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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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The DMA can be used with the main peripherals: 

• SPI and I2S

• I2C

• USART

• General-purpose, basic and advanced-control timers TIMx

• DAC

• SDIO

• Camera interface (DCMI)

• ADC

• SAI1.

3.9 Flexible memory controller (FMC)

All devices embed an FMC. It has four Chip Select outputs supporting the following modes: 
PCCard/Compact Flash, SDRAM/LPSDR SDRAM, SRAM, PSRAM, NOR Flash and NAND 
Flash.

Functionality overview:

• 8-,16-, 32-bit data bus width

• Read FIFO for SDRAM controller

• Write FIFO

• Maximum FMC_CLK/FMC_SDCLK frequency for synchronous accesses is 90 MHz.

LCD parallel interface

The FMC can be configured to interface seamlessly with most graphic LCD controllers. It 
supports the Intel 8080 and Motorola 6800 modes, and is flexible enough to adapt to 
specific LCD interfaces. This LCD parallel interface capability makes it easy to build cost-
effective graphic applications using LCD modules with embedded controllers or high 
performance solutions using external controllers with dedicated acceleration.

3.10 LCD-TFT controller (available only on STM32F429xx)

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

• 2 displays layers with dedicated FIFO (64x32-bit)

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

• Up to 8 Input color formats selectable per layer

• Flexible blending between two layers using alpha value (per pixel or constant)

• Flexible programmable parameters for each layer 

• Color keying (transparency color)

• Up to 4 programmable interrupt events.
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FIFOS with 3 stages and 28 shared scalable filter banks (all of them can be used even if one 
CAN is used). 256 bytes of SRAM are allocated for each CAN.

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

The devices embed an USB OTG full-speed device/host/OTG peripheral with integrated 
transceivers. The USB OTG FS peripheral is compliant with the USB 2.0 specification and 
with the OTG 1.0 specification. It has software-configurable endpoint setting and supports 
suspend/resume. The USB OTG full-speed controller requires a dedicated 48 MHz clock 
that is generated by a PLL connected to the HSE oscillator. The major features are:

• Combined Rx and Tx FIFO size of 320 × 35 bits with dynamic FIFO sizing

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

• 4 bidirectional endpoints

• 8 host channels with periodic OUT support

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

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

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

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

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

The major features are:

• Combined Rx and Tx FIFO size of 1 Kbit × 35 with dynamic FIFO sizing

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

• 6 bidirectional endpoints

• 12 host channels with periodic OUT support

• Internal FS OTG PHY support 

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

• Internal USB DMA

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

• for OTG/Host modes, a power switch is needed in case bus-powered devices are 
connected
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4 4 D1 B2 4 D9 4 B1 PE5 I/O FT -

TRACED2, TIM9_CH1, 
SPI4_MISO, 

SAI1_SCK_A, 
FMC_A21, DCMI_D6, 
LCD_G0, EVENTOUT

-

5 5 D2 B3 5 E8 5 B2 PE6 I/O FT -

TRACED3, TIM9_CH2, 
SPI4_MOSI, 

SAI1_SD_A, FMC_A22, 
DCMI_D7, LCD_G1, 

EVENTOUT

-

- - - - - - - G6 VSS S - - - -

- - - - - - - F5 VDD S - - - -

6 6 E5 C1 6 C11 6 C1 VBAT S - - - -

- -
NC
(2) D2 7 - 7 C2 PI8 I/O FT

(3)

(4) EVENTOUT TAMP_2

7 7 E4 D1 8 D10 8 D1 PC13 I/O FT
(3)

(4) EVENTOUT TAMP_1

8 8 E1 E1 9 D11 9 E1
PC14-

OSC32_IN

(PC14)
I/O FT

(3)

(4) EVENTOUT
OSC32_IN

(5)

9 9 F1 F1 10 E11 10 F1
PC15-

OSC32_OUT

(PC15)
I/O FT

(3)

(4) EVENTOUT
OSC32_
OUT(5)

- - - - - - - G5 VDD S - - - -

- - E2 D3 11 - 11 E4 PI9 I/O FT -
CAN1_RX, FMC_D30, 

LCD_VSYNC, 
EVENTOUT

-

- - E3 E3 12 - 12 D5 PI10 I/O FT -

ETH_MII_RX_ER, 
FMC_D31, 

LCD_HSYNC, 
EVENTOUT

-

- -
NC
(2) E4 13 - 13 F3 PI11 I/O FT -

OTG_HS_ULPI_DIR, 
EVENTOUT

-

- - F6 F2 14 E7 14 F2 VSS S - - - -

- - F4 F3 15 E10 15 F4 VDD S - - - -

Table 10. STM32F427xx and STM32F429xx pin and ball definitions (continued)
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Port A

PA13
JTMS-
SWDI

O
- - - - - - - - - - - - - -

EVEN
TOUT

PA14
JTCK-
SWCL

K
- - - - - - - - - - - - - -

EVEN
TOUT

PA15 JTDI
TIM2_

CH1/TIM2
_ETR

- - -
SPI1_
NSS

SPI3_
NSS/

I2S3_WS
- - - - - - - -

EVEN
TOUT

Port B

PB0 -
TIM1_
CH2N

TIM3_
CH3

TIM8_
CH2N

- - - - - LCD_R3
OTG_HS_
ULPI_D1

ETH_MII_
RXD2

- - -
EVEN
TOUT

PB1 -
TIM1_
CH3N

TIM3_
CH4

TIM8_
CH3N

- - - - - LCD_R6
OTG_HS_
ULPI_D2

ETH_MII_
RXD3

- - -
EVEN
TOUT

PB2 - - - - - - - - - - - - - - -
EVEN
TOUT

PB3
JTDO/
TRAC
ESWO

TIM2_
CH2

- - -
SPI1_
SCK

SPI3_
SCK/

I2S3_CK
- - - - - - - -

EVEN
TOUT

PB4
NJTR

ST
-

TIM3_
CH1

- -
SPI1_
MISO

SPI3_
MISO

I2S3ext_
SD

- - - - - - -
EVEN
TOUT

PB5 - -
TIM3_
CH2

-
I2C1_
SMBA

SPI1_
MOSI

SPI3_
MOSI/

I2S3_SD
- - CAN2_RX

OTG_HS_
ULPI_D7

ETH_PPS
_OUT

FMC_
SDCKE1

DCMI_
D10

-
EVEN
TOUT

PB6 - -
TIM4_
CH1

-
I2C1_
SCL

- -
USART1_

TX
- CAN2_TX - -

FMC_
SDNE1

DCMI_
D5

-
EVEN
TOUT

PB7 - -
TIM4_
CH2

-
I2C1_
SDA

- -
USART1_

RX
- - - - FMC_NL

DCMI_
VSYNC

-
EVEN
TOUT

PB8 - -
TIM4_
CH3

TIM10_
CH1

I2C1_
SCL

- - - - CAN1_RX -
ETH_MII_

TXD3
SDIO_D4

DCMI_
D6

LCD_B6
EVEN
TOUT

PB9 - -
TIM4_
CH4

TIM11_
CH1

I2C1_
SDA

SPI2_
NSS/I2
S2_WS

- - - CAN1_TX - - SDIO_D5
DCMI_

D7
LCD_B7

EVEN
TOUT

PB10 -
TIM2_
CH3

- -
I2C2_
SCL

SPI2_
SCK/I2
S2_CK

-
USART3_

TX
- -

OTG_HS_
ULPI_D3

ETH_MII_
RX_ER

- - LCD_G4
EVEN
TOUT

Table 12. STM32F427xx and STM32F429xx alternate function mapping (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

SPI3/
USART1/

2/3

USART6/
UART4/5/7

/8

CAN1/2/
TIM12/13/14

/LCD

OTG2_HS
/OTG1_

FS
ETH

FMC/SDIO
/OTG2_FS

DCMI LCD SYS
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Port 
G

PG9 - - - - - - - -
USART6_

RX
- - -

FMC_NE2/
FMC_
NCE3

DCMI_
VSYNC

(1)
-

EVEN
TOUT

PG10 - - - - - - - - - LCD_G3 - -
FMC_

NCE4_1/
FMC_NE3

DCMI_
D2

LCD_B2
EVEN
TOUT

PG11 - - - - - - - - - - -

ETH_MII_
TX_EN/

ETH_RMII
_TX_EN

FMC_
NCE4_2

DCMI_
D3

LCD_B3
EVEN
TOUT

PG12 - - - - -
SPI6_
MISO

- -
USART6_

RTS
LCD_B4 - - FMC_NE4 - LCD_B1

EVEN
TOUT

PG13 - - - - -
SPI6_
SCK

- -
USART6_

CTS
- -

ETH_MII_
TXD0/

ETH_RMII
_TXD0

FMC_A24 - -
EVEN
TOUT

PG14 - - - - -
SPI6_
MOSI

- -
USART6_

TX
- -

ETH_MII_
TXD1/

ETH_RMII
_TXD1

FMC_A25 - -
EVEN
TOUT

PG15 - - - - - - - -
USART6_

CTS
- - -

FMC_
SDNCAS

DCMI_
D13

-
EVEN
TOUT

Port 
H

PH0 - - - - - - - - - - - - - - -
EVEN
TOUT

PH1 - - - - - - - - - - - - - - -
EVEN
TOUT

PH2 - - - - - - - - - - -
ETH_MII_

CRS
FMC_

SDCKE0
- LCD_R0

EVEN
TOUT

PH3 - - - - - - - - - - -
ETH_MII_

COL
FMC_SDN

E0
- LCD_R1

EVEN
TOUT

PH4 - - - -
I2C2_
SCL

- - - - -
OTG_HS_
ULPI_NXT

- - - -
EVEN
TOUT

PH5 - - - -
I2C2_
SDA

SPI5_N
SS

- - - - - -
FMC_SDN

WE
- -

EVEN
TOUT

PH6 - - - -
I2C2_
SMBA

SPI5_
SCK

- - - TIM12_CH1 - -
FMC_

SDNE1
DCMI_

D8
- -

Table 12. STM32F427xx and STM32F429xx alternate function mapping (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

SPI3/
USART1/

2/3

USART6/
UART4/5/7

/8

CAN1/2/
TIM12/13/14

/LCD

OTG2_HS
/OTG1_

FS
ETH

FMC/SDIO
/OTG2_FS

DCMI LCD SYS
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Table 13. STM32F427xx and STM32F429xx register boundary addresses

Bus Boundary address Peripheral

0xE00F FFFF - 0xFFFF FFFF Reserved

Cortex-M4 0xE000 0000 - 0xE00F FFFF Cortex-M4 internal peripherals

AHB3

0xD000 0000 - 0xDFFF FFFF FMC bank 6

0xC000 0000 - 0xCFFF FFFF FMC bank 5

0xA000 1000 - 0xBFFF FFFF Reserved

0xA000 0000- 0xA000 0FFF FMC control register

0x9000 0000 - 0x9FFF FFFF FMC bank 4

0x8000 0000 - 0x8FFF FFFF FMC bank 3

0x7000 0000 - 0x7FFF FFFF FMC bank 2

0x6000 0000 - 0x6FFF FFFF FMC bank 1

0x5006 0C00- 0x5FFF FFFF Reserved

AHB2

0x5006 0800 - 0X5006 0BFF RNG

0x5005 0400 - X5006 07FF Reserved

0x5005 0000 - 0X5005 03FF DCMI

0x5004 0000- 0x5004 FFFF Reserved

0x5000 0000 - 0X5003 FFFF USB OTG FS
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Figure 25. Typical VBAT current consumption (LSE and RTC ON/backup RAM OFF)

Figure 26. Typical VBAT current consumption (LSE and RTC ON/backup RAM ON)
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Low-speed external user clock generated from an external source

In bypass mode the LSE oscillator is switched off and the input pin is a standard I/O. The 
external clock signal has to respect the Table 56: I/O static characteristics. However, the 
recommended clock input waveform is shown in Figure 28.

The characteristics given in Table 38 result from tests performed using an low-speed 
external clock source, and under ambient temperature and supply voltage conditions 
summarized in Table 17.

         

Figure 27. High-speed external clock source AC timing diagram

Table 38. Low-speed external user clock characteristics

Symbol Parameter Conditions Min Typ Max Unit

fLSE_ext
User External clock source 
frequency(1) - 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

1. Guaranteed by design.
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Figure 30. Typical application with a 32.768 kHz crystal

6.3.10 Internal clock source characteristics

The parameters given in Table 41 and Table 42 are derived from tests performed under 
ambient temperature and VDD supply voltage conditions summarized in Table 17.

High-speed internal (HSI) RC oscillator

         

Table 41. 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 %

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 µs

IDD(HSI)
(2) HSI oscillator power 

consumption
- - 60 80 µA
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Figure 38. SPI timing diagram - slave mode and CPHA = 0

Figure 39. SPI timing diagram - slave mode and CPHA = 1
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Figure 45. USB OTG full speed timings: definition of data signal rise and fall time

         

USB high speed (HS) characteristics

Unless otherwise specified, the parameters given in Table 70 for ULPI are derived from 
tests performed under the ambient temperature, fHCLK frequency summarized in Table 69 
and VDD supply voltage conditions summarized in Table 68, with the following configuration:

• Output speed is set to OSPEEDRy[1:0] = 10, unless otherwise specified

• Capacitive load C = 30 pF, unless otherwise specified

• Measurement points are done at CMOS levels: 0.5VDD.

Refer to Section 6.3.17: I/O port characteristics for more details on the input/output 
characteristics.

         

Table 67. USB OTG full speed electrical characteristics(1)

1. Guaranteed by design.

Driver characteristics

Symbol Parameter Conditions Min Max Unit

tr Rise time(2)

2. Measured from 10% to 90% of the data signal. For more detailed informations, please refer to USB 
Specification - Chapter 7 (version 2.0).

CL = 50 pF 4 20 ns

tf Fall time(2) CL = 50 pF 4 20 ns

trfm Rise/ fall time matching tr/tf 90 110 %

VCRS Output signal crossover voltage 1.3 2.0 V

ZDRV Output driver impedance(3)

3. No external termination series resistors are required on DP (D+) and DM (D-) pins since the matching 
impedance is included in the embedded driver. 

Driving high or 
low 

28 44 Ω

Table 68. USB HS DC electrical characteristics

Symbol Parameter Min.(1)

1. All the voltages are measured from the local ground potential.

Max.(1) Unit

Input level VDD USB OTG HS operating voltage 1.7 3.6 V
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Ethernet characteristics

Unless otherwise specified, the parameters given in Table 71, Table 72 and Table 73 for 
SMI, RMII and MII are derived from tests performed under the ambient temperature, fHCLK 
frequency summarized in Table 17 with the following configuration:

• Output speed is set to OSPEEDRy[1:0] = 10

• Capacitive load C = 30 pF for 2.7 V < VDD < 3.6 V

• Capacitive load C = 20 pF for 1.71 V < VDD < 3.6 V

• Measurement points are done at CMOS levels: 0.5VDD.

Refer to Section 6.3.17: I/O port characteristics for more details on the input/output 
characteristics.

Table 71 gives the list of Ethernet MAC signals for the SMI (station management interface) 
and Figure 47 shows the corresponding timing diagram.

Figure 47. Ethernet SMI timing diagram

         

Table 71. Dynamics characteristics: Ethernet MAC signals for SMI(1)

1. Guaranteed by characterization results.

Symbol Parameter Min Typ Max Unit

tMDC MDC cycle time(2.38 MHz) 411 420 425

ns
Td(MDIO) Write data valid time 6 10 13

tsu(MDIO) Read data setup time 12 - -

th(MDIO) Read data hold time 0 - -
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6.3.23 VBAT monitoring characteristics

         

6.3.24 Reference voltage

The parameters given in Table 83 are derived from tests performed under ambient 
temperature and VDD supply voltage conditions summarized in Table 17.

          

         

Table 82. VBAT monitoring characteristics

Symbol Parameter Min Typ Max Unit

R Resistor bridge for VBAT - 50 - KΩ 

Q Ratio on VBAT measurement - 4 -

Er(1) Error on Q –1 - +1 %

TS_vbat
(2)(2) ADC sampling time when reading the VBAT 

1 mV accuracy 
5 - - µs

1. Guaranteed by design.

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

Table 83.  internal reference voltage

Symbol Parameter Conditions Min Typ Max Unit

VREFINT Internal reference voltage –40 °C < TA < +105 °C 1.18 1.21 1.24 V

TS_vrefint
(1) ADC sampling time when reading the 

internal reference voltage
10 - - µs

VRERINT_s
(2) Internal reference voltage spread over the 

temperature range
VDD = 3V ± 10mV - 3 5 mV

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

tSTART
(2) Startup time - 6 10 µs

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

2. Guaranteed by design, not tested in production

Table 84. Internal reference voltage calibration values

Symbol Parameter Memory address

VREFIN_CAL Raw data acquired at temperature of 30 °C VDDA = 3.3 V 0x1FFF 7A2A - 0x1FFF 7A2B
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IDDA
(4)

DAC DC VDDA 
current consumption in 
quiescent mode(3)

- - 280 380 µA
With no load, middle code 
(0x800) on the inputs

- - 475 625 µA

With no load, worst code 
(0xF1C) at VREF+ = 3.6 V in 
terms of DC consumption on 
the inputs

DNL(4)

Differential non 
linearity Difference 
between two 
consecutive code-
1LSB)

- - - ±0.5 LSB
Given for the DAC in 10-bit 
configuration.

- - - ±2 LSB
Given for the DAC in 12-bit 
configuration.

INL(4)

Integral non linearity 
(difference between 
measured value at 
Code i and the value 
at Code i on a line 
drawn between Code 
0 and last Code 1023)

- - - ±1 LSB
Given for the DAC in 10-bit 
configuration.

- - - ±4 LSB
Given for the DAC in 12-bit 
configuration.

Offset(4)

Offset error

(difference between 
measured value at 
Code (0x800) and the 
ideal value = VREF+/2)

- - - ±10 mV
Given for the DAC in 12-bit 
configuration 

- - - ±3 LSB
Given for the DAC in 10-bit at 
VREF+ = 3.6 V

- - - ±12 LSB
Given for the DAC in 12-bit at 
VREF+ = 3.6 V

Gain 
error(4) Gain error - - - ±0.5 %

Given for the DAC in 12-bit 
configuration

tSETTLIN

G
(4)

Settling time (full 
scale: for a 10-bit input 
code transition 
between the lowest 
and the highest input 
codes when 
DAC_OUT reaches 
final value ±4LSB

- - 3 6 µs
CLOAD ≤ 50 pF,
RLOAD ≥ 5 kΩ

THD(4)
Total Harmonic 
Distortion

Buffer ON
- - - - dB

CLOAD ≤ 50 pF,
RLOAD ≥ 5 kΩ

Update 
rate(2)

Max frequency for a 
correct DAC_OUT 
change when small 
variation in the input 
code (from code i to 
i+1LSB)

- - - 1
MS/

s
CLOAD ≤ 50 pF,
RLOAD ≥ 5 kΩ

Table 85. DAC characteristics (continued)

Symbol Parameter Conditions Min Typ Max Unit Comments
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Figure 57. Asynchronous multiplexed PSRAM/NOR read waveforms

Table 89. Asynchronous non-multiplexed SRAM/PSRAM/NOR write - 
NWAIT timings(1)(2)

1. CL = 30 pF.

2. Guaranteed by characterization results.

Symbol Parameter Min Max Unit

tw(NE) FMC_NE low time 8THCLK+1  8THCLK+2 ns

tw(NWE) FMC_NWE low time 6THCLK − 1 6THCLK+2 ns

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

th(NE_NWAIT)
FMC_NEx hold time after FMC_NWAIT 
invalid

4THCLK+1 ns
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7.2 WLCSP143 package information

Figure 83. WLCSP143 - 143-ball, 4.521x 5.547 mm, 0.4 mm pitch wafer level chip scale
 package outline

1. Drawing is not to scale.
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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 depends assembly location, are not 
indicated below.

Figure 91. LQFP176 marking (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. 
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7.7 UFBGA176+25 package information

Figure 98. UFBGA176+25 - ball 10 x 10 mm, 0.65 mm pitch ultra thin fine pitch 
ball grid array package outline

1. Drawing is not to scale.

         

Table 118. UFBGA176+25 - ball, 10 x 10 mm, 0.65 mm  pitch, 
ultra fine pitch ball grid array package mechanical data

Symbol
millimeters inches(1)

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

A - - 0.600 - - 0.0236 

A1 - - 0.110 - - 0.0043 

A2 - 0.130 - - 0.0051 -

A3 - 0.450 - - 0.0177 -

A4 - 0.320 - - 0.0126 -

b 0.240 0.290 0.340 0.0094 0.0114 0.0134

D 9.850 10.000 10.150 0.3878 0.3937 0.3996

D1 - 9.100 - - 0.3583 -

E 9.850 10.000 10.150 0.3878 0.3937 0.3996

E1 - 9.100 - - 0.3583 -

e  - 0.650 - - 0.0256 -

Z - 0.450 - - 0.0177 -

ddd - - 0.080 - - 0.0031
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21-Jan-2016 8
Updated Figure 22: Power supply scheme.

Added td(TXD) values corresponding to 1.71 V < VDD < 3.6 V in 
Table 72: Dynamics characteristics: Ethernet MAC signals for RMII.

18-Jul-2016 9

Updated Figure 1: Compatible board design 
STM32F10xx/STM32F2xx/STM32F4xx for LQFP100 package.

Added mission profile compliance with JEDEC JESD47 in 
Section 6.2: Absolute maximum ratings.
Changed Figure 31 HSI deviation versus temperature to ACCHSI 
versus temperature.

Updated RLOAD in Table 85: DAC characteristics.

Added note 2. related to the position of the 0.1 µF capacitor below 
Figure 37: Recommended NRST pin protection.

Updated Figure 40: SPI timing diagram - master mode.

Added reference to optional marking or inset/upset marks in all 
package device marking sections. Updated Figure 85: WLCSP143 
marking example (package top view), Figure 88: LQFP144 
marking example (package top view), Figure 91: LQFP176 
marking (package top view), Figure 94: LQFP208 marking 
example (package top view).

Updated Figure 98: UFBGA176+25 - ball 10 x 10 mm, 0.65 mm pitch 
ultra thin fine pitch  ball grid array package outline and Table 118: 
UFBGA176+25 - ball, 10 x 10 mm, 0.65 mm pitch, ultra fine pitch ball 
grid array package mechanical data.
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