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STM32F405xx, STM32F407xx Electrical characteristics

5.3.6

2

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

Symbol Parameter Conditions Min | Typ | Max | Unit
Brownout level 2 Falling edge 244 | 250 | 2.56 \
VBOR2 | threshold Rising edge 253 | 259 | 263 | V
Brownout level 3 Falling edge 275 | 283 | 2.88 V
VBORS | threshold Rising edge 285 | 292 [ 297 | v
Veornyst? | BOR hysteresis - - 100 |- mV
TRSTTEMPO(1)(2) Reset temporization - 0.5 1.5 3.0 ms
InRush current on
s |volage e : | 160 | 200 | ma

wakeup from Standby)

InRush energy on
E ™ voltage regulator Vpp =1.8V, Tp =105 °C,

Ao power-on (POR or lrusH = 171 mA for 31 us
wakeup from Standby)

1. Guaranteed by design.

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

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:
e At startup, all I/O pins are configured as analog inputs by firmware.
e All peripherals are disabled except if it is explicitly mentioned.

e The Flash memory access time is adjusted to fyc| k frequency (0 wait state from O 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).

e  When the peripherals are enabled HCLK is the system clock, fpc| k1 = fHck/4, and
fpcLk2 = fHcLk/2, except is explicitly mentioned.

e  The maximum values are obtained for Vpp = 3.6 V and maximum ambient temperature
(Ta), and the typical values for Ty= 25 °C and Vpp = 3.3 V unless otherwise specified.
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Table 20. Typical and maximum current consumption in Run mode, code with data processing
running from Flash memory (ART accelerator enabled) or RAM (1)

Typ Max(2)
Symbol Parameter Conditions fucLk Tp = Tp = Tp= Unit
25°C | 85°C | 105°C

168 MHz 87 102 109

144 MHz 67 80 86

120 MHz 56 69 75

90 MHz 44 56 62

© 60 MHz 30 42 49

poripheras snabied® | %0Mhz | 16 | 28 | 3
25 MHz 12 24 31

16 MHz(®) 9 20 28

8 MHz 5 17 24

4 MHz 3 15 22

oo :tdgprlzlo%uerrent in 2 MHz 2 14 21 A

168 MHz 40 54 61

144 MHz 31 43 50

120 MHz 26 38 45

90 MHz 20 32 39

" 60 MHz 14 26 33

poriporas dsableg@® | 0Mhz | 8 | 20 [ &
25 MHz 6 18 25

16 MHz(®) 5 16 24

8 MHz 3 15 22

4 MHz 2 14 21

2 MHz 2 14 21

Code and data processing running from SRAM1 using boot pins.
Guaranteed by characterization, tested in production at Vpp max and f,c x max with peripherals enabled.
External clock is 4 MHz and PLL is on when fyc k > 25 MHz.

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.

E

5. When analog peripheral blocks such as ADCs, DACs, HSE, LSE, HSI, or LS| are ON, an additional power consumption
should be considered.

6. In this case HCLK = system clock/2.

3
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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)

Typ Max(1)
Symbol Parameter Conditions fHeoLk Unit
Tpo=25°C|Tp=85°C|T,=105°C

168 MHz 93 109 117

144 MHz 76 89 96

120 MHz 67 79 86

90 MHz 53 65 73

External clock®), 60 MHz 37 49 %6

all peripherals 30 MHz 20 32 39

enabled Y 25 MHz 16 27 35

16 MHz 1 23 30

8 MHz 6 18 25

4 MHz 4 16 23

oo Supply current 2 MHz 3 15 22 mA

in Run mode 168 MHz 46 61 69
144 MHz 40 52 60

120 MHz 37 48 56

90 MHz 30 42 50

External clock(®), 60 MHz 22 3 M

all peripherals 30 MHz 12 24 31

disabled 9 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

Guaranteed by characterization, tested in production at Vpp max and fyc x max with peripherals enabled.
External clock is 4 MHz and PLL is on when fyc > 25 MHz.

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.

3
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Figure 24. Typical current consumption versus temperature, Run mode, code with data
processing running from Flash (ART accelerator ON) or RAM, and peripherals OFF
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Figure 25. Typical current consumption versus temperature, Run mode, code with data
processing running from Flash (ART accelerator ON) or RAM, and peripherals ON
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Figure 26. Typical current consumption versus temperature, Run mode, code with data
processing running from Flash (ART accelerator OFF) or RAM, and peripherals OFF
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Figure 27. Typical current consumption versus temperature, Run mode, code with data
processing running from Flash (ART accelerator OFF) or RAM, and peripherals ON
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Table 22. Typical and maximum current consumption in Sleep mode

Typ Max(!)
Symbol Parameter Conditions fucoLk Tp= Tp= Tp = Unit
25°C 85°C 105 °C
168 MHz 59 77 84
144 MHz 46 61 67
120 MHz 38 53 60
90 MHz 30 44 51
2 60 MHz 20 34 41
e aoq) | MM | 1| a6 | @
25 MHz 8 21 28
16 MHz 6 18 25
8 MHz 3 16 23
4 MHz 2 15 22
oo gigii,lynfgg:nt in 2 MHz 2 14 21 A
168 MHz 12 27 35
144 MHz 9 22 29
120 MHz 8 20 28
90 MHz 7 19 26
2 60 MHz 5 17 24
E;:ﬁ)r:::aclg) g:(sat’)lzlé 30 MHz 3 16 23
25 MHz 2 15 22
16 MHz 2 14 21
8 MHz 1 14 21
4 MHz 1 13 21
2 MHz 1 13 21

Guaranteed by characterization, tested in production at Vpp max and fc x max with peripherals enabled.
External clock is 4 MHz and PLL is on when fyc > 25 MHz.

