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Microcontrollers are crucial in modern electronics,
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range of applications.

Applications of "Embedded -
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different performance and complexity needs.

Types of "Embedded - Microcontrollers"
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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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2.2.9 Flexible static memory controller (FSMC)

The FSMC is embedded in the STM32F405xx and STM32F407xx family. It has four Chip 
Select outputs supporting the following modes: PCCard/Compact Flash, SRAM, PSRAM, 
NOR Flash and NAND Flash.

Functionality overview:

• Write FIFO

• Maximum FSMC_CLK frequency for synchronous accesses is 60 MHz.

LCD parallel interface

The FSMC 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.

2.2.10 Nested vectored interrupt controller (NVIC)

The STM32F405xx and STM32F407xx embed a nested vectored interrupt controller able to 
manage 16 priority levels, and handle up to 82 maskable interrupt channels plus the 16 
interrupt lines of the Cortex®-M4 with FPU core. 

• Closely coupled NVIC gives low-latency interrupt processing

• Interrupt entry vector table address passed directly to the core

• Allows early processing of interrupts

• Processing of late arriving, higher-priority interrupts

• Support tail chaining

• Processor state automatically saved

• Interrupt entry restored on interrupt exit with no instruction overhead

This hardware block provides flexible interrupt management features with minimum interrupt 
latency.

2.2.11 External interrupt/event controller (EXTI)

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

2.2.12 Clocks and startup

On reset the 16 MHz internal RC oscillator is selected as the default CPU clock. The 
16 MHz internal RC oscillator is factory-trimmed to offer 1% accuracy over the full 
temperature range. The application can then select as system clock either the RC oscillator 
or an external 4-26 MHz clock source. This clock can be monitored for failure. If a failure is 
detected, the system automatically switches back to the internal RC oscillator and a 
software interrupt is generated (if enabled). This clock source is input to a PLL thus allowing 
to increase the frequency up to 168 MHz. Similarly, full interrupt management of the PLL 
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Figure 15. STM32F40xxx LQFP176 pinout

1. The above figure shows the package top view.
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- - 60 82 M15 101 PD13 I/O FT -
FSMC_A18/TIM4_CH2/ 

EVENTOUT
-

- - - 83 - 102 VSS S - - -

- - - 84 J13 103 VDD S - - -

- F2 61 85 M14 104 PD14 I/O FT -
FSMC_D0/TIM4_CH3/ 

EVENTOUT/ EVENTOUT
-

- F1 62 86 L14 105 PD15 I/O FT -
FSMC_D1/TIM4_CH4/ 

EVENTOUT
-

- - - 87 L15 106 PG2 I/O FT - FSMC_A12/ EVENTOUT -

- - - 88 K15 107 PG3 I/O FT - FSMC_A13/ EVENTOUT -

- - - 89 K14 108 PG4 I/O FT - FSMC_A14/ EVENTOUT -

- - - 90 K13 109 PG5 I/O FT - FSMC_A15/ EVENTOUT -

- - - 91 J15 110 PG6 I/O FT - FSMC_INT2/ EVENTOUT -

- - - 92 J14 111 PG7 I/O FT -
FSMC_INT3 /USART6_CK/ 

EVENTOUT
-

- - - 93 H14 112 PG8 I/O FT -
USART6_RTS / 
ETH_PPS_OUT/ 

EVENTOUT
-

- - - 94 G12 113 VSS S - - -

- - - 95 H13 114 VDD S - - -

37 F3 63 96 H15 115 PC6 I/O FT -

I2S2_MCK / 
TIM8_CH1/SDIO_D6 / 

USART6_TX / 
DCMI_D0/TIM3_CH1/ 

EVENTOUT

-

38 E1 64 97 G15 116 PC7 I/O FT -

I2S3_MCK / 
TIM8_CH2/SDIO_D7 / 

USART6_RX / 
DCMI_D1/TIM3_CH2/ 

EVENTOUT

-

39 E2 65 98 G14 117 PC8 I/O FT -
TIM8_CH3/SDIO_D0 

/TIM3_CH3/ USART6_CK / 
DCMI_D2/ EVENTOUT

-

Table 7. STM32F40xxx pin and ball definitions (continued)

