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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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3.4 Embedded Flash memory

The STM32F20x devices embed a 128-bit wide Flash memory of 128 Kbytes, 256 Kbytes, 
512 Kbytes, 768 Kbytes or 1 Mbyte available for storing programs and data.

The devices also feature 512 bytes of OTP memory that can be used to store critical user 
data such as Ethernet MAC addresses or cryptographic keys. 

3.5 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.

3.6 Embedded SRAM

All STM32F20x products embed:

• Up to 128 Kbytes of system SRAM accessed (read/write) at CPU clock speed with 0 
wait states

• 4 Kbytes of backup SRAM.

The content of this area is protected against possible unwanted write accesses, and is 
retained in Standby or VBAT mode.

3.7 Multi-AHB bus matrix

The 32-bit multi-AHB bus matrix interconnects all the masters (CPU, DMAs, Ethernet, USB 
HS) and the slaves (Flash memory, RAM, FSMC, AHB and APB peripherals) and ensures a 
seamless and efficient operation even when several high-speed peripherals work 
simultaneously.
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Figure 5. Multi-AHB matrix

3.8 DMA controller (DMA)

The devices feature two general-purpose dual-port DMAs (DMA1 and DMA2) with 8 
streams each. They are able to manage memory-to-memory, peripheral-to-memory and 
memory-to-peripheral transfers. They share some centralized FIFOs for APB/AHB 
peripherals, support burst transfer and are designed to provide the maximum peripheral 
bandwidth (AHB/APB).

The two DMA controllers support circular buffer management, so that no specific code is 
needed when the controller reaches the end of the buffer. The two DMA controllers also 
have a double buffering feature, which automates the use and switching of two memory 
buffers without requiring any special code.

Each stream is connected to dedicated hardware DMA requests, with support for software 
trigger on each stream. Configuration is made by software and transfer sizes between 
source and destination are independent.
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- - 38 58 68 R8 PE7 I/O FT -
FSMC_D4,TIM1_ETR, 

EVENTOUT
-

- - 39 59 69 P8 PE8 I/O FT -
FSMC_D5,TIM1_CH1N, 

EVENTOUT
-

- - 40 60 70 P9 PE9 I/O FT -
FSMC_D6,TIM1_CH1, 

EVENTOUT
-

- - - 61 71 M9 VSS S - - -

- - - 62 72 N9 VDD S - - -

- - 41 63 73 R9 PE10 I/O FT -
FSMC_D7,TIM1_CH2N, 

EVENTOUT
-

- - 42 64 74 P10 PE11 I/O FT -
FSMC_D8,TIM1_CH2, 

EVENTOUT
-

- - 43 65 75 R10 PE12 I/O FT -
FSMC_D9,TIM1_CH3N, 

EVENTOUT
-

- - 44 66 76 N11 PE13 I/O FT -
FSMC_D10,TIM1_CH3, 

EVENTOUT
-

- - 45 67 77 P11 PE14 I/O FT -
FSMC_D11,TIM1_CH4, 

EVENTOUT
-

- - 46 68 78 R11 PE15 I/O FT -
FSMC_D12,TIM1_BKIN, 

EVENTOUT
-

29 H3 47 69 79 R12 PB10 I/O FT -

SPI2_SCK, I2S2_SCK, 
I2C2_SCL,USART3_TX,OT
G_HS_ULPI_D3,ETH_MII_R

X_ER,TIM2_CH3, 
EVENTOUT

-

30 J2 48 70 80 R13 PB11 I/O FT -

I2C2_SDA, USART3_RX, 
OTG_HS_ULPI_D4, 
ETH_RMII_TX_EN, 
ETH_MII_TX_EN, 

TIM2_CH4, EVENTOUT

-

31 J3 49 71 81 M10 VCAP_1 S - - -

32 - 50 72 82 N10 VDD S - - -

- - - - 83 M11 PH6 I/O FT -
I2C2_SMBA, TIM12_CH1, 

ETH_MII_RXD2, 
EVENTOUT

-

Table 8. STM32F20x pin and ball definitions (continued)
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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)
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54 C7 83 116 144 D12 PD2 I/O FT -
TIM3_ETR,UART5_RX, 
SDIO_CMD, DCMI_D11, 