3. Add an additional power consumption of 1.6 mA per ADC for the analog part. In applications, this consumption occurs only
while the ADC is ON (ADON bit is set in the ADC_CR2 register).

3
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Table 23. Typical and maximum current consumptions in Stop mode

Typ Max

Symbol | Parameter Conditions Taz | Taz | Ta= | Ta= Unit

25°C | 25°C | 85°C (105°C

Flash in Stop mode, low-speed and high-

Supply speed internal RC oscillators and high-speed | 0.45 | 1.5 | 11.00 | 20.00
current in oscillator OFF (no independent watchdog)

Stop mode

with main Flash in Deep power-down mode, low-speed

regulatorin | and high-speed internal RC oscillators and
Run mode high-speed oscillator OFF (no independent
watchdog)

Ibp_sToP mA
- Supply Flash in Stop mode, low-speed and high-

current in speed internal RC oscillators and high-speed 0.31 1.1 8.00 | 15.00
Stop mode oscillator OFF (no independent watchdog)

0.40 1.5 | 11.00 | 20.00

with main Flash in Deep power-down mode, low-speed
regulatorin | 5ng high-speed internal RC oscillators and
Low-power high-speed oscillator OFF (no independent
mode watchdog)

0.28 1.1 8.00 | 15.00

Table 24. Typical and maximum current consumptions in Standby mode

Typ Max(?
Ta=25°C Ta= Ta=
Symbol Parameter Conditions A 85°C 105 °C Unit
Vpp= | Vpbp= | Vpp = -
1.8V | 24V | 33V Vop =36V
Backup SRAM ON, low-
speed oscillator and RTC ON 3.0 3.4 4.0 20 36
Backup SRAM OFF, low-
SUgP'Y current | speed oscillator and RTC ON 2.4 27 33 16 32
lDD_STBY in tandby }JA
mode Backup SRAM ON, RTC 24 | 26 | 30 12.5 24.8
OFF
Backup SRAM OFF, RTC 17 19 29 98 19.2
OFF ’ ' ' ’ ’

1. Guaranteed by characterization.

3
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Table 25. Typical and maximum current consumptions in Vgar mode

Typ Max(1)
Tr = Ta =
Ta=25°C A, 2.
Symbol | Parameter Conditions 85°C 105°C Unit
Vear Vgar= Vear
= 24V = VBAT =36V
1.8V ’ 33V
Backup SRAM ON, low-speed
oscillator and RTC ON 1.29 142 1.68 6 1
Backup S o
Ipp_vea | domain Backup SRAM OFF, low-speed | 6, | 973 | 0.96 3 5 uA
T supply oscillator and RTC ON
current Backup SRAM ON, RTC OFF 0.79 | 0.81 0.86 5 10
Backup SRAM OFF, RTC OFF 0.10 | 0.10 | 0.10 2 4
1. Guaranteed by characterization.
Figure 28. Typical Vgt current consumption (LSE and RTC ON/backup RAM OFF)
35
3
3 e 1.65V
3 =18V
£ == 2V
E =0=2.4V
>
- 2.7V
=3V
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0
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Temperature in (°C)
MS19990V1
90/201 DoclD022152 Rev 7 1S7]




STM32F405xx, STM32F407xx Electrical characteristics

Figure 29. Typical Vgt current consumption (LSE and RTC ON/backup RAM ON)
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Caution:

92/201

Additional current consumption

The MCU is placed under the following conditions:
e Al l/O pins are configured in analog mode.
e The Flash memory access time is adjusted to fyc k frequency.
e The voltage scaling is adjusted to fyc k frequency as follows:
—  Scale 2 for fyc k < 144 MHz
— Scale 1 for 144 MHz < fyg k < 168 MHz.
e The system clock is HCLK, fpc k1 = fHcLk/4, and fpci k2 = fHoLk/2
e  The HSE crystal clock frequency is 25 MHz.
e Tp=25°C.

Table 26. Typical current consumption in Run mode, code with data processing
running from Flash memory, regulator ON (ART accelerator enabled
except prefetch), Vpp = 1.8 V(1)

Symbol Parameter Conditions fHeLk (MHz) Typz.satgA = Unit
160 36.2
144 29.3
120 24.7
Supply current in All peripheral
IDD Run mode disabled 90 193 mA
60 13.4
30 7.7
25 6.0

1. When peripherals are enabled, the power consumption corresponding to the analog part of the peripherals
(such as ADC or DAC) is not included.

/0 system current consumption

The current consumption of the I/O system has two components: static and dynamic.
I/O static current consumption

All the 1/0Os used as inputs with pull-up generate current consumption when the pin is
externally held low. The value of this current consumption can be simply computed by using
the pull-up/pull-down resistors values given in Table 48: I/O static characteristics.

For the output pins, any external pull-down or external load must also be considered to
estimate the current consumption.

Additional 1/0 current consumption is due to I/Os configured as inputs if an intermediate
voltage level is externally applied. This current consumption is caused by the input Schmitt
trigger circuits used to discriminate the input value. Unless this specific configuration is
required by the application, this supply current consumption can be avoided by configuring
these I/Os in analog mode. This is notably the case of ADC input pins which should be
configured as analog inputs.

Any floating input pin can also settle to an intermediate voltage level or switch inadvertently,
as a result of external electromagnetic noise. To avoid current consumption related to

DoclD022152 Rev 7 K‘"
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2

floating pins, they must either be configured in analog mode, or forced internally to a definite
digital value. This can be done either by using pull-up/down resistors or by configuring the
pins in output mode.