Pin number

Pin name

(function after 
reset)(1)

P
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te
s

Alternate functions
Additional 
functions
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0
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Q
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P
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0

L
Q

F
P

14
4

U
F

B
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A
17

6

L
Q

F
P

17
6
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Table 10.  register boundary addresses 

Bus Boundary address Peripheral

0xE00F FFFF - 0xFFFF FFFF Reserved

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

0xA000 1000 - 0xDFFF FFFF Reserved

AHB3

0xA000 0000 - 0xA000 0FFF FSMC control register

0x9000 0000 - 0x9FFF FFFF FSMC bank 4

0x8000 0000 - 0x8FFF FFFF FSMC bank 3

0x7000 0000 - 0x7FFF FFFF FSMC bank 2

0x6000 0000 - 0x6FFF FFFF FSMC bank 1

0x5006 0C00- 0x5FFF FFFF Reserved

AHB2

0x5006 0800 - 0x5006 0BFF RNG

0x5005 0400 - 0x5006 07FF Reserved

0x5005 0000 - 0x5005 03FF DCMI

0x5004 0000- 0x5004 FFFF Reserved

0x5000 0000 - 0x5003 FFFF USB OTG FS

0x4008 0000- 0x4FFF FFFF Reserved
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5.3 Operating conditions

5.3.1 General operating conditions

          

Table 12. Current characteristics

Symbol Ratings  Max. Unit

IVDD Total current into VDD power lines (source)(1)

1. All main power (VDD, VDDA) and ground (VSS, VSSA) pins must always be connected to the external power 
supply, in the permitted range.

240

mA

IVSS Total current out of VSS ground lines (sink)(1) 240

IIO
Output current sunk by any I/O and control pin 25

Output current source by any I/Os and control pin 25

IINJ(PIN)
 (2)

2. Negative injection disturbs the analog performance of the device. See note in Section 5.3.21: 12-bit ADC 
characteristics.

Injected current on five-volt tolerant I/O(3)

3. Positive injection is not possible on these I/Os. A negative injection is induced by VIN<VSS. IINJ(PIN) must 
never be exceeded. Refer to Table 11 for the values of the maximum allowed input voltage.

–5/+0

Injected current on any other pin(4)

4. A positive injection is induced by VIN>VDD while a negative injection is induced by VIN<VSS. IINJ(PIN) must 
never be exceeded. Refer to Table 11 for the values of the maximum allowed input voltage.

±5

ΣIINJ(PIN)
(4) Total injected current (sum of all I/O and control pins)(5)

5. When several inputs are submitted to a current injection, the maximum ΣIINJ(PIN) is the absolute sum of the 
positive and negative injected currents (instantaneous values).

±25

Table 13. Thermal characteristics

Symbol Ratings  Value Unit

TSTG Storage temperature range –65 to +150 °C

TJ Maximum junction temperature 125 °C

Table 14. General operating conditions 

Symbol Parameter  Conditions Min Typ Max Unit

fHCLK Internal AHB clock frequency
VOS bit in PWR_CR register = 0(1) 0 - 144

MHz
VOS bit in PWR_CR register= 1 0 - 168

fPCLK1 Internal APB1 clock frequency - 0 - 42

fPCLK2 Internal APB2 clock frequency - 0 - 84

VDD Standard operating voltage - 1.8(2) - 3.6 V

VDDA
(3)(4)

Analog operating voltage 
(ADC limited to 1.2 M samples) Must be the same potential as 

VDD
(5)

1.8(2) - 2.4

V
Analog operating voltage 
(ADC limited to 1.4 M samples)

2.4 - 3.6

VBAT Backup operating voltage - 1.65 - 3.6 V
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5.3.2 VCAP_1/VCAP_2 external capacitor

Stabilization for the main regulator is achieved by connecting an external capacitor CEXT to 
the VCAP_1/VCAP_2 pins. CEXT is specified in Table 16. 

Figure 23. External capacitor CEXT

1. Legend: ESR is the equivalent series resistance.

          

5.3.3 Operating conditions at power-up / power-down (regulator ON)

Subject to general operating conditions for TA.

          

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

Subject to general operating conditions for TA.