EVENTOUT
-

- - 84 117 145 D11 PD3 I/O FT -
FSMC_CLK,USART2_CTS, 

EVENTOUT
-

- - 85 118 146 D10 PD4 I/O FT -
FSMC_NOE, USART2_RTS, 

EVENTOUT
-

- - 86 119 147 C11 PD5 I/O FT -
FSMC_NWE,USART2_TX, 

EVENTOUT
-

- - - 120 148 D8 VSS S - - - -

- - - 121 149 C8 VDD S - - - -

- - 87 122 150 B11 PD6 I/O FT -
FSMC_NWAIT,

USART2_RX, EVENTOUT
-

- - 88 123 151 A11 PD7 I/O FT -
USART2_CK,FSMC_NE1,
FSMC_NCE2, EVENTOUT

-

- - - 124 152 C10 PG9 I/O FT -
USART6_RX, 

FSMC_NE2,FSMC_NCE3, 
EVENTOUT

-

- - - 125 153 B10 PG10 I/O FT -
FSMC_NCE4_1, 

FSMC_NE3, EVENTOUT
-

- - - 126 154 B9 PG11 I/O FT -

FSMC_NCE4_2, 
ETH_MII_TX_EN ,

ETH _RMII_TX_EN, 
EVENTOUT

-

- - - 127 155 B8 PG12 I/O FT -
FSMC_NE4, USART6_RTS, 

EVENTOUT
-

- - - 128 156 A8 PG13 I/O FT -

FSMC_A24, USART6_CTS, 
ETH_MII_TXD0,

ETH_RMII_TXD0, 
EVENTOUT

-

- - - 129 157 A7 PG14 I/O FT -

FSMC_A25, USART6_TX, 
ETH_MII_TXD1,

ETH_RMII_TXD1, 
EVENTOUT

-

- - - 130 158 D7 VSS S - - - -

Table 8. STM32F20x pin and ball definitions (continued)
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- - 98 142 170 A3 PE1 I/O FT -
FSMC_NBL1, DCMI_D3, 

EVENTOUT
-

- - - - - D5 VSS S - - - -

63 D8 - - - - VSS S - - - -

- - 99 143 171 C6 RFU - - (7) - -

64 D9 100 144 172 C5 VDD S - - - -

- - - - 173 D4 PI4 I/O FT -
TIM8_BKIN, DCMI_D5, 

EVENTOUT
-

- - - - 174 C4 PI5 I/O FT -
TIM8_CH1, DCMI_VSYNC, 

EVENTOUT
-

- - - - 175 C3 PI6 I/O FT -
TIM8_CH2, DCMI_D6, 

EVENTOUT
-

- - - - 176 C2 PI7 I/O FT -
TIM8_CH3, DCMI_D7, 

EVENTOUT
-

- C8 - - - - IRROFF I/O - - - -

1. Function availability depends on the chosen device.

2. PC13, PC14, PC15 and PI8 are supplied through the power switch. Since the switch only sinks a limited amount of current 
(3 mA), the use of GPIOs PC13 to PC15 and PI8 in output mode is limited: the speed should not exceed 2 MHz with a 
maximum load of 30 pF and these I/Os must not be used as a current source (e.g. to drive an LED).

3. Main function after the first backup domain power-up. Later on, it depends on the contents of the RTC registers even after 
reset (because these registers are not reset by the main reset). For details on how to manage these I/Os, refer to the RTC 
register description sections in the STM32F20x and STM32F21x reference manual, available from the STMicroelectronics 
website: www.st.com.

4. FT = 5 V tolerant except when in analog mode or oscillator mode (for PC14, PC15, PH0 and PH1).

5. If the device is delivered in an UFBGA176 package and if the REGOFF pin is set to VDD (Regulator OFF), then PA0 is 
used as an internal Reset (active low). 

6. FSMC_NL pin is also named FSMC_NADV on memory devices. 

7. RFU means “reserved for future use”. This pin can be tied to VDD,VSS or left unconnected.

Table 8. STM32F20x pin and ball definitions (continued)
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Table 9. FSMC pin definition

Pins
FSMC

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

PE2 - A23 A23 - Yes

PE3 - A19 A19 - Yes

PE4 - A20 A20 - Yes
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Figure 16. Memory map
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6.3.3 Operating conditions at power-up / power-down (regulator ON)

Subject to general operating conditions for TA.