I/0O dynamic current consumption

In addition to the internal peripheral current consumption measured previously (see

Table 28: Peripheral current consumption), the 1/0Os used by an application also contribute
to the current consumption. When an 1/O pin switches, it uses the current from the MCU
supply voltage to supply the I/O pin circuitry and to charge/discharge the capacitive load
(internal or external) connected to the pin:

where
Isw is the current sunk by a switching I/O to charge/discharge the capacitive load
Vpp is the MCU supply voltage
fsw is the /O switching frequency
C is the total capacitance seen by the 1/O pin: C = C\y1+ Cext

The test pin is configured in push-pull output mode and is toggled by software at a fixed
frequency.
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Table 27. Switching output I/O current consumption

i ™ 1/0 toggling .
Symbol Parameter Conditions frequency (fsy) Typ Unit
2 MHz 0.02
Vop = 3.3 v 8 MHz 0.14
C=Cnt 25 MHz 0.51
50 MHz 0.86
60 MHz 1.30
2 MHz 0.10
Vpp = 3.3V 8 MHz 0.38
Cext=0pF 25 MHz 1.18
C=Cinr * Cexr* Cs 50 MHz 2.47
60 MHz 2.86
2 MHz 0.17
- 8 MHz 0.66
| 1/O switching Vpp =33V A
bDIO current Cexr = 10 pF 25 MHz 1.70 m
C=Cinr * Cexr* Cs 50 MHz 2.65
60 MHz 3.48
2 MHz 0.23
Cext =22 pF 25 MHz 3.20
C=Cint + Cext* Cs 50 MHz 469
60 MHz 8.06
2 MHz 0.30
Vpp = 3.3V 8 MHz 1.22
CEXT =33 pF 25 MHz 3.90
C =Cint + Cext* Cs 50 MHz 8.82
60 MHz -3
1. Cgis the PCB board capacitance including the pad pin. Cg = 7 pF (estimated value).
2. This test is performed by cutting the LQFP package pin (pad removal).
3. At60 MHz, C maximum load is specified 30 pF.
94/201 DoclD022152 Rev 7 K’l
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On-chip peripheral current consumption

The current consumption of the on-chip peripherals is given in Table 28. The MCU is placed
under the following conditions:

At startup, all I/0 pins are configured as analog pins by firmware.
All peripherals are disabled unless otherwise mentioned

The code is running from Flash memory and the Flash memory access time is equal to
5 wait states at 168 MHz.

The code is running from Flash memory and the Flash memory access time is equal to
4 wait states at 144 MHz, and the power scale mode is set to 2.

The ART accelerator is ON.

The given value is calculated by measuring the difference of current consumption

— with all peripherals clocked off

— with one peripheral clocked on (with only the clock applied)

When the peripherals are enabled: HCLK is the system clock, fpc k1 = fhcLk/4, and
frcLk2 = fhok/2.

The typical values are obtained for Vpp = 3.3 V and Ta= 25 °C, unless otherwise
specified.

Table 28. Peripheral current consumption

Ipp(Typ)"
Peripheral Scalet Scale2 Unit
(up t 168 MHz) (up to 144 MHz)
GPIOA 2.70 2.40
GPIOB 2.50 2.22
GPIOC 2.54 2.28
GPIOD 2.55 2.28
GPIOE 2.68 2.40
GPIOF 2.53 2.28
GPIOG 2.51 2.22
GPIOH 2.51 2.22
" t::'GB;MHZ) GPIOI 2.50 2.22 UAMHZ
OTG_HS+ULPI 28.33 25.38
CRC 0.41 0.40
BKPSRAM 0.63 0.58
DMA1 37.44 33.58
DMA2 37.69 33.93
ETH_MAC
E:rr::ll\\/l/l:g::)(( 20.43 18.39
ETH_MAC_PTP

DoclD022152 Rev 7 95/201




Electrical characteristics STM32F405xx, STM32F407xx

Table 28. Peripheral current consumption (continued)

Iop(Typ)™
Peripheral Scalel Scale2 Unit
(up t 168 MHz) (up to 144 MHz)
OTG_FS 26.45 26.67
(wp t:?:SZMHZ) DCMI 5.87 5.35 HA/MHz
RNG 1.50 1.67
(wp t::'GZSMHz) FSMC 12.46 11.31 HA/MHz
Bus matrix(@) 13.10 11.81 HA/MHz
TIM2 16.71 16.50
TIM3 12.33 11.94
TIM4 13.45 12.92
TIM5 17.14 16.58
TIM6 2.43 3.06
TIM7 2.43 2.22
TIM12 6.62 6.83
TIM13 5.05 5.47
TIM14 5.26 5.61
PWR 1.00 0.56
USART2 2.69 278
USART3 274 278
wp tﬁ‘Z?M Ha) UART4 3.24 3.33 HA/MHz
UART5 2.69 2.78
12C1 2.67 2.50
12C2 2.83 2.78
12C3 2.81 2.78
SPI2 2.43 2.22
SPI3 243 2.22
1252) 2.43 2.22
1253) 2.26 2.22
CAN1 5.12 5.56
CAN2 4.81 5.28
DACH) 1.67 1.67
WWDG 1.00 0.83
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Table 28. Peripheral current consumption (continued)

Iop(Typ)™
Peripheral Scalel Scale2 Unit
(up t 168 MHz) (up to 144 MHz)

SDIO 7.08 7.92

TIM1 16.79 15.51

TIM8 17.88 16.53

TIM9 7.64 7.28

TIM10 4.89 4.82

- TIM11 5.19 4.82

(Up to 84 MHz) ADC10) 467 458 HA/MHz

ADC20) 4.67 458

ADC3®) 4.43 4.44

SPI1 1.32 1.39

USART1 3.51 3.72

USART6 3.55 3.75

SYSCFG 0.74 0.56

When the 1/0 compensation cell is ON, Ipp typical value increases by 0.22 mA.
The BusMatrix is automatically active when at least one master is ON.
To enable an 12S peripheral, first set the I2SMOD bit and then the I2SE bit in the SPI_I2SCFGR register.