          

Table 16. VCAP_1/VCAP_2 operating conditions(1)

1. When bypassing the voltage regulator, the two 2.2 µF VCAP capacitors are not required and should be 
replaced by two 100 nF decoupling capacitors.

Symbol Parameter Conditions

CEXT Capacitance of external capacitor 2.2 µF

ESR ESR of external capacitor < 2 Ω

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

Symbol Parameter Min Max Unit

tVDD

VDD rise time rate 20 ∞
µs/V

VDD fall time rate 20 ∞

Table 18. Operating conditions at power-up / power-down (regulator OFF)(1)

1. To reset the internal logic at power-down, a reset must be applied on pin PA0 when VDD reach below 
minimum value of V12.

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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5.3.6 Supply current characteristics

The current consumption is a function of several parameters and factors such as the 
operating voltage, ambient temperature, I/O pin loading, device software configuration, 
operating frequencies, I/O pin switching rate, program location in memory and executed 
binary code. 
The current consumption is measured as described in Figure 22: Current consumption 
measurement scheme.

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

Typical and maximum current consumption

The MCU is placed under the following conditions:

• At startup, all I/O pins are configured as analog inputs by firmware.

• All peripherals are disabled except if it is explicitly mentioned.

• The Flash memory access time is adjusted to fHCLK frequency (0 wait state from 0 to 
30 MHz, 1 wait state from 30 to 60 MHz, 2 wait states from 60 to 90 MHz, 3 wait states 
from 90 to 120 MHz, 4 wait states from 120 to 150 MHz, and 5 wait states from 150 to 
168 MHz).

• When the peripherals are enabled HCLK is the system clock, fPCLK1 = fHCLK/4, and 
fPCLK2 = fHCLK/2, except is explicitly mentioned.

• The maximum values are obtained for VDD = 3.6 V and maximum ambient temperature 
(TA), and the typical values for TA= 25 °C and VDD = 3.3 V unless otherwise specified.

VBOR2
Brownout level 2 
threshold

Falling edge 2.44 2.50 2.56 V

Rising edge 2.53 2.59 2.63 V

VBOR3
Brownout level 3 
threshold

Falling edge 2.75 2.83 2.88 V

Rising edge 2.85 2.92 2.97 V

VBORhyst
(1) BOR hysteresis - - 100 - mV

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

IRUSH
(1)

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

- - 160 200 mA

ERUSH
(1)

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

VDD = 1.8 V, TA = 105 °C, 
IRUSH = 171 mA for 31 µs

- - 5.4 µC

1. Guaranteed by design.

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

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

Symbol Parameter Conditions Min Typ Max Unit
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Table 21. Typical and maximum current consumption in Run mode, code with data processing
 running from Flash memory (ART accelerator disabled)

Symbol Parameter Conditions fHCLK

Typ Max(1)

Unit
TA = 25 °C TA = 85 °C TA = 105 °C

IDD
Supply current 
in Run mode

External clock(2),  
all peripherals 
enabled(3)(4)

168 MHz 93 109 117

mA

144 MHz 76 89 96

120 MHz 67 79 86

90 MHz 53 65 73

60 MHz 37 49 56

30 MHz 20 32 39

25 MHz 16 27 35

16 MHz 11 23 30

8 MHz 6 18 25

4 MHz 4 16 23

2 MHz 3 15 22

External clock(2),  
all peripherals 
disabled(3)(4)

168 MHz 46  61 69

144 MHz 40  52 60

120 MHz 37 48 56

90 MHz 30 42 50

60 MHz 22 33 41

30 MHz 12 24 31

25 MHz 10 21 29

16 MHz 7 19 26

8 MHz 4 16 23

4 MHz 3 15 22

2 MHz 2 14 21

1. Guaranteed by characterization, tested in production at VDD max and fHCLK max with peripherals enabled.

2. External clock is 4 MHz and PLL is on when fHCLK > 25 MHz.

3. When analog peripheral blocks such as (ADCs, DACs, HSE, LSE, HSI,LSI) are on, an additional power consumption 
should be considered.

4.  When the ADC is ON (ADON bit set in the ADC_CR2 register), add an additional power consumption of 1.6 mA per ADC 
for the analog part. 
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Low-speed external user clock generated from an external source

The characteristics given in Table 31 result from tests performed using an low-speed 
external clock source, and under ambient temperature and supply voltage conditions 
summarized in Table 14.

          

Figure 30. High-speed external clock source AC timing diagram

Table 31. 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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Electromagnetic Interference (EMI)

The electromagnetic field emitted by the device are monitored while a simple application, 
executing EEMBC? code, is running. This emission test is compliant with SAE IEC61967-2 
standard which specifies the test board and the pin loading.

          

5.3.14 Absolute maximum ratings (electrical sensitivity)

Based on three different tests (ESD, LU) using specific measurement methods, the device is 
stressed in order to determine its performance in terms of electrical sensitivity.

Electrostatic discharge (ESD)

Electrostatic discharges (a positive then a negative pulse separated by 1 second) are 
applied to the pins of each sample according to each pin combination. The sample size 
depends on the number of supply pins in the device (3 parts × (n+1) supply pins). This test 
conforms to the JESD22-A114/C101 standard.

           

Table 44. EMI characteristics

Symbol Parameter Conditions
Monitored

frequency band

Max vs. 
[fHSE/fCPU]

Unit

25/168 MHz

SEMI Peak level

VDD = 3.3 V, TA = 25 °C, LQFP176 
package, conforming to SAE J1752/3 
EEMBC, code running from Flash with 
ART accelerator enabled 

0.1 to 30 MHz 32

dBµV30 to 130 MHz 25

130 MHz to 1GHz 29

SAE EMI Level 4 -

VDD = 3.3 V, TA = 25 °C, LQFP176 
package, conforming to SAE J1752/3 
EEMBC, code running from Flash with 
ART accelerator and PLL spread 
spectrum enabled

0.1 to 30 MHz 19

dBµV30 to 130 MHz 16

130 MHz to 1GHz 18

SAE EMI level 3.5 -

Table 45. ESD absolute maximum ratings

Symbol Ratings Conditions Class
Maximum 
value(1) Unit

VESD(HBM)

Electrostatic discharge 
voltage (human body 
model)

TA = +25 °C conforming to JESD22-A114 2 2000(2)

V

VESD(CDM)

Electrostatic discharge 
voltage (charge device 
model)

TA = +25 °C conforming to 
ANSI/ESD STM5.3.1

II 500

1. Guaranteed by characterization.

2. On VBAT pin, VESD(HBM) is limited to 1000 V.
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USB OTG FS characteristics

This interface is present in both the USB OTG HS and USB OTG FS controllers.

          

          

Table 57. USB OTG FS startup time

Symbol Parameter  Max  Unit

tSTARTUP
(1)

1. Guaranteed by design.

USB OTG FS transceiver startup time 1 µs

Table 58. USB OTG FS DC electrical characteristics 

Symbol Parameter Conditions Min.(1)

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

Typ. Max.(1) Unit

Input 
levels

VDD
USB OTG FS operating 
voltage

- 3.0(2)

2. The STM32F405xx and STM32F407xx USB OTG FS functionality is ensured down to 2.7 V but not the full 
USB OTG FS electrical characteristics which are degraded in the 2.7-to-3.0 V VDD voltage range.

- 3.6 V

VDI
(3)

3. Guaranteed by design.

Differential input sensitivity
I(USB_FS_DP/DM, 
USB_HS_DP/DM) 

0.2 - -

VVCM
(3) Differential common mode 

range
Includes VDI range 0.8 - 2.5

VSE
(3) Single ended receiver 

threshold
- 1.3 - 2.0

Output 
levels

VOL Static output level low RL of 1.5 kΩ to 3.6 V(4)

4. RL is the load connected on the USB OTG FS drivers

- - 0.3
V

VOH Static output level high RL of 15 kΩ to VSS
(4) 2.8 - 3.6

RPD

PA11, PA12, PB14, PB15 
(USB_FS_DP/DM, 
USB_HS_DP/DM) 

VIN = VDD

17 21 24

kΩ

PA9, PB13 
(OTG_FS_VBUS, 
OTG_HS_VBUS) 

0.65 1.1 2.0

RPU

PA12, PB15 (USB_FS_DP, 
USB_HS_DP)

VIN = VSS 1.5 1.8 2.1

PA9, PB13 
(OTG_FS_VBUS, 
OTG_HS_VBUS) 

VIN = VSS 0.25 0.37 0.55



DocID022152 Rev 8 133/202

STM32F405xx, STM32F407xx Electrical characteristics

          

5.3.20 CAN (controller area network) interface

Refer to Section 5.3.16: I/O port characteristics for more details on the input/output alternate 
function characteristics (CANTX and CANRX).

5.3.21 12-bit ADC characteristics

Unless otherwise specified, the parameters given in Table 67 are derived from tests 
performed under the ambient temperature, fPCLK2 frequency and VDDA supply voltage 
conditions summarized in Table 14.

          

Table 66. Dynamic characteristics: Ethernet MAC signals for MII(1) 

1. Guaranteed by characterization.

Symbol Parameter Min Typ Max Unit

tsu(RXD) Receive data setup time 9 -

ns

tih(RXD) Receive data hold time 10 -

tsu(DV) Data valid setup time 9 -

tih(DV) Data valid hold time 8 -

tsu(ER) Error setup time 6 -

tih(ER) Error hold time 8 -

td(TXEN) Transmit enable valid delay time 0 10 14

td(TXD) Transmit data valid delay time 0 10 15

Table 67. ADC characteristics 

Symbol Parameter  Conditions Min Typ Max Unit

VDDA Power supply - 1.8(1) - 3.6

VVREF+ Positive reference voltage - 1.8(1)(2)(3) - VDDA

VREF− Negative reference voltage - - 0 -

fADC ADC clock frequency

VDDA = 1.8(1)(3) to 
2.4 V

0.6 15 18 MHz

VDDA = 2.4 to 3.6 V(3) 0.6 30 36 MHz

fTRIG
(4) External trigger frequency

fADC = 30 MHz, 
12-bit resolution

- - 1764 kHz

- - - 17 1/fADC

VAIN Conversion voltage range(5) -
0 (VSSA or VREF- 
tied to ground)

- VREF+ V

RAIN
(4) External input impedance

See Equation 1 for 
details

- - 50 κΩ

RADC
(4)(6) Sampling switch resistance - - - 6 κΩ

CADC
(4) Internal sample and hold 

capacitor
 - - 4 - pF
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Figure 59. Synchronous multiplexed PSRAM write timings

          

Table 80. Synchronous multiplexed PSRAM write 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)  - 1 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  - 0 ns

td(CLKL-

NADVH)
FSMC_CLK low to FSMC_NADV high 0  - 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) 8  - ns

td(CLKL-NWEL) FSMC_CLK low to FSMC_NWE low  - 0.5 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

 - 3 ns
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NAND controller waveforms and timings

Figure 68 through Figure 71 represent synchronous waveforms, and Table 85 and Table 86 
provide the corresponding timings. The results shown in this table are obtained with the 
following FSMC configuration:

• COM.FSMC_SetupTime = 0x01;

• COM.FSMC_WaitSetupTime = 0x03;

• COM.FSMC_HoldSetupTime = 0x02;

• COM.FSMC_HiZSetupTime = 0x01;

• ATT.FSMC_SetupTime = 0x01;

• ATT.FSMC_WaitSetupTime = 0x03;

• ATT.FSMC_HoldSetupTime = 0x02;

• ATT.FSMC_HiZSetupTime = 0x01;

• Bank = FSMC_Bank_NAND;

• MemoryDataWidth = FSMC_MemoryDataWidth_16b;

• ECC = FSMC_ECC_Enable;

• ECCPageSize = FSMC_ECCPageSize_512Bytes;

• TCLRSetupTime = 0;

• TARSetupTime = 0.

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

Table 84. Switching characteristics for PC Card/CF read and write cycles
 in I/O space(1)(2) 

Symbol Parameter Min Max Unit

tw(NIOWR) FSMC_NIOWR low width 8THCLK –1  - ns

tv(NIOWR-D) FSMC_NIOWR low to FSMC_D[15:0] valid  - 5THCLK– 1 ns

th(NIOWR-D) FSMC_NIOWR high to FSMC_D[15:0] invalid 8THCLK– 2 - ns

td(NCE4_1-NIOWR) FSMC_NCE4_1 low to FSMC_NIOWR valid  - 5THCLK+ 2.5 ns

th(NCEx-NIOWR) FSMC_NCEx high to FSMC_NIOWR invalid 5THCLK–1.5  - ns

td(NIORD-NCEx) FSMC_NCEx low to FSMC_NIORD valid  - 5THCLK+ 2 ns

th(NCEx-NIORD) FSMC_NCEx high to FSMC_NIORD) valid 5THCLK– 1.5  - ns

tw(NIORD) FSMC_NIORD low width 8THCLK–0.5  - ns

tsu(D-NIORD) FSMC_D[15:0] valid before FSMC_NIORD high 9 - ns

td(NIORD-D) FSMC_D[15:0] valid after FSMC_NIORD high 0 - ns

1. CL = 30 pF.

2. Guaranteed by characterization.
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5.3.28 SD/SDIO MMC card host interface (SDIO) characteristics

Unless otherwise specified, the parameters given in Table 88 are derived from tests 
performed under ambient temperature, fPCLKx frequency and VDD supply voltage conditions 
summarized in Table 14 with the following configuration:

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

• Capacitive load C = 30 pF

• Measurement points are done at CMOS levels: 0.5VDD

Refer to Section 5.3.16: I/O port characteristics for more details on the input/output 
characteristics.

Figure 73. SDIO high-speed mode

tsu(DATA) Data input setup time 2.5 -

ns

th(DATA) Data hold time 1 -

tsu(HSYNC), 
tsu(VSYNC)

HSYNC/VSYNC input setup time 2 -

th(HSYNC), 
th(VSYNC)

HSYNC/VSYNC input hold time 0.5 -

1. Guaranteed by characterization.

Table 87. DCMI characteristics(1) (continued)

Symbol Parameter Min Max Unit

tW(CKH)

CK

D, CMD
(output)

D, CMD
(input)

tC

tW(CKL)

tOV tOH

tISU tIH

tf tr

ai14887
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7 Part numbering

          

For a list of available options (speed, package, etc.) or for further information on any aspect 
of this device, please contact your nearest ST sales office.

Table 99. Ordering information scheme
 
Example: STM32 F 405 R E T 6 xxx

Device family

STM32 = ARM-based 32-bit microcontroller

Product type

F = general-purpose

Device subfamily

405 = STM32F40xxx, connectivity

407= STM32F40xxx, connectivity, camera interface, Ethernet 

Pin count

R = 64 pins

O = 90 pins

V = 100 pins

Z = 144 pins

I = 176 pins

Flash memory size

E = 512 Kbytes of Flash memory

G = 1024 Kbytes of Flash memory

Package

T = LQFP

H = UFBGA

Y = WLCSP

Temperature range

6 = Industrial temperature range, –40 to 85 °C.

7 = Industrial temperature range, –40 to 105 °C.

Options

xxx = programmed parts

TR = tape and reel
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Appendix A Application block diagrams

A.1 USB OTG full speed (FS) interface solutions

Figure 93. USB controller configured as peripheral-only and used 
in Full speed mode

1. External voltage regulator only needed when building a VBUS powered device.

2. The same application can be developed using the OTG HS in FS mode to achieve enhanced performance 
thanks to the large Rx/Tx FIFO and to a dedicated DMA controller.

Figure 94. USB controller configured as host-only and used in full speed mode

1. The current limiter is required only if the application has to support a VBUS powered device. A basic power 
switch can be used if 5 V are available on the application board.

2. The same application can be developed using the OTG HS in FS mode to achieve enhanced performance 
thanks to the large Rx/Tx FIFO and to a dedicated DMA controller.
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A.3 Ethernet interface solutions

Figure 97. MII mode using a 25 MHz crystal

1. fHCLK must be greater than 25 MHz. 

2. Pulse per second when using IEEE1588 PTP optional signal.

Figure 98. RMII with a 50 MHz oscillator

1. fHCLK must be greater than 25 MHz. 


