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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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1.1.3 UFBGA176 package

Figure 3. UFBGA176 port-to-terminal assignment differences

1. The highlighted pins are substituted with dedicated DSI IO pins on STM32F469xx/479xx devices.
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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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The DSI Host main features:

• Compliant with MIPI® Alliance standards 

• Interface with MIPI® D-PHY

• Supports all commands defined in the MIPI® Alliance specification for DCS:

– Transmission of all Command mode packets through the APB interface

– Transmission of commands in low-power and high-speed during Video Mode

• Supports up to two D-PHY data lanes

• Bidirectional communication and escape mode support through data lane 0

• Supports non-continuous clock in D-PHY clock lane for additional power saving

• Supports Ultra Low-Power mode with PLL disabled

• ECC and Checksum capabilities

• Support for End of Transmission Packet (EoTp)

• Fault recovery schemes

• 3D transmission support

• Configurable selection of system interfaces:

– AMBA APB for control and optional support for Generic and DCS commands

– Video Mode interface through LTDC

– Adapted Command Mode interface through LTDC

• Independently programmable Virtual Channel ID in 

– Video Mode

– Adapted Command Mode

– APB Slave

Video Mode interfaces features:

• LTDC interface color coding mappings into 24-bit interface:

– 16-bit RGB, configurations 1, 2, and 3

– 18-bit RGB, configurations 1 and 2

– 24-bit RGB

• Programmable polarity of all LTDC interface signals

• Extended resolutions beyond the DPI standard maximum resolution of 800x480 pixels: 
maximum resolution is limited by available DSI physical link bandwidth:

– Number of lanes: 2 

– Maximum speed per lane: 500Mbps

Adapted interface features:

• Support for sending large amounts of data through the memory_write_start (WMS) and 
memory_write_continue (WMC) DCS commands

• LTDC interface color coding mappings into 24-bit interface:

– 16-bit RGB, configurations 1, 2, and 3

– 18-bit RGB, configurations 1 and 2

– 24-bit RGB
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communicate at speeds of up to 11.25 Mbit/s. The other available interfaces communicate 
at up to 5.62 bit/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.

         

2.27 Serial peripheral interface (SPI)

The devices feature up to six SPIs in slave and master modes in full-duplex and simplex 
communication modes. SPI1, SPI4, SPI5, and SPI6 can communicate at up to 45 Mbits/s, 
SPI2 and SPI3 can communicate at up to 22.5 Mbit/s. The 3-bit prescaler gives 8 master 
mode frequencies and the frame is configurable to 8 bits or 16 bits. The hardware CRC 
generation/verification supports basic SD Card/MMC modes. All SPIs can be served by the 
DMA controller.

The SPI interface can be configured to operate in TI mode for communications in master 
mode and slave mode.

Table 8. USART feature comparison(1)

Name
Standard 
features

Modem 
(RTS/CTS)

LIN
SPI 

master
irDA

Smartcard 
(ISO 7816)

Max. baud rate in Mbit/s
APB 

mappingOversampling 
by 16

Oversampling 
by 8

USART1 X X X X X X 5.62 11.25
APB2 
(max. 

90 MHz)

USART2 X X X X X X 2.81 5.62
APB1 
(max. 

45 MHz)

USART3 X X X X X X 2.81 5.62
APB1 
(max. 

45 MHz)

UART4 X - X - X - 2.81 5.62
APB1 
(max. 

45 MHz)

UART5 X - X - X - 2.81 5.62
APB1 
(max. 

45 MHz)

USART6 X X X X X X 5.62 11.25
APB2 
(max. 

90 MHz)

UART7 X - X - X - 2.81 5.62
APB1 
(max. 

45 MHz)

UART8 X - X - X - 2.81 5.62
APB1 
(max. 

45 MHz)

1. X = feature supported.
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Figure 17. STM32F46x UFBGA176 ballout

1. The above figure shows the package top view.
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Table 11. FMC pin definition

Pin name NOR/PSRAM/SRAM NOR/PSRAM Mux NAND16 SDRAM

PF0 A0 - - A0

PF1 A1 - - A1

PF2 A2 - - A2

PF3 A3 - - A3

PF4 A4 - - A4

PF5 A5 - - A5

PF12 A6 - - A6

PF13 A7 - - A7

PF14 A8 - - A8

PF15 A9 - - A9

PG0 A10 - - A10

PG1 A11 - - A11

PG2 A12 - - A12

PG3 A13 - -

PG4 A14 - - BA0

PG5 A15 - - BA1

PD11 A16 A16 CLE -

PD12 A17 A17 ALE -

PD13 A18 A18 - -

PE3 A19 A19 - -

PE4 A20 A20 - -

PE5 A21 A21 - -

PE6 A22 A22 - -

PE2 A23 A23 - -

PG13 A24 A24 - -

PG14 A25 A25 - -

PD14 D0 DA0 D0 D0

PD15 D1 DA1 D1 D1

PD0 D2 DA2 D2 D2

PD1 D3 DA3 D3 D3

PE7 D4 DA4 D4 D4

PE8 D5 DA5 D5 D5

PE9 D6 DA6 D6 D6

PE10 D7 DA7 D7 D7

PE11 D8 DA8 D8 D8
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Port 
B

PB0 - TIM1_CH2N TIM3_CH3
TIM8_CH2

N
- - - - - LCD_R3

OTG_HS
_ULPI_D1

ETH_MII_
RXD2

- - LCD_G1
EVENT

OUT

PB1 - TIM1_CH3N TIM3_CH4
TIM8_CH3

N - - - - - LCD_R6
OTG_HS
_ULPI_D2

ETH_MII_
RXD3 - - LCD_G0

EVENT
OUT

PB2 - - - - - - - - - - - - - - - EVENT
OUT

PB3
JTDO /

TRACES
WO

TIM2_CH2 - - SPI1_SCK
SPI3_SCK/
I2S3_CK - - - - - - - - EVENT

OUT

PB4 NJTRST - TIM3_CH1 - - SPI1_MISO
SPI3_MIS

O
I2S3ext

_SD - - - - - - - EVENT
OUT

PB5 - - TIM3_CH2 - I2C1_SMBA SPI1_MOSI
SPI3_MOS
I/I2S3_SD - CAN2_RX

OTG_HS
_ULPI_D7

ETH_PPS
OUT

FMC_
SDCKE1

DCMI_D10 LCD_G7
EVENT

OUT

PB6 - - TIM4_CH1 - I2C1_SCL - - USART1
_TX - CAN2_TX

QUADSPI
_BK1_NC

S
- FMC_

SDNE1
DCMI_D5

EVENT
OUT

PB7 - - TIM4_CH2 - I2C1_SDA - - USART1_
RX - - - - FMC_NL

DCMI_VS
YNC

EVENT
OUT

PB8 - - TIM4_CH3
TIM10_CH

1
I2C1_SCL - - - - CAN1_RX - ETH_MII_

TXD3
SDIO_D4 DCMI_D6 LCD_B6

EVENT
OUT

PB9 - - TIM4_CH4
TIM11_CH

1
I2C1_SDA

SPI2_NSS/I
2S2_WS - - - CAN1_TX - - SDIO_D5 DCMI_D7 LCD_B7

EVENT
OUT

PB10 - TIM2_CH3 - - I2C2_SCL
SPI2_SCK/I

2S2_CK - USART3
_TX - QUADSPI_

BK1_NCS
OTG_HS
_ULPI_D3

ETH_MII_RX_
ER - - LCD_G4

EVENT
OUT

PB11 - TIM2_CH4 - - I2C2_SDA - USART3
_RX - OTG_HS

_ULPI_D4

ETH_MII_TX_
EN/ETH_RMII

_TX_EN
- DSIHOST_

TE
LCD_G5

EVENT
OUT

PB12 - TIM1_BKIN - - I2C2_SMBA
SPI2_NSS/I

2S2_WS - USART3
_CK - CAN2_RX

OTG_HS
_ULPI_D5

ETH_MII_TXD
0/ETH_RMII_T

XD0

OTG_HS_
ID - - EVENT

OUT

PB13 - TIM1_CH1N - - - SPI2_SCK/I
2S2_CK - USART3

_CTS - CAN2_TX
OTG_HS
_ULPI_D6

ETH_MII_TXD
1/ETH_RMII_T

XD1
- - - EVENT

OUT

PB14 - TIM1_CH2N - TIM8_CH2
N - SPI2_MISO

I2S2ext_S
D

USART3
_RTS - TIM12_CH1 - - OTG_HS_

‘DM - - EVENT
OUT

PB15
RTC

_REFIN
TIM1_CH3N - TIM8_CH3

N - SPI2_MOSI
/I2S2_SD - - - TIM12_CH2 - - OTG_HS_

DP - - 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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4 Memory mapping

The memory map is shown in Figure 21.

Figure 21. Memory map 
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IDD(PLLI2S)
(4) PLLI2S power consumption

on VDD

VCO freq = 192 MHz

VCO freq = 432 MHz

0.15

0.45
-

0.40

0.75
mA

IDDA(PLLI2S)
(4) PLLI2S power consumption

on VDDA

VCO freq = 192 MHz

VCO freq = 432 MHz

0.30

0.55
-

0.40

0.85

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

2. Guaranteed by design.

3. Value given with main PLL running.

4. Based on test during characterization.

Table 42. PLLI2S (audio PLL) characteristics (continued)

Symbol Parameter Conditions Min Typ Max Unit

Table 43. PLLSAI (audio and LCD-TFT PLL) characteristics

Symbol Parameter Conditions Min Typ Max Unit

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

MHzfPLLSAI_OUT PLLSAI multiplier output clock - - - 216

fVCO_OUT PLLSAI VCO output - 192 - 432

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

µs
VCO freq = 432 MHz 100 - 300

Jitter(3)

Main SAI 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

FS clock jitter
Cycle to cycle at 48 KHz

on 1000 samples
- 400 - ps

IDD(PLLSAI)
(4) PLLSAI power consumption on 

VDD

VCO freq = 192 MHz

VCO freq = 432 MHz

0.15

0.45
-

0.40

0.75
mA

IDDA(PLLSAI)
(4) PLLSAI 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 have the specified PLL input clock values.

2. Guaranteed by design.

3. Value given with main PLL running.

4. Based on test during characterization.
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5.3.21 NRST pin characteristics

The NRST pin input driver uses CMOS technology. It is connected to a permanent pull-up 
resistor, RPU (see Table 58).

Unless otherwise specified, the parameters given in Table 61 are derived from tests 
performed under the ambient temperature and VDD supply voltage conditions summarized 
in Table 17.

         

Figure 41. Recommended NRST pin protection 

1. The reset network protects the device against parasitic resets.

2. The user must ensure that the level on the NRST pin can go below the VIL(NRST) max level specified in 
Table 61. Otherwise the reset is not taken into account by the device.

Table 61. NRST pin characteristics 

Symbol Parameter Conditions Min Typ Max Unit

RPU Weak pull-up equivalent resistor(1) VIN = VSS 30 40 50 kΩ

VF(NRST)
(2) NRST Input filtered pulse - - - 100

ns
VNF(NRST)

(2) NRST Input not filtered pulse VDD > 2.7 V 300 - -

TNRST_OUT Generated reset pulse duration Internal Reset source 20 - - µs

1. The pull-up is designed with a true resistance in series with a switchable PMOS. This PMOS contribution to the series 
resistance must be minimum (~10% order).

2. Guaranteed by design.
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5.3.22 TIM timer characteristics

The parameters given in Table 62 are guaranteed by design. Refer to Section 5.3.20 for 
details on the input/output alternate function characteristics (output compare, input capture, 
external clock, PWM output).

          

5.3.23 Communications interfaces

I2C interface characteristics

The I2C interface meets the timings requirements of the I2C-bus specification and user 
manual rev. 03 for:

• Standard-mode (Sm): with a bit rate up to 100 kbit/s 

• Fast-mode (Fm): with a bit rate up to 400 kbit/s.

The I2C timings requirements are guaranteed by design when the I2C peripheral is properly 
configured (refer to RM0386 reference manual). 

The SDA and SCL I/O requirements are met with the following restrictions: the SDA and 
SCL I/O pins 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. Refer to 
Section 5.3.20 for more details on the I2C I/O characteristics.

All I2C SDA and SCL I/Os embed an analog filter. Refer to the table below for the analog 
filter characteristics:

         

Table 62. TIMx characteristics(1)(2)

1. TIMx is used as a general term to refer to the TIM1 to TIM12 timers.

2. Guaranteed by design.

Symbol Parameter Conditions(3)

3. The maximum timer frequency on APB1 or APB2 is up to 180 MHz, by setting the TIMPRE bit in the 
RCC_DCKCFGR register, if APBx prescaler is 1 or 2 or 4, then TIMxCLK = HCKL, otherwise TIMxCLK = 
4x PCLKx.

Min Max Unit

tres(TIM) Timer resolution time

AHB/APBx prescaler=1 
or 2 or 4, fTIMxCLK = 
180 MHz

1 - tTIMxCLK

AHB/APBx prescaler>4, 
fTIMxCLK = 90 MHz 1 - tTIMxCLK

fEXT
Timer external clock 
frequency on CH1 to CH4  fTIMxCLK = 180 MHz

0 fTIMxCLK/2 MHz

ResTIM Timer resolution - 16/32 bit

tMAX_COUNT
Maximum possible count 
with 32-bit counter

-
65536 × 
65536

tTIMxCLK

Table 63. I2C analog filter characteristics(1)

Symbol Parameter Min Max Unit

tAF

Maximum pulse width of spikes 
that are suppressed by the analog 
filter

50(2) 150(3) ns
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SAI characteristics

Unless otherwise specified, the parameters given in Table 66 for SAI are derived from tests 
performed under the ambient temperature, fPCLKx frequency and VDD supply voltage 
conditions summarized in Table 17, with the following configuration:

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

• Capacitive load C=30 pF

• Measurement points are performed at CMOS levels: 0.5 VDD

Refer to Section 5.3.20 for more details on the input/output alternate function 
characteristics (SCK,SD,WS).

         

Table 66. SAI characteristics(1)

Symbol Parameter Conditions Min Max Unit 

fMCKL SAI Main clock output - 256 x 8K 256xFs

MHz
fCK SAI clock frequency(2)

Master data: 32 bits - 128xFs(3)

Slave data: 32 bits - 128xFs

tv(FS) FS valid time 

Master mode,
2.7V ≤ VDD ≤ 3.6V

- 17

ns

Master mode,
1.71V ≤ VDD ≤ 3.6V

- 23

tsu(FS) FS setup time Slave mode 10 -

th(FS) FS hold time Slave mode 0 -

tsu(SD_MR)
Data input setup time

Master receiver 1 -

tsu(SD_SR) Slave receiver 2 -

th(SD_MR)
Data input hold time 

Master receiver 6 -

th(SD_SR) Slave receiver 1 -

th(SD_B_ST) Data output valid time 

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

- 14

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

- 23

th(SD_B_ST) Data output hold time Slave transmitter (after enable edge) 9 -

tv(SD_A_MT) Data output valid time

Master transmitter (after enable edge),
2.7V ≤ VDD ≤ 3.6V

- 20

Master transmitter (after enable edge),
1.71V ≤ VDD ≤ 3.6V

- 26

th(SD_A_MT) Data output hold time Master transmitter (after enable edge) 10 -

1. Guaranteed based on test during characterization.

2. APB clock frequency must be at least twice SAI clock frequency.

3. With Fs = 192 kHz.
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Note: ADC accuracy vs. negative injection current: injecting a negative current on any analog 
input pins should be avoided as this significantly reduces the accuracy of the conversion 
being performed on another analog input. It is recommended to add a Schottky diode (pin to 
ground) to analog pins which may potentially inject negative currents.

Any positive injection current within the limits specified for IINJ(PIN) and ΣIINJ(PIN) in 
Section 5.3.20 does not affect the ADC accuracy.

Table 80. ADC dynamic accuracy at fADC = 18 MHz - limited test conditions(1)

Symbol Parameter Test conditions Min Typ Max Unit

ENOB Effective number of bits
fADC =18 MHz

VDDA = VREF+= 1.7 V

Input Frequency = 20 KHz

Temperature = 25 °C

10.3 10.4 - bits

SINAD Signal-to-noise and distortion ratio 64 64.2 -

dBSNR Signal-to-noise ratio 64 65 -

THD Total harmonic distortion − 67 − 72 -

1. Guaranteed based on test during characterization.

Table 81. ADC dynamic accuracy at fADC = 36 MHz - limited test conditions(1)

Symbol Parameter Test conditions Min Typ Max Unit

ENOB Effective number of bits
fADC =36 MHz

VDDA = VREF+ = 3.3 V

Input Frequency = 20 KHz

Temperature = 25 °C

10.6 10.8 - bits

SINAD Signal-to noise and distortion ratio 66 67 -

dBSNR Signal-to noise ratio 64 68 -

THD Total harmonic distortion − 70 − 72 -

1. Guaranteed based on test during characterization.
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In all timing tables, the THCLK is the HCLK clock period.

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

• For 1.71 V≤ VDD <1.9 V, maximum FMC_SDCLK = 75 MHz when CAS Latency = 3 and 
60 MHz for CAS latency 1 or 2. CL = 10 pF (on FMC_SDCLK).

Figure 71. SDRAM read access waveforms (CL = 1) 

         

Table 102. 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 -

th(SDCLKH_Data) Data input hold time 0 -

td(SDCLKL_Add) Address valid time - 1.5

td(SDCLKL- SDNE) Chip select valid time - 0.5

th(SDCLKL_SDNE) Chip select hold time 0 -

td(SDCLKL_SDNRAS) SDNRAS valid time - 0.5

th(SDCLKL_SDNRAS) SDNRAS hold time 0 -

td(SDCLKL_SDNCAS) SDNCAS valid time - 0.5

th(SDCLKL_SDNCAS) SDNCAS hold time 0 -
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Figure 74. Quad-SPI DDR timing diagram

5.3.31 Camera interface (DCMI) timing specifications

Unless otherwise specified, the parameters given in Table 108 for DCMI are derived 
from tests performed under the ambient temperature, fHCLK frequency and VDD supply 
voltage summarized in Table 17, with the following configuration:

• DCMI_PIXCLK polarity: falling

• DCMI_VSYNC and DCMI_HSYNC polarity: high

• Data formats: 14 bits

• Capacitive load C = 30 pF

• Measurement points are done at CMOS levels: 0.5 VDD

Table 107. Quad-SPI characteristics in DDR mode(1)

Symbol Parameter Test conditions Min Typ Max Unit

Fck
1/t(CK)

Quad-SPI clock frequency

2.7 V ≤ VDD ≤ 3.6 V,
CL = 20 pF

- - 80

MHz
1.71 V ≤ VDD ≤ 3.6 V,

CL = 15 pF
- - 70

tw(CKH) Quad-SPI clock high time ‐ t(CK)/2-1 - t(CK)/2

ns

tw(CKL) Quad-SPI clock low time - t(CK)/2 - t(CK)/2+1

tsr(IN)
tsf(IN)

Data input set-up time
2.7 V ≤ VDD ≤ 3.6 V 2 - -

1.71 V ≤ VDD ≤ 3.6 V 0.5 - -

thr(IN)
thf(IN)

Data input hold time
2.7 V ≤ VDD ≤ 3.6 V 3 - -

1.71 V ≤ VDD ≤ 3.6 V 4.5 - -

tvr(OUT)
tvf(OUT)

Data output valid time

DHHC=0 - 8 10.5

DHHC=1

Pres=1,2…
- Thclk/2+2 Thclk/2+2.5

th(OUT)
tf(OUT)

Data output hold time

DHHC=0 7 - -

DHHC=1

Pres=1,2…
Thclk/2+0.5 - -

1. Guaranteed based on test during characterization.
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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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Table 113. LQPF100 - 100-pin, 14 x 14 mm low-profile quad flat package
mechanical data

Symbol
millimeters inches(1)

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

Min Typ Max Min Typ Max

A - - 1.600 - - 0.0630

A1 0.050 - 0.150 0.0020 - 0.0059

A2 1.350 1.400 1.450 0.0531 0.0551 0.0571

b 0.170 0.220 0.270 0.0067 0.0087 0.0106

c 0.090 - 0.200 0.0035 - 0.0079

D 15.800 16.000 16.200 0.6220 0.6299 0.6378

D1 13.800 14.000 14.200 0.5433 0.5512 0.5591

D3 - 12.000 - - 0.4724 -

E 15.800 16.000 16.200 0.6220 0.6299 0.6378

E1 13.800 14.000 14.200 0.5433 0.5512 0.5591

E3 - 12.000 - - 0.4724 -

e - 0.500 - - 0.0197 -

L 0.450 0.600 0.750 0.0177 0.0236 0.0295

L1 - 1.000 - - 0.0394 -

k 0.0° 3.5° 7.0° 0.0° 3.5° 7.0°

ccc - - 0.080 - - 0.0031
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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.

6.3 WLCSP168 package information

Figure 86. WLCSP168 - 168-pin, 4.891 x 5.692 mm, 0.4 mm pitch wafer level chip
scale package outline
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6.8 TFBGA216 package information

Figure 97. TFBGA216 - thin fine pitch ball grid array 13 × 13 × 0.8mm, package outline

1. Drawing is not to scale.

         

Table 121. TFBGA216 - thin fine pitch ball grid array 13 × 13 × 0.8mm
package mechanical data

Symbol
millimeters inches(1)

Min Typ Max Min Typ Max

A - - 1.100 - - 0.0433

A1 0.150 - - 0.0059 - -

A2 - 0.760 - - 0.0299 -

A4 - 0.210 - - 0.0083 -

b 0.350 0.400 0.450 0.0138 0.0157 0.0177

D  12.850 13.000  13.150  0.5118 0.5118  0.5177

D1  - 11.200  -  - 0.4409  -

E  12.850 13.000  13.150  0.5118 0.5118  0.5177

E1 - 11.200 - - 0.4409 -

e - 0.800 - - 0.0315 -

F - 0.900 - - 0.0354 -

ddd -  - 0.080 -  - 0.0031

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


