequency(1)

1. Guaranteed by design, not tested in production.

-

- 32.768 1000 kHz

VLSEH OSC32_IN input pin high level voltage 0.7VDD - VDD
V

VLSEL OSC32_IN input pin low level voltage VSS - 0.3VDD

tw(LSE)
tf(LSE)

OSC32_IN high or low time(1) 450 - -

ns
tr(LSE)
tf(LSE)

OSC32_IN rise or fall time(1) - - 50

Cin(LSE) OSC32_IN input capacitance(1) - - 5 - pF

DuCy(LSE) Duty cycle - 30 - 70 %

IL OSC32_IN Input leakage current VSS ≤VIN ≤VDD - - ±1 µA
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Note: For information on electing the crystal, refer to the application note AN2867 “Oscillator 
design guide for ST microcontrollers” available from the ST website www.st.com.

Figure 33. Typical application with a 32.768 kHz crystal

6.3.9 Internal clock source characteristics

The parameters given in Table 32 and Table 33 are derived from tests performed under 
ambient temperature and VDD supply voltage conditions summarized in Table 14.

High-speed internal (HSI) RC oscillator

         

Table 31. LSE oscillator characteristics (fLSE = 32.768 kHz) (1)

1. Guaranteed by design, not tested in production.

Symbol Parameter Conditions Min Typ Max Unit

RF Feedback resistor - - 18.4 - MΩ 

IDD LSE current consumption - - - 1 µA

gm Oscillator Transconductance - 2.8 - - µA/V

tSU(LSE)
(2)

2. tSU(LSE) is the startup time measured from the moment it is enabled (by software) to a stabilized 
32.768 kHz oscillation is reached. This value is measured for a standard crystal resonator and it can vary 
significantly with the crystal manufacturer

startup time  VDD is stabilized - 2 - s

Table 32. HSI oscillator characteristics (1)

1. VDD = 3.3 V, TA = –40 to 105 °C unless otherwise specified.

Symbol Parameter Conditions Min Typ Max Unit

fHSI Frequency - - 16 - MHz 

ACCHSI

HSI user-trimming step(2)

2. Guaranteed by design, not tested in production.

- - - 1 %

Accuracy of the
HSI oscillator

TA = –40 to 105 °C(3)

3. Guaranteed by characterization results.

– 8 - 4.5 %

TA = –10 to 85 °C(3) – 4 - 4 %

TA = 25 °C(4)

4. Factory calibrated, parts not soldered.

– 1 - 1 %

tsu(HSI)
(2) HSI oscillator startup time - - 2.2 4.0 µs

IDD(HSI)
(2) HSI oscillator power consumption - - 60 80 µA
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Figure 36 and Figure 37 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 36. PLL output clock waveforms in center spread mode

Figure 37. PLL output clock waveforms in down spread mode

6.3.12 Memory characteristics

Flash memory

The characteristics are given at TA = –40 to 105 °C unless otherwise specified.
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Figure 38. FT I/O input characteristics

         

Output driving current

The GPIOs (general purpose input/outputs) can sink or source up to ±8 mA, and sink or 
source up to ±20 mA (with a relaxed VOL/VOH) except PC13, PC14 and PC15 which can 
sink or source up to ±3mA. When using the PC13 to PC15 GPIOs in output mode, the speed 
should not exceed 2 MHz with a maximum load of 30 pF.

In the user application, the number of I/O pins which can drive current must be limited to 
respect the absolute maximum rating specified in Section 6.2:

• The sum of the currents sourced by all the I/Os on VDD, plus the maximum Run 
consumption of the MCU sourced on VDD, cannot exceed the absolute maximum rating 
IVDD (see Table 12). 

• The sum of the currents sunk by all the I/Os on VSS plus the maximum Run 
consumption of the MCU sunk on VSS cannot exceed the absolute maximum rating 
IVSS (see Table 12). 

Output voltage levels

Unless otherwise specified, the parameters given in Table 47 are derived from tests 
performed under ambient temperature and VDD supply voltage conditions summarized in 
Table 14. All I/Os are CMOS and TTL compliant.
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6.3.19 Communications interfaces

I2C interface characteristics

STM32F205xx and STM32F207xx I2C interface meets the requirements of the standard I2C 
communication protocol with the following restrictions: the I/O pins SDA and SCL are 
mapped to are not “true” open-drain. When configured as open-drain, the PMOS connected 
between the I/O pin and VDD is disabled, but is still present.