When the DAC is ON and EN1/2 bits are set in DAC_CR register, add an additional power consumption of
0.8 mA per DAC channel for the analog part.

5. 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.

L nd =

5.3.7 Wakeup time from low-power mode

The wakeup times given in Table 29 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:

e  Stop or Standby mode: the clock source is the RC oscillator
e 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 Vpp supply
voltage conditions summarized in Table 14.

3
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Table 29. Low-power mode wakeup timings

Symbol Parameter Min(" Typ“) Max(? | Unit
CPU
tWUSLEEP(z) Wakeup from Sleep mode - 5 - clock
cycle

Wakeup from Stop mode (regulator in Run mode and
Flash memory in Stop mode)

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

twusTtop!? Hs
Wakeup from Stop mode (regulator in Run mode and

- 17 40

Flash memory in Deep power-down mode) ) 105 )
Wakeup from Stop mode (regulator in low-power mode ) 110 )
and Flash memory in Deep power-down mode)
tWUSTDBY(z)(S) Wakeup from Standby mode 260 375 480 ps

1. Guaranteed by characterization.
The wakeup times are measured from the wakeup event to the point in which the application code reads the first instruction.

twusTopey Minimum and maximum values are given at 105 °C and —45 °C, respectively.

5.3.8 External clock source characteristics

High-speed external user clock generated from an external source

The characteristics given in Table 30 result from tests performed using an high-speed
external clock source, and under ambient temperature and supply voltage conditions
summarized in Table 14.

Table 30. High-speed external user clock characteristics

Symbol Parameter Conditions Min Typ Max | Unit
fisE oxt E:;e;gsl;gt)ar clock source 1 ) 50 MHz
Vusen | OSC_IN input pin high level voltage 0.7Vpp - Vbp
Viuser | OSC_IN input pin low level voltage ) Vss - 0.3Vpp Y
ng:zg OSC_IN high or low time(") 5 - -
ns
trHsE) OSC_IN rise or fall time(!) - - 10
ti(HSE)
Cinnsg) | OSC_IN input capacitance(") - - 5 - pF
DuCysg) | Duty cycle - 45 - 55 %
I OSC_IN Input leakage current Vss<ViNSVpp - - +1 MA
1. Guaranteed by design.
98/201 DoclD022152 Rev 7 Gl_
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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.

Table 31. Low-speed external user clock characteristics

Symbol Parameter Conditions Min Typ Max Unit
User External clock source
fLSE ext frequency( - 32.768 1000 kHz
OSC32_IN input pin high level
VLSEH | yoltage PRI TS 0.7Vbp - Voo v
Vi sEL OSC32_IN input pin low level voltage - Vss - 0.3Vpp
tw(LsE) 0SC32_IN high or low time(") 450 - -
tiLsE) s
t(LSE) | 0SC32 IN rise or fall time(") ; ; 50
tiLsE)
Cinse) | OSC32_IN input capacitance(") - - 5 - pF
DuCy sy | Duty cycle - 30 - 70 %
I OSC32_IN Input leakage current Vss<Vin<VDpp - - +1 MA

1. Guaranteed by design.

2

Figure 30. High-speed external clock source AC timing diagram
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Figure 31. Low-speed external clock source AC timing diagram
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High-speed external clock generated from a crystal/ceramic resonator

The high-speed external (HSE) clock can be supplied with a 4 to 26 MHz crystal/ceramic
resonator oscillator. All the information given in this paragraph are based on
characterization results obtained with typical external components specified in Table 32. In
the application, the resonator and the load capacitors have to be placed as close as
possible to the oscillator pins in order to minimize output distortion and startup stabilization
time. Refer to the crystal resonator manufacturer for more details on the resonator
characteristics (frequency, package, accuracy).

Table 32. HSE 4-26 MHz oscillator characteristics (1)

Symbol Parameter Conditions Min | Typ | Max | Unit
fosc in | Oscillator frequency - 4 - 26 | MHz
Rg Feedback resistor - - 200 - kQ
Gn Oscillator transconductance 5 - -
Startup mA/NV
Gmeritmax | Maximum critical crystal G, - - 1
tSU<HSE)(2) Startup time Vpp is stabilized - 2 - ms

Guaranteed by design.

2. Guaranteed by characterization. tg,sg) is the startup time measured from the moment it is enabled (by
software) to a stabilized 8 MHz oscniatlon is reached. This value is measured for a standard crystal
resonator and can vary significantly with the crystal manufacturer

For C_ 4 and C», it is recommended to use high-quality external ceramic capacitors in the
5 pF to 25 pF range (typ.), designed for high-frequency applications, and selected to match
the requirements of the crystal or resonator (see Figure 32). C, 4 and C| 5 are usually the
same size. The crystal manufacturer typically specifies a load capacitance which is the
series combination of C 4 and C| ,. PCB and MCU pin capacitance must be included (10 pF
can be used as a rough estimate of the combined pin and board capacitance) when sizing
C|_1 and C|_2.
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Note:

Note:

3

For information on electing the crystal, refer to the application note AN2867 “Oscillator
design guide for ST microcontrollers” available from the ST website www.st.com.