Table 17. Operating conditions at power-up / power-down (regulator ON)

6.3.4 Operating conditions at power-up / power-down (regulator OFF)

Subject to general operating conditions for TA.

Table 18. Operating conditions at power-up / power-down (regulator OFF)

Symbol Parameter Min Max Unit

tVDD

VDD rise time rate 20 ∞
µs/V

VDD fall time rate 20 ∞

Symbol Parameter Conditions Min Max Unit

tVDD

VDD rise time rate Power-up 20 ∞

µs/V

VDD fall time rate Power-down 20 ∞

tVCAP

VCAP_1 and VCAP_2 rise 
time rate

Power-up 20 ∞

VCAP_1 and VCAP_2 fall 
time rate

Power-down 20 ∞
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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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6.3.7 Wakeup time from low-power mode

The wakeup times given in Table 27 is measured on a wakeup phase with a 16 MHz HSI 
RC oscillator. The clock source used to wake up the device depends from the current 
operating mode:

• Stop or Standby mode: the clock source is the RC oscillator

• Sleep mode: the clock source is the clock that was set before entering Sleep mode.

All timings are derived from tests performed under ambient temperature and VDD supply 
voltage conditions summarized in Table 14.

         

APB2

SDIO 0.69

mA

TIM1 1.06

TIM8 1.03

TIM9 0.58

TIM10 0.37

TIM11 0.39

ADC1(4) 2.13

ADC2(4) 2.04

ADC3(4) 2.12

SPI1 1.20

USART1 0.38

USART6 0.37

1. External clock is 25 MHz (HSE oscillator with 25 MHz crystal) and PLL is on. 

2. EN1 bit is set in DAC_CR register.

3. EN2 bit is set in DAC_CR register.

4. fADC = fPCLK2/2, ADON bit set in ADC_CR2 register.

Table 26. Peripheral current consumption (continued)

Peripheral(1) Typical consumption at 25 °C Unit

Table 27. Low-power mode wakeup timings

Symbol Parameter Min(1) Typ(1) Max(1) Unit

tWUSLEEP
(2) Wakeup from Sleep mode - 1 - µs

tWUSTOP
(2)

Wakeup from Stop mode (regulator in Run mode) - 13 -

µs
Wakeup from Stop mode (regulator in low-power mode) - 17 40

Wakeup from Stop mode (regulator in low-power mode 
and Flash memory in Deep power down mode)

- 110 -

tWUSTDBY
(2)(3) Wakeup from Standby mode 260 375 480 µs

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

2. The wakeup times are measured from the wakeup event to the point in which the application code reads the first instruction.
3. tWUSTDBY minimum and maximum values are given at 105 °C and –45 °C, respectively.
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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
mA

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, not tested in production.

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

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

Table 34. Main PLL characteristics (continued)

Symbol Parameter Conditions Min Typ Max Unit

Table 35. PLLI2S (audio PLL) characteristics

Symbol Parameter Conditions Min Typ Max Unit

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

fPLLI2S_OUT PLLI2S multiplier output clock - - - 216 MHz

fVCO_OUT PLLI2S VCO output - 192 - 432 MHz

tLOCK PLLI2S lock time
VCO freq = 192 MHz 75 - 200

µs
VCO freq = 432 MHz 100 - 300
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6.3.11 PLL spread spectrum clock generation (SSCG) characteristics

The spread spectrum clock generation (SSCG) feature allows to reduce electromagnetic 
interferences (see Table 42: EMI characteristics). It is available only on the main PLL. 

         

Equation 1

The frequency modulation period (MODEPER) is given by the equation below:

fPLL_IN and fMod must be expressed in Hz. 

As an example: 

If fPLL_IN = 1 MHz and fMOD = 1 kHz, the modulation depth (MODEPER) is given by equation 
1: 

Equation 2

Equation 2 allows to calculate the increment step (INCSTEP):

fVCO_OUT must be expressed in MHz.

With a modulation depth (md) = ±2 % (4 % peak to peak), and PLLN = 240 (in MHz): 

An amplitude quantization error may be generated because the linear modulation profile is 
obtained by taking the quantized values (rounded to the nearest integer) of MODPER and 
INCSTEP. As a result, the achieved modulation depth is quantized. The percentage 
quantized modulation depth is given by the following formula:

As a result: 

Table 36. SSCG parameters constraint

Symbol Parameter Min Typ Max(1)

1. Guaranteed by design, not tested in production.

Unit

fMod Modulation frequency - - 10 KHz

md Peak modulation depth 0.25 - 2 %

MODEPER * INCSTEP - - - 215−1 -

MODEPER round fPLL_IN 4 fMod×( )⁄[ ]=

MODEPER round 10
6

4 10
3×( )⁄[ ] 250= =

INCSTEP round 2
15

1–( ) md PLLN××( ) 100 5× MODEPER×( )⁄[ ]=

INCSTEP round 2
15

1–( ) 2 240××( ) 100 5× 250×( )⁄[ ] 126md(quantitazed)%= =

mdquantized% MODEPER INCSTEP× 100× 5×( ) 2
15

1–( ) PLLN×( )⁄=

mdquantized% 250 126× 100× 5×( ) 2
15

1–( ) 240×( )⁄ 2.0002%(peak)= =
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I2S - SPI interface characteristics

Unless otherwise specified, the parameters given in Table 54 for SPI or in Table 55 for I2S 
are derived from tests performed under the ambient temperature, fPCLKx frequency and VDD 
supply voltage conditions summarized in Table 14.

Refer to Section 6.3.16: I/O port characteristics for more details on the input/output alternate 
function characteristics (NSS, SCK, MOSI, MISO for SPI and WS, CK, SD for I2S).

         

Table 54. SPI characteristics

Symbol Parameter Conditions Min Max Unit

fSCK
1/tc(SCK)

SPI clock frequency
SPI1 master/slave mode - 30

MHz
SPI2/SPI3 master/slave mode - 15

tr(SCL)
tf(SCL)

SPI clock rise and fall 
time

Capacitive load: C = 30 pF, 

fPCLK = 30 MHz
-  8 ns

DuCy(SCK)
SPI slave input clock 
duty cycle

Slave mode 30 70 %

tsu(NSS)
(1)

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

NSS setup time Slave mode 4tPCLK -

ns

th(NSS)
(1) NSS hold time Slave mode 2tPCLK -

tw(SCLH)
(1)

tw(SCLL)
(1) SCK high and low time

Master mode, fPCLK = 30 MHz, 
presc = 2

 tPCLK-3 tPCLK+3

tsu(MI) 
(1) 

tsu(SI)
(1) Data input setup time

Master mode 5 -

Slave mode 5 -

th(MI) 
(1) 

th(SI)
(1) Data input hold time

Master mode 5 -

Slave mode 4 -

ta(SO)
(1)(2)

2. Min time is for the minimum time to drive the output and the max time is for the maximum time to validate 
the data.

Data output access 
time

Slave mode, fPCLK = 30 MHz  0 3tPCLK

tdis(SO)
(1)(3)

3. Min time is for the minimum time to invalidate the output and the max time is for the maximum time to put 
the data in Hi-Z

Data output disable 
time

Slave mode 2 10

tv(SO) 
(1) Data output valid time Slave mode (after enable edge) - 25

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

th(SO)
(1)

Data output hold time
Slave mode (after enable edge)  15 -

th(MO)
(1) Master mode (after enable edge) 2 -
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Figure 44. SPI timing diagram - master mode
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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 61. Synchronous multiplexed NOR/PSRAM read timings

         

Table 76. Synchronous multiplexed NOR/PSRAM read timings(1)(2)

Symbol Parameter Min Max Unit

tw(CLK) FSMC_CLK period 2THCLK  - ns

td(CLKL-NExL) FSMC_CLK low to FSMC_NEx low (x=0..2)  - 0 ns

td(CLKL-NExH) FSMC_CLK low to FSMC_NEx high (x= 0…2) 1  - ns

td(CLKL-NADVL) FSMC_CLK low to FSMC_NADV low  - 1.5 ns

td(CLKL-NADVH) FSMC_CLK low to FSMC_NADV high 2.5  - ns

td(CLKL-AV) FSMC_CLK low to FSMC_Ax valid (x=16…25)  - 0 ns

td(CLKL-AIV) FSMC_CLK low to FSMC_Ax invalid (x=16…25) 0  - ns

td(CLKH-NOEL) FSMC_CLK high to FSMC_NOE low  - 1 ns

td(CLKL-NOEH) FSMC_CLK low to FSMC_NOE high 1  - ns

td(CLKL-ADV) FSMC_CLK low to FSMC_AD[15:0] valid  - 3 ns

td(CLKL-ADIV) FSMC_CLK low to FSMC_AD[15:0] invalid 0  - ns
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Figure 63. Synchronous non-multiplexed NOR/PSRAM read timings

         

td(CLKL-NWEL) FSMC_CLK low to FSMC_NWE low  - 1 ns

td(CLKL-NWEH) FSMC_CLK low to FSMC_NWE high 0  - ns

td(CLKL-ADIV) FSMC_CLK low to FSMC_AD[15:0] invalid 0  - ns

td(CLKL-DATA) FSMC_A/D[15:0] valid data after FSMC_CLK low  - 2 ns

td(CLKL-NBLH) FSMC_CLK low to FSMC_NBL high 0.5  - ns

1. CL = 30 pF.

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

Table 78. Synchronous non-multiplexed NOR/PSRAM read timings(1)(2)

Symbol Parameter Min Max Unit

tw(CLK) FSMC_CLK period 2THCLK  - ns

td(CLKL-NExL) FSMC_CLK low to FSMC_NEx low (x=0..2)  - 0 ns

td(CLKL-NExH) FSMC_CLK low to FSMC_NEx high (x= 0…2) 1  - ns

td(CLKL-NADVL) FSMC_CLK low to FSMC_NADV low  - 2.5 ns

Table 77. Synchronous multiplexed PSRAM write timings(1)(2) (continued)

Symbol Parameter Min Max Unit
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6.3.26 Camera interface (DCMI) timing specifications

         

6.3.27 SD/SDIO MMC card host interface (SDIO) characteristics

Unless otherwise specified, the parameters given in Table 85 are derived from tests 
performed under ambient temperature, fPCLKx frequency and VDD supply voltage conditions 
summarized in Table 14.

Refer to Section 6.3.16: I/O port characteristics for more details on the input/output alternate 
function characteristics (D[7:0], CMD, CK).

Figure 75. SDIO high-speed mode

Table 83. Switching characteristics for NAND Flash write cycles(1)(2)

1. CL = 30 pF.

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

Symbol Parameter Min Max Unit

tw(NWE) FSMC_NWE low width 4THCLK- 1 4THCLK+ 3 ns

tv(NWE-D) FSMC_NWE low to FSMC_D[15-0] valid - 0 ns

th(NWE-D) FSMC_NWE high to FSMC_D[15-0] invalid 3THCLK - ns

td(D-NWE) FSMC_D[15-0] valid before FSMC_NWE high 5THCLK - ns

td(ALE-NWE) FSMC_ALE valid before FSMC_NWE low - 3THCLK+ 2 ns

th(NWE-ALE) FSMC_NWE high to FSMC_ALE invalid 3THCLK- 2 - ns

Table 84. DCMI characteristics

Symbol Parameter Conditions Min Max

- Frequency ratio DCMI_PIXCLK/fHCLK DCMI_PIXCLK= 48 MHz - 0.4
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7.2 WLCSP64+2 package information

Figure 79. WLCSP64+2 - 66-ball, 3.639 x 3.971 mm, 0.4 mm pitch wafer level
chip scale package outline

1. Drawing is not to scale.

         

Table 88. WLCSP64+2 - 66-ball, 4.539 x 4.911 mm, 0.4 mm pitch wafer level chip scale 
package mechanical data

Symbol
millimeters inches(1)

Min Typ Max Min Typ Max

A 0.540 0.570 0.600 0.0213 0.0224 0.0236

A1 - 0.190 - - 0.0075 -

A2 - 0.380 - - 0.0150 -

A3 - 0.025 - - 0.010 -

b(2) 0.240 0.270 0.300 0.0094 0.0106 0.0118

D 3.604 3.939 3.674 0.1419 0.1551 0.1446

E 3.936 3.971 4.006 0.1550 0.1563 0.1577

e - 0.400 - - 0.0157 -

e1 - 3.200 - - 0.1260 -

e2 - 3.200 - - 0.1260 -


