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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,
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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.
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used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
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range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"
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General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
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such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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2.32 Secure digital input/output interface (SDIO)

An SD/SDIO/MMC host interface is available, that supports 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 48 MHz, and is compliant with the SD Memory 
Card Specification Version 2.0.

The SDIO 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/SDIO/MMC4.2 card at any one time and a stack 
of MMC4.1 or previous.

In addition to SD/SDIO/MMC, this interface is fully compliant with the CE-ATA digital 
protocol Rev1.1.

2.33 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 (see the STM32F4xx reference manual for details)

• 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

2.34 Controller area network (bxCAN)

The two CANs are compliant with the 2.0A and B (active) specifications with a bitrate up to 1 
Mbit/s. They can receive and transmit standard frames with 11-bit identifiers as well as 
extended frames with 29-bit identifiers. Each CAN has three transmit mailboxes, two receive 
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Universal hash

– SHA-1 and SHA-2 (secure hash algorithms)

– MD5

– HMAC

The cryptographic accelerator supports DMA request generation.

2.39 Random number generator (RNG)

All devices embed an RNG that delivers 32-bit random numbers generated by an integrated 
analog circuit.

2.40 General-purpose input/outputs (GPIOs)

Each of the GPIO pins can be configured by software as output (push-pull or open-drain, 
with or without pull-up or pull-down), as input (floating, with or without pull-up or pull-down) 
or as peripheral alternate function. Most of the GPIO pins are shared with digital or analog 
alternate functions. All GPIOs are high-current-capable and have speed selection to better 
manage internal noise, power consumption and electromagnetic emission.

The I/O configuration can be locked if needed by following a specific sequence in order to 
avoid spurious writing to the I/Os registers.

Fast I/O handling allowing maximum I/O toggling up to 90 MHz.

2.41 Analog-to-digital converters (ADCs)

Three 12-bit analog-to-digital converters are embedded and each ADC shares up to 16 
external channels, performing conversions in the single-shot or scan mode. In scan mode, 
automatic conversion is performed on a selected group of analog inputs.

Additional logic functions embedded in the ADC interface allow:

• Simultaneous sample and hold

• Interleaved sample and hold

The ADC can be served by the DMA controller. An analog watchdog feature allows very 
precise monitoring of the converted voltage of one, some or all selected channels. An 
interrupt is generated when the converted voltage is outside the programmed thresholds.

To synchronize A/D conversion and timers, the ADCs could be triggered by any of TIM1, 
TIM2, TIM3, TIM4, TIM5, or TIM8 timer. 

2.42 Temperature sensor

The temperature sensor has to generate a voltage that varies linearly with temperature. The 
conversion range is between 1.7 V and 3.6 V. The temperature sensor is internally 
connected to the same input channel as VBAT, ADC1_IN18, which is used to convert the 
sensor output voltage into a digital value. When the temperature sensor and VBAT 
conversion are enabled at the same time, only VBAT conversion is performed.



Pinouts and pin description STM32F479xx

48/217 DocID028010 Rev 4

Figure 14. STM32F47x LQFP144 pinout

1. The above figure shows the package top view.
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6. If the device is delivered in an WLCSP168, UFBGA169, UFBGA176, LQFP176 or TFBGA216 package, and the 
BYPASS_REG pin is set to VDD (Regulator OFF/internal reset ON mode), then PA0 is used as an internal Reset (active 
low).

7. PI0 and PI1 cannot be used for I2S2 full-duplex mode.
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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



DocID028010 Rev 4 83/217

STM32F479xx Memory mapping

87

4 Memory mapping

The memory map is shown in Figure 21.

Figure 21. Memory map 
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5.3.10 Internal clock source characteristics

The parameters given in Table 39 and Table 40 are derived from tests performed under 
ambient temperature and VDD supply voltage conditions summarized in Table 17.

High-speed internal (HSI) RC oscillator

         

Figure 33. ACCHSI vs. temperature

1. Based on test during characterization.

Table 39. 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

- - - 1 %

HSI oscillator accuracy

TA = –40 to 105 °C(3)

3. Based on test during characterization.

− 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 µs

IDD(HSI)
(2) HSI oscillator power consumption - - 60 80 µA
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tLOCK PLL lock time
VCO freq = 192 MHz 75 - 200

µs
VCO freq = 432 MHz 100 - 300

Jitter(3)

Cycle-to-cycle jitter
System clock 
120 MHz

RMS - 25 -

ps

peak to peak - ±150 -

Period Jitter
RMS - 15 -

peak to peak - ±200 -

Main clock output (MCO) for RMII 
Ethernet

Cycle to cycle at 50 MHz on 
1000 samples

- 32 -

Main clock output (MCO) for MII 
Ethernet

Cycle to cycle at 25 MHz on 
1000 samples

- 40 -

Bit Time CAN jitter
Cycle to cycle at 1 MHz on 
1000 samples

- 330 -

IDD(PLL)
(4) PLL power consumption on VDD

VCO freq = 192 MHz

VCO freq = 432 MHz

0.15

0.45
-

0.40

0.75
mA

IDDA(PLL)
(4) PLL power consumption on VDDA

VCO freq = 192 MHz

VCO freq = 432 MHz

0.30

0.55
-

0.40

0.85

1. Take care of using the appropriate division factor M to obtain the specified PLL input clock values. The M factor is shared 
between PLL and PLLI2S.

2. Guaranteed by design.

3. The use of 2 PLLs in parallel can degrade the Jitter up to +30%.

4. Based on test during characterization.

Table 41. Main PLL characteristics (continued)

Symbol Parameter Conditions Min Typ Max Unit

Table 42. PLLI2S (audio PLL) characteristics

Symbol Parameter Conditions Min Typ Max Unit

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

MHzfPLLI2S_OUT
PLLI2S multiplier output 
clock

- - - 216

fVCO_OUT PLLI2S VCO output - 192 - 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
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Table 46. MIPI D-PHY AC characteristics LP mode and HS/LP transitions(1)

1. Guaranteed based on test during characterization.

Symbol Parameter Conditions  Min Typ Max Unit

TLPX
Transmitted length of any Low-
Power state period

- 50 - -

ns
TCLK-PREPARE

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

- 38 - 95

TCLK-PREPARE
+

TCLK-ZERO

Time that the transmitter drives 
the HS-0 state prior to starting 
the clock.

- 300 - -

TCLK-PRE

Time that the HS clock shall be 
driven by the transmitter prior to 
any associated Data Lane 
beginning the transition from 
LP to HS mode.

- 8 - - UI

TCLK-POST

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

- 62+52*UI - -

ns

TCLK-TRAIL

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

- 60 - -

THS-PREPARE

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

- 40+4*UI - 85+6*UI

THS-PREPARE
+

THS-ZERO

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

- 145+10*UI - -

THS-TRAIL

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

-
Max

(n*8*UI,
60+n*4*UI)

- -

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

- 100 - -

TREOT 30%-85% rise time and fall time - - - 35

TEOT

Transmitted time interval from 
the start of THS-TRAIL or
TCLK-TRAIL, to the start of the 
LP-11 state following a HS 
burst.

- - -
105+

n*12UI
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Figure 50. ULPI timing diagram

Table 71. USB HS clock timing parameters(1)

1. Guaranteed by design.

Symbol Parameter Min Typ Max Unit

-
fHCLK value to guarantee proper operation of 
USB HS interface 

30 - -

MHz
FSTART_8BIT Frequency (first transition) 8-bit ±10% 54 60 66

FSTEADY Frequency (steady state) ±500 ppm 59.97 60 60.03

DSTART_8BIT Duty cycle (first transition) 8-bit ±10% 40 50 60
%

DSTEADY Duty cycle (steady state) ±500 ppm 49.975 50 50.025

tSTEADY
Time to reach the steady state frequency and 
duty cycle after the first transition

- - 1.4 ms

tSTART_DEV Clock startup time after the 
de-assertion of SuspendM

Peripheral - - 5.6
ms

tSTART_HOST Host - - -

tPREP
PHY preparation time after the first transition 
of the input clock

- - - µs
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Figure 59. 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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Figure 60. Asynchronous non-multiplexed SRAM/PSRAM/NOR write waveforms

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

         

Table 90. Asynchronous non-multiplexed SRAM/PSRAM/NOR write timings(1)

1. Based on test during characterization.

Symbol Parameter Min Max Unit

tw(NE) FMC_NE low time 3THCLK 3THCLK+1

ns

tv(NWE_NE) FMC_NEx low to FMC_NWE low THCLK − 0.5 THCLK+ 0.5

tw(NWE) FMC_NWE low time THCLK THCLK+ 0.5

th(NE_NWE) FMC_NWE high to FMC_NE high hold time THCLK +1.5  -

tv(A_NE) FMC_NEx low to FMC_A valid  - 0

th(A_NWE) Address hold time after FMC_NWE high THCLK+0.5  -

tv(BL_NE) FMC_NEx low to FMC_BL valid  - 1.5

th(BL_NWE) FMC_BL hold time after FMC_NWE high THCLK+0.5  -

tv(Data_NE) Data to FMC_NEx low to Data valid  - THCLK+ 2

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

tv(NADV_NE) FMC_NEx low to FMC_NADV low  - 0.5

tw(NADV) FMC_NADV low time  - THCLK+ 0.5
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Synchronous waveforms and timings

Figures 63 through 66 represent synchronous waveforms and Table 96 through Table 99 
provide the corresponding timings. The results shown in these tables are obtained with the 
following FMC configuration:

• BurstAccessMode = FMC_BurstAccessMode_Enable;

• MemoryType = FMC_MemoryType_CRAM;

• WriteBurst = FMC_WriteBurst_Enable;

• CLKDivision = 1;

• DataLatency = 1 for NOR Flash; DataLatency = 0 for PSRAM

• CL = 30 pF on data and address lines. CL = 10 pF on FMC_CLK unless otherwise 
specified.

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

• For 2.7 V≤ VDD≤ 3.6 V, maximum FMC_CLK = 90 MHz at CL = 30 pF (on FMC_CLK).

• For 1.71 V≤ VDD<1.9 V, maximum FMC_CLK = 60 MHz at CL = 10 pF (on FMC_CLK).

Table 95. Asynchronous multiplexed PSRAM/NOR write-NWAIT timings(1)

1. Based on test during characterization.

Symbol Parameter Min Max Unit

tw(NE) FMC_NE low time 9THCLK  9THCLK+0.5

ns
tw(NWE) FMC_NWE low time 7THCLK 7THCLK+2

tsu(NWAIT_NE) FMC_NWAIT valid before FMC_NEx high 6THCLK+1.5 -

th(NE_NWAIT) FMC_NEx hold time after FMC_NWAIT invalid 4THCLK–1 -
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Figure 63. Synchronous multiplexed NOR/PSRAM read timings
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Figure 70. NAND controller waveforms for common memory write access

         

         

SDRAM waveforms and timings

• CL = 30 pF on data and address lines.

• CL = 10 pF on FMC_SDCLK unless otherwise specified.

Table 100. Switching characteristics for NAND Flash read cycles

Symbol Parameter Min Max Unit

tw(N0E) FMC_NOE low width 4THCLK − 0.5 4THCLK+0.5

ns

tsu(D-NOE) FMC_D[15-0] valid data before FMC_NOE high 9 -

th(NOE-D) FMC_D[15-0] valid data after FMC_NOE high 0 -

td(ALE-NOE) FMC_ALE valid before FMC_NOE low - 3THCLK − 0.5

th(NOE-ALE) FMC_NWE high to FMC_ALE invalid 3THCLK − 2 -

Table 101. Switching characteristics for NAND Flash write cycles

Symbol Parameter Min Max Unit

tw(NWE) FMC_NWE low width 4THCLK 4THCLK+1

ns

tv(NWE-D) FMC_NWE low to FMC_D[15-0] valid 0 -

th(NWE-D) FMC_NWE high to FMC_D[15-0] invalid 3THCLK − 1 -

td(D-NWE) FMC_D[15-0] valid before FMC_NWE high 5THCLK − 3 -

td(ALE-NWE) FMC_ALE valid before FMC_NWE low - 3THCLK−0.5

th(NWE-ALE) FMC_NWE high to FMC_ALE invalid 3THCLK − 1 -
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Figure 72. SDRAM write access waveforms

Table 103. LPSDR SDRAM read timings(1)

1. Guaranteed based on test during characterization.

Symbol Parameter Min Max Unit 

tW(SDCLK) FMC_SDCLK period 2THCLK − 0.5 2THCLK+0.5

ns

tsu(SDCLKH_Data) Data input setup time 2.5 -

th(SDCLKH_Data) Data input hold time 0 -

td(SDCLKL_Add) Address valid time - 1

td(SDCLKL_SDNE) Chip select valid time - 1

th(SDCLKL_SDNE) Chip select hold time 1 -

td(SDCLKL_SDNRAS SDNRAS valid time - 1

th(SDCLKL_SDNRAS) SDNRAS hold time 1 -

td(SDCLKL_SDNCAS) SDNCAS valid time - 1

th(SDCLKL_SDNCAS) SDNCAS hold time 1 -
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Figure 75. DCMI timing diagram

5.3.32 LCD-TFT controller (LTDC) characteristics

Unless otherwise specified, the parameters given in Table 109 for LCD-TFT are derived 
from tests performed under the ambient temperature, fHCLK frequency and VDD supply 
voltage summarized in Table 17, with the following configuration:

• LCD_CLK polarity: high

• LCD_DE polarity: low

• LCD_VSYNC and LCD_HSYNC polarity: high

• Pixel formats: 24 bits

• Output speed is set to OSPEEDRy[1:0] = 11

• Capacitive load CL = 30 pF

• Measurement points are done at CMOS levels: 0.5 VDD

Table 108. DCMI characteristics(1)

1. 1.Guaranteed based on test during characterization.

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 4 -

ns

th(DATA) Data input hold time 1 -

tsu(HSYNC)

tsu(VSYNC)
DCMI_HSYNC/DCMI_VSYNC input setup time 3.5 -

th(HSYNC)

th(VSYNC)
DCMI_HSYNC/DCMI_VSYNC input hold time 0 -
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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 LQFP208

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 96. LQFP208 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.