The I2C characteristics are described in Table 52. Refer also to Section 6.3.16: I/O port 
characteristics for more details on the input/output alternate function characteristics (SDA 
and SCL).

Table 51. Characteristics of TIMx connected to the APB2 domain(1)

1. TIMx is used as a general term to refer to the TIM1, TIM8, TIM9, TIM10, and TIM11 timers.

Symbol Parameter Conditions Min Max Unit

tres(TIM) Timer resolution time

AHB/APB2 
prescaler distinct 
from 1, fTIMxCLK = 

120 MHz

1 - tTIMxCLK

8.3 - ns

AHB/APB2 
prescaler = 1, 
fTIMxCLK = 60 MHz

1 - tTIMxCLK

16.7 - ns

fEXT
Timer external clock 
frequency on CH1 to CH4

 fTIMxCLK = 120 MHz

APB2 = 60 MHz

0 fTIMxCLK/2 MHz

0 60 MHz

ResTIM Timer resolution - 16 bit

tCOUNTER

16-bit counter clock period 
when internal clock is 
selected

1 65536 tTIMxCLK

0.0083 546 µs

tMAX_COUNT Maximum possible count
- 65536 × 65536 tTIMxCLK

- 35.79 s
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Table 52. I2C characteristics 

Symbol Parameter

Standard mode 
I2C(1)(2)

1. Guaranteed by design, not tested in production.

Fast mode I2C(1)(2)

2. fPCLK1 must be at least 2 MHz to achieve standard mode I2C frequencies. It must be at least 4 MHz to 
achieve fast mode I2C frequencies, and a multiple of 10 MHz to reach the 400 kHz maximum I2C fast mode 
clock.

Unit

Min Max Min Max

tw(SCLL) SCL clock low time 4.7 - 1.3 -
µs

tw(SCLH) SCL clock high time 4.0 - 0.6 -

tsu(SDA) SDA setup time 250 - 100 -

ns

th(SDA) SDA data hold time - 3450(3) - 900(3)

3. The maximum Data hold time has only to be met if the interface does not stretch the low period of the SCL 
signal.

tr(SDA)
tr(SCL)

SDA and SCL rise time - 1000 - 300

tf(SDA)
tf(SCL)

SDA and SCL fall time - 300 - 300 

th(STA) Start condition hold time 4.0 - 0.6 -

µs
tsu(STA)

Repeated Start condition 
setup time

4.7 - 0.6 -

tsu(STO) Stop condition setup time 4.0 - 0.6 - μs

tw(STO:STA)
Stop to Start condition time 
(bus free)

4.7 - 1.3 - μs

Cb
Capacitive load for each bus 
line

- 400 - 400 pF

tSP

Pulse width of the spikes 
that are suppressed by the 
analog filter 

0 50(4)

4. The minimum width of the spikes filtered by the analog filter is above tSP(max).

0 50 ns
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Table 55. I2S characteristics

Symbol Parameter Conditions Min Max Unit

fCK
1/tc(CK)

I2S clock frequency

Master, 16-bit data, 
audio frequency = 48 kHz, main 
clock disabled

 1.23  1.24
MHz

Slave 0  64FS
(1)

tr(CK)
tf(CK)

I2S clock rise and fall time Capacitive load CL = 50 pF -  (2)

ns

tv(WS) 
(3) WS valid time Master 0.3 -

th(WS) 
(3) WS hold time Master 0 -

tsu(WS) 
(3) WS setup time Slave 3 -

th(WS) 
(3) WS hold time Slave 0 -

tw(CKH) 
(3)

tw(CKL) 
(3) CK high and low time Master fPCLK= 30 MHz  396 -

tsu(SD_MR) 
(3)

tsu(SD_SR) 
(3) Data input setup time

Master receiver
Slave receiver

 45
0

-

th(SD_MR)
(3)(4)

th(SD_SR) 
(3)(4) Data input hold time

Master receiver: fPCLK= 30 MHz, 
Slave receiver: fPCLK= 30 MHz

13
0

-

tv(SD_ST) 
(3)(4) Data output valid time

Slave transmitter (after enable 
edge) 

-  30

th(SD_ST) 
(3) Data output hold time

Slave transmitter (after enable 
edge)

10 -

tv(SD_MT) 
(3)(4) Data output valid time

Master transmitter (after enable 
edge)

-  6

th(SD_MT) 
(3) Data output hold time

Master transmitter (after enable 
edge)

 0 -

1. FS is the sampling frequency. Refer to the I2S section of the STM32F20xxx/21xxx reference manual for more details. fCK 
values reflect only the digital peripheral behavior which leads to a minimum of (I2SDIV/(2*I2SDIV+ODD), a maximum of 
(I2SDIV+ODD)/(2*I2SDIV+ODD) and FS maximum values for each mode/condition.

2. Refer to Table 48: I/O AC characteristics.

3. Guaranteed by design, not tested in production.

4. Depends on fPCLK. For example, if fPCLK=8 MHz, then TPCLK = 1/fPLCLK =125 ns.
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Table 65 gives the list of Ethernet MAC signals for MII and Figure 50 shows the 
corresponding timing diagram.

Figure 51. Ethernet MII timing diagram

         

CAN (controller area network) interface

Refer to Section 6.3.16: I/O port characteristics for more details on the input/output alternate 
function characteristics (CANTX and CANRX).

Table 65. Dynamics characteristics: Ethernet MAC signals for MII

Symbol Rating Min Typ Max Unit

tsu(RXD) Receive data setup time 7.5 - - ns

tih(RXD) Receive data hold time 1 - - ns

tsu(DV) Data valid setup time 4 - - ns

tih(DV) Data valid hold time 0 - - ns

tsu(ER) Error setup time 3.5 - - ns

tih(ER) Error hold time 0 - - ns

td(TXEN) Transmit enable valid delay time - 11 14 ns

td(TXD) Transmit data valid delay time - 11 14 ns

MII_RX_CLK

MII_RXD[3:0]
MII_RX_DV
MII_RX_ER

td(TXEN)
td(TXD)

tsu(RXD)
tsu(ER)
tsu(DV)

tih(RXD)
tih(ER)
tih(DV)

ai15668

MII_TX_CLK

MII_TX_EN
MII_TXD[3:0]
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Figure 58. Asynchronous non-multiplexed SRAM/PSRAM/NOR write waveforms

1. Mode 2/B, C and D only. In Mode 1, FSMC_NADV is not used.

         

Table 73. Asynchronous non-multiplexed SRAM/PSRAM/NOR write timings(1)(2)

1. CL = 30 pF.

2. Guaranteed by characterization results, not tested in production.

Symbol Parameter Min Max Unit

tw(NE) FSMC_NE low time 3THCLK 3THCLK+ 4 ns

tv(NWE_NE) FSMC_NEx low to FSMC_NWE low THCLK– 0.5 THCLK+ 0.5 ns

tw(NWE) FSMC_NWE low time THCLK– 0.5 THCLK+ 3 ns

th(NE_NWE)
FSMC_NWE high to FSMC_NE high hold 
time

THCLK  - ns

tv(A_NE) FSMC_NEx low to FSMC_A valid  - 0 ns

th(A_NWE) Address hold time after FSMC_NWE high THCLK- 3  - ns

tv(BL_NE) FSMC_NEx low to FSMC_BL valid  - 0.5 ns

th(BL_NWE)
FSMC_BL hold time after FSMC_NWE 
high

THCLK– 1  - ns

tv(Data_NE) Data to FSMC_NEx low to Data valid  - THCLK+ 5 ns

th(Data_NWE) Data hold time after FSMC_NWE high THCLK+0.5  - ns

tv(NADV_NE) FSMC_NEx low to FSMC_NADV low  - 2 ns

tw(NADV) FSMC_NADV low time  - THCLK+ 1.5 ns
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Figure 85. LQFP144 - 144-pin,20 x 20 mm low-profile quad flat package
recommended footprint

1. Dimensions are expressed in millimeters.
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HD 25.900 - 26.100 1.0197 - 1.0276

ZD - 1.250 - - 0.0492 -

E 23.900 - 24.100 0.9409 - 0.9488

HE 25.900 - 26.100 1.0197 - 1.0276

ZE - 1.250 - - 0.0492 -

e - 0.500 - - 0.0197 -

L(2) 0.450 - 0.750 0.0177 - 0.0295

L1 - 1.000 - - 0.0394 -

k 0° - 7° 0° - 7°

ccc - - 0.080 - - 0.0031

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

2. L dimension is measured at gauge plane at 0.25 mm above the seating plane.

Table 92. LQFP176 - 176-pin, 24 x 24 mm low profile quad flat package
mechanical data (continued)

Symbol

Dimensions

millimeters inches(1)

Min. Typ. Max. Min. Typ. Max.