Figure 32. Typical application with an 8 MHz crystal

Resonator with
integrated capacitors

RSNCTR
- I . OSC_IN _

- 8 MHz
‘resonator

'I>‘”_ fHSE
Bias

RE | controlled
gain

STM32F

ai17530

1. Rgxr value depends on the crystal characteristics.
Low-speed external clock generated from a crystal/ceramic resonator

The low-speed external (LSE) clock can be supplied with a 32.768 kHz crystal/ceramic
resonator oscillator. All the information given in this paragraph are based on
characterization results obtained with typical external components specified in Table 33. In
the application, the resonator and the load capacitors have to be placed as close as
possible to the oscillator pins in order to minimize output distortion and startup stabilization
time. Refer to the crystal resonator manufacturer for more details on the resonator
characteristics (frequency, package, accuracy).

Table 33. LSE oscillator characteristics (f_sg = 32.768 kHz) (1)

Symbol Parameter Conditions Min Typ Max | Unit
fosc in | Oscillator frequency - - 32.768 - MHz
Rg Feedback resistor - - 18.4 - MQ
Iop LSE current consumption - - - 1 MA
Gn Oscillator transconductance 2.8 - -
Startup HAN
Gmeritmax | Maximum critical crystal Gy, - - 0.56
tSU(LSE)(z) startup time Vpp is stabilized - 2 - ]

1. Guaranteed by design.

2. Guaranteed by characterization. tgy(_sg, is the startup time measured from the moment it is enabled (by
software) to a stabilized 32.768 kHz oscillation is reached. This value is measured for a standard crystal
resonator and it can vary significantly with the crystal manufacturer

For information on electing the crystal, refer to the application note AN2867 “Oscillator
design guide for ST microcontrollers” available from the ST website www.st.com.
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Figure 33. Typical application with a 32.768 kHz crystal
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Internal clock source characteristics

The parameters given in Table 34 and Table 35 are derived from tests performed under
ambient temperature and Vpp supply voltage conditions summarized in Table 14.

High-speed internal (HSI) RC oscillator

Table 34. HSI oscillator characteristics ()

Symbol Parameter Conditions Min | Typ | Max | Unit
fusi Frequency - - 16 - MHz
HSI user trimming step(® - - - 1 %
Ta =—40to 105 °C® -8 - 45 | %
ACChg
Accuracy of the HS| oscillator | T =—10 to 85 °C(®) -4 - 4 %
Tp=25°C*) —1 - 1 %
tSU(HS|)(2) HSI oscillator startup time - - 22 4 us
(2) | HS! oscillator power ) )
IbpHsi) consumption 60 80 WA
1. Vpp =3.3V, Tp =40 to 105 °C unless otherwise specified.
2. Guaranteed by design.
3. Guaranteed by characterization.
4. Factory calibrated, parts not soldered.
Low-speed internal (LSI) RC oscillator
Table 35. LSl oscillator characteristics (1)
Symbol Parameter Min Typ Max Unit
fLg® Frequency 17 32 47 kHz
tsu(l_3|)(3) LS| oscillator startup time - 15 40 ps
IDD(LS|)(3) LS| oscillator power consumption - 0.4 0.6 HA
1. Vpp =3V, Tp =40 to 105 °C unless otherwise specified.
Guaranteed by characterization.
Guaranteed by design.
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Figure 34. ACC, g, versus temperature
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5.3.10 PLL characteristics
The parameters given in Table 36 and Table 37 are derived from tests performed under
temperature and Vpp supply voltage conditions summarized in Table 14.
Table 36. Main PLL characteristics
Symbol Parameter Conditions Min Typ Max Unit
foLL IN PLL input clock(") - 0.95(2) 1 210 | MHz
feLL ouT PLL multiplier output clock - 24 - 168 MHz
48 MHz PLL multiplier output
fpLias OUT | giock P P - 48 75 MHz
fVCO_OUT PLL VCO output - 100 - 432 MHz
VCO freq = 100 MHz 75 - 200
t ock PLL lock time us
VCO freq = 432 MHz 100 - 300
Kys DoclD022152 Rev 7 103/201
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Table 36. Main PLL characteristics (continued)

Symbol Parameter Conditions Min Typ Max Unit
RMS - 25 -
Cycle-to-cycle jitter peak
to - +150 -
System clock peak
120 MHz RMS - 15 -
Period Jitter peak
Jitter(® ;)Oeak ) +200 ) ps
Main clock output (MCO) for Cycle to cycle at 50 MHz ) 32 )
RMII Ethernet on 1000 samples
Main clock output (MCO) for MIl | Cycle to cycle at 25 MHz ) 40 )
Ethernet on 1000 samples
Bit Time CAN jtter Cycle to cycle at 1 MHz . 330 -
on 1000 samples
VCO freq = 100 MHz 0.15 0.40
| @) pLL i VDD - A
DD(PLL) power consumption on VCO freq = 432 MHz 0.45 075 | ™
| 4) | PLL power consumption on VCO freq = 100 MHz 0.30 ) 0.40 mA
DDAPPLL) * | VDDA VCO freq = 432 MHz 0.55 0.85

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

Guaranteed by design.

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

Guaranteed by characterization.

Table 37. PLLI2S (audio PLL) characteristics

Symbol Parameter Conditions Min Typ Max Unit
foLLi2s N PLLI2S input clock(" - 0.95@) | 1 210 | MHz
fpLLI2S ouT PLLI2S multiplier output clock - - - 216 MHz
fyco out PLLI2S VCO output - 100 - 432 MHz

VCO freq = 100 MHz 75 - 200
t ock PLLI2S lock time us
VCO freq = 432 MHz 100 - 300
Cycle to cycle at RMS B 90 B
12.288 MH'z on peak
48KHz period, to - +280 - ps
N=432, R=5 peak
2 .
Master 1S clock jitter
L (3) Average frequency of
Jitter 12.288 MHz %
N=432,R=5 ) ; ps
on 1000 samples
Cycle t le at 48 KH
WS 12S clock jtter ycle fo cycle @ z ; 400 ; ps
on 1000 samples
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Table 37. PLLI2S (audio PLL) characteristics (continued)

Symbol Parameter Conditions Min Typ Max Unit
| (4) | PLLI2S power consumption on | VCO freq = 100 MHz 0.15 i 0.40 mA
DD(PLLIZS) ™ | Vpp VCO freq = 432 MHz 0.45 0.75

| (4) | PLLI2S power consumption on | VCO freq = 100 MHz 0.30 i 0.40 mA
DDAPLLIZS) ™| Vppa VCO freq = 432 MHz 0.55 0.85

Take care of using the appropriate division factor M to have the specified PLL input clock values.
Guaranteed by design.
Value given with main PLL running.

Bwnh o~

Guaranteed by characterization.

5.3.11 PLL spread spectrum clock generation (SSCG) characteristics

The spread spectrum clock generation (SSCG) feature allows to reduce electromagnetic
interferences (see Table 44: EMI characteristics). It is available only on the main PLL.

Table 38. SSCG parameters constraint

Symbol Parameter Min Typ | Max(" | uUnit

fMod Modulation frequency - - 10 KHz
md Peak modulation depth 0.25 - 2 %
MODEPER * INCSTEP - - 2151 -

1. Guaranteed by design.

Equation 1
The frequency modulation period (MODEPER) is given by the equation below:
MODEPER = round[fPLL_lN/(4food)]

foLL v @nd fyoq must be expressed in Hz.
As an example:

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

MODEPER = round[10%/(4 x 10%)] = 250

Equation 2

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

INCSTEP = round[((2"°=1) x md x PLLN)/(100 x 5 x MODEPER)]

fyco_out must be expressed in MHz.

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

INCSTEP = round[((215 —-1)x2x240)/(100 x 5 x 250)] = 126md(quantitazed)%

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:

md 4% = (MODEPER x INCSTEP x 100 x 5)/((2'° - 1) x PLLN)

quantize

As a result:

md 4% = (250 x 126 x 100 x 5)/((2'° - 1) x 240) = 2.002%(peak)

quantize

Figure 35 and Figure 36 show the main PLL output clock waveforms in center spread and
down spread modes, where:

FO is fp oyt nominal.
Tmode I8 the modulation period.
md is the modulation depth.

Figure 35. PLL output clock waveforms in center spread mode
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Figure 36. PLL output clock waveforms in down spread mode
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5.3.12 Memory characteristics

Flash memory
The characteristics are given at Ty = —40 to 105 °C unless otherwise specified.

The devices are shipped to customers with the Flash memory erased.

Table 39. Flash memory characteristics

Symbol Parameter Conditions Min Typ Max Unit
Write / Erase 8-bit mode, Vpp = 1.8 V - 5 -

Ipp Supply current Write / Erase 16-bit mode, Vpp =2.1V - 8 - mA
Write / Erase 32-bit mode, Vpp =3.3 V - 12 -

Table 40. Flash memory programming

Symbol Parameter Conditions MinM | Typ |Max(™ | Unit

torog Word programming time (F’;ggl;éelxzr;/:e;a;z%jl;”elism - 16 | 100 | ps
?ng?éaEr;/f;a;e parallelism ) 400 800

teraseteks | Sector (16 KB) erase time gg?éaE';": e parallelism | | 300 | 600 | ms
(F’F:ggl;éaEr;/ze;agg parallelism ) 250 500
?ng?éaEr;/f;a;e parallelism ) 1200 | 2400

terasesaks | Sector (64 KB) erase time gg?éaE';": e parallelism | 1 700 | 1400 | ms
(F’F:ggl;éaEr;/ze;agg parallelism ) 550 | 1100

G DoclD022152 Rev 7 107/201




Electrical characteristics

STM32F405xx, STM32F407xx

108/201

Table 40. Flash memory programming (continued)

Symbol Parameter Conditions Min( | Typ |Max(" | Unit
Program/erase parallelism ) 2 4
(PSIZE) =x 8
terasE128KE | Sector (128 KB) erase time (F)F[g?;é’;‘/: e;afg paralielism | 1 413 | 26 | s
Program/erase parallelism ) 1 2
(PSIZE) = x 32
Program/erase parallelism
(PSIZE)=x8 ) 16 32
tvE Mass erase time E;g?é%r;l/:e;a?g parallelism - 11 22 s
Program/erase parallelism ) 8 16
(PSIZE) = x 32
32-bit program operation 2.7 - 3.6 \%
Vorog Programming voltage 16-bit program operation 2.1 - 3.6 \%
8-bit program operation 1.8 - 3.6 \%
1. Guaranteed by characterization.
2. The maximum programming time is measured after 100K erase operations.
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Table 41. Flash memory programming with Vpp

Symbol Parameter Conditions Min(" Typ Max(!) | Unit
torog Double word programming - 16 100@) | us
terase1ekp | Sector (16 KB) erase time T =0to +40 °C - 230 -
tERASE64KB Sector (64 KB) erase time VDD =33V - 490 - ms
terasE128kB | Sector (128 KB) erase time Vep=8.5V - 875 -
tve Mass erase time - 6.9 - ]
Vorog Programming voltage - 2.7 - 3.6 \%
Vpp Vpp voltage range - 7 - 9 \Y
Minimum current sunk on
lpp the Vpp pin ) 10 i i mA
3) Cumulative time during _ ) i
tvep which Vpp is applied 1| hour
1. Guaranteed by design.
2. The maximum programming time is measured after 100K erase operations.
3. Vpp should only be connected during programming/erasing.
Table 42. Flash memory endurance and data retention
Value
Symbol Parameter Conditions Unit
Min("
Tp =—40 to +85 °C (6 suffix versions)
N Endurance kecycles
END T = —40 to +105 °C (7 suffix versions) 10 y
1 keycle!®) at T, = 85 °C 30
trer | Data retention |1 kcycle® at T = 105 °C 10 Years
10 keycles® at T, = 55 °C 20

1. Guaranteed by characterization.

2. Cycling performed over the whole temperature range.

EMC characteristics

Susceptibility tests are performed on a sample basis during device characterization.

Functional EMS (electromagnetic susceptibility)

While a simple application is executed on the device (toggling 2 LEDs through 1/O ports).
the device is stressed by two electromagnetic events until a failure occurs. The failure is

indicated by

the LEDs:

¢ Electrostatic discharge (ESD) (positive and negative) is applied to all device pins until
a functional disturbance occurs. This test is compliant with the IEC 61000-4-2 standard.

e FTB: A burst of fast transient voltage (positive and negative) is applied to Vpp and Vgg
through a 100 pF capacitor, until a functional disturbance occurs. This test is compliant
with the IEC 61000-4-4 standard.
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A device reset allows normal operations to be resumed.

The test results are given in Table 43. They are based on the EMS levels and classes
defined in application note AN1709.

Table 43. EMS characteristics

Symbol Parameter Conditions Level/
Class

Voltage limits to be applied on any I/O pin to VDD:?'S V, LQFP176, Tp = +25°C,

VFESD  |induce a functional disturbance fcLk = 168 MHz, conforms to 2B

IEC 61000-4-2

Fast transient voltage burst limits to be Vpp =3.3V, LQFP176, Ty =

Verrg | applied through 100 pF on Vpp and Vgg +25 °C, fycLk = 168 MHz, conforms | 4A
pins to induce a functional disturbance to IEC 61000-4-2

Designing hardened software to avoid noise problems

EMC characterization and optimization are performed at component level with a typical
application environment and simplified MCU software. It should be noted that good EMC
performance is highly dependent on the user application and the software in particular.

Therefore it is recommended that the user applies EMC software optimization and
prequalification tests in relation with the EMC level requested for his application.

Software recommendations

The software flowchart must include the management of runaway conditions such as:
e  Corrupted program counter

e Unexpected reset

e  Critical Data corruption (control registers...)

Prequalification trials

Most of the common failures (unexpected reset and program counter corruption) can be
reproduced by manually forcing a low state on the NRST pin or the Oscillator pins for 1
second.

To complete these trials, ESD stress can be applied directly on the device, over the range of
specification values. When unexpected behavior is detected, the software can be hardened
to prevent unrecoverable errors occurring (see application note AN1015).
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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.

Table 44. EMI characteristics

Max vs.
Symbol | Parameter Conditions . Monitored [fuselferul | ynit
requency band
25/168 MHz

0.1 to 30 MHz 32
Vpp=3.3V, Ty =25°C, LQFP176
package, conforming to SAE J1752/3 30 to 130 MHz 25 dBpv
EEMBC, code running from Flash with 130 MHz to 1GHz 29
ART accelerator enabled

SAE EMI Level 4 -

Semi Peak level

Vpp=3.3V, To=25 °C, LQFP176 0.110 30 MHz 19
package, conforming to SAE J1752/3 30 to 130 MHz 16 dBuVv
EEMBC, code running from Flash with
ART accelerator and PLL spread 130 MHz to 1GHz 18
spectrum enabled SAE EMI level 35 _

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 x (n+1) supply pins). This test
conforms to the JESD22-A114/C101 standard.

Table 45. ESD absolute maximum ratings

Symbol Ratings Conditions Class Mvaa):::(l:;n Unit
Electrostatic discharge
VespHem) | voltage (human body Ta = +25 °C conforming to JESD22-A114 | 2 2000?)
model)
El disch Y
ectrostatic discharge B o ,
\Y voltage (charge device Ta=+25 °C conforming to Il 500
ESD(COM) model) ANSI/ESD STM5.3.1

1. Guaranteed by characterization.

2. On VBAT pin, VESD(HBM) is limited to 1000 V.

2
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Static latchup

Two complementary static tests are required on six parts to assess the latchup
performance:

e A supply overvoltage is applied to each power supply pin

e A current injection is applied to each input, output and configurable 1/O pin

These tests are compliant with EIA/JESD 78A IC latchup standard.

Table 46. Electrical sensitivities

Symbol

Parameter Conditions Class

LU

Static latch-up class Tp=+105 °C conforming to JESD78A Il level A

5.3.15

112/201

I/0 current injection characteristics

As a general rule, current injection to the I/O pins, due to external voltage below Vgg or
above Vpp (for standard, 3 V-capable I/O pins) should be avoided during normal product
operation. However, in order to give an indication of the robustness of the microcontroller in
cases when abnormal injection accidentally happens, susceptibility tests are performed on a
sample basis during device characterization.

Functional susceptibilty to I/O current injection

While a simple application is executed on the device, the device is stressed by injecting
current into the 1/O pins programmed in floating input mode. While current is injected into
the 1/O pin, one at a time, the device is checked for functional failures.

The failure is indicated by an out of range parameter: ADC error above a certain limit (>5
LSB TUE), out of conventional limits of induced leakage current on adjacent pins (out of
5 pA/+0 pA range), or other functional failure (for example reset, oscillator frequency
deviation).

Negative induced leakage current is caused by negative injection and positive induced
leakage current by positive injection.

The test results are given in Table 47.
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Table 47. 1/0 current injection susceptibility

Functional susceptibility
Symbol Description Negative Positive Unit
injection injection
Injected current on BOOTO pin -0 NA
Injected current on NRST pin -0 NA
Injected current on PE2, PES3, PE4, PE5, PE6,
PI8, PC13, PC14, PC15, P19, PI10, PI11, PFO,
o (D PF1, PF2, PF3, PF4, PF5, PF10, PHO/OSC_IN, —0 NA mA
INJ PH1/0SC_OUT, PCO, PC1, PC2, PC3, PBS,
PB7, PB8, PB9, PEO, PE1, PI4, PI5, PI6, PI7,
PDR_ON, BYPASS_REG
Injected current on all FT pins -5 NA
Injected current on any other pin -5 +5

1. Itis recommended to add a Schottky diode (pin to ground) to analog pins which may potentially inject negative currents.

5.3.16 /0 port characteristics
General input/output characteristics
Unless otherwise specified, the parameters given in Table 48 are derived from tests
performed under the conditions summarized in Table 14. All I/Os are CMOS and TTL
compliant.
Table 48. 1/O static characteristics
Symbol Parameter Conditions Min Typ Max Unit
: - - 0.3Vpp-0.04(")
ll:\l;,eTIilfandeNRST I/O input low 17V <Vpp<36V DD =
g - - 0.3Vpp
el |
. . o < < o
BOOTO I/O input low level A O.1VDD-+O.‘I(1)
voltage 1.7V<Vpp<3.6V
0°C<Tp<105°C i i y
- 0.45Vpp+0.3(") - -
ll:\l;,e':"\l;iltaandeNRST I/O input low 17V<Vpp<36V DD -
9 0.7Vpp - -
Vi 1.75V<Vpp<3.6 V
; -40 °C<Tp <105 °C
BOOTO I/O input low level A 0-17VDD+0-7(1)
voltage 1.7V <Vpp<3.6V
0°C<To<105 °C i i
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Table 48. 1/0 static characteristics (continued)

Symbol Parameter Conditions Min Typ Max Unit
FT, TTa and NRST I/O input o 3) _ )
hysteresis 1.7V<Vpp<36V 10%Vpp
v 1.75V<Vpp<3.6V v
HYS -40 °C< T <105 °C
BOOTO I/O input hysteresis 0.1 - -
1.7V<Vpp<36V
0°C<Ta<105°C
/O input leakage current ) Vgs<ViN<Vpp - - +1
lik HA
9 /O FT input leakage current (®) Viy=5V - - 3
All pins
except for
PAtand Vin = Vs 30 40 50
Weak pull-up | (OTG_FS_ID,
Rpy |equivalent OTG_HS_ID)
resistor(6)
PA10 and
PB12
(OTG_FS_ID, - 7 10 14 kQ
OTG_HS_ID)
All pins
except for
Weak pull-down | pA10 and Vin=Vbb 30 40 50
Rpp |equivalent PB12
resistor(”) 1
PA10 and
PB12 - 7 10 14
(8) 110 pin _ _
Cio capacitance 5 PF
1. Guaranteed by design.
2. Tested in production.
3.  With a minimum of 200 mV.
4. Leakage could be higher than the maximum value, if negative current is injected on adjacent pins.Refer to Table 47: /0

current injection susceptibility

5. To sustain a voltage higher than Vpp + 0.3 V, the internal pull-up/pull-down resistors must be disabled. Leakage could be

higher than the maximum value, if negative current is injected on adjacent pins. Refer to Table 47: I/O current injection

susceptibility.

6. Pull-up and pull-down resistors are designed with a true resistance in series with a switchable PMOS. This PMOS
contribution to the series resistance is minimum (~10% order).

7. Pull-up and pull-down resistors are designed with a true resistance in series with a switchable NMOS. This NMOS
contribution to the series resistance is minimum (~10% order).

8. Hysteresis voltage between Schmitt trigger switching levels. Guaranteed by characterization.

114/201

All I/Os are CMOS and TTL compliant (no software configuration required). Their
characteristics cover more than the strict CMOS-technology or TTL parameters.
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Output driving current

The GPIOs (general purpose input/outputs) can sink or source up to +8 mA, and sink or
source up to £20 mA (with a relaxed Vg /Vop) except PC13, PC14 and PC15 which can
sink or source up to £3mA. When using the PC13 to PC15 GPIOs in output mode, the
speed should not exceed 2 MHz with a maximum load of 30 pF.

In the user application, the number of I/O pins which can drive current must be limited to
respect the absolute maximum rating specified in Section 5.2. In particular:

e The sum of the currents sourced by all the I/Os on Vpp plus the maximum Run
consumption of the MCU sourced on Vpp cannot exceed the absolute maximum rating
lvpp (see Table 12).

e The sum of the currents sunk by all the 1/Os on Vgg plus the maximum Run
consumption of the MCU sunk on Vgg cannot exceed the absolute maximum rating
lyss (see Table 12).

Output voltage levels

Unless otherwise specified, the parameters given in Table 49 are derived from tests
performed under ambient temperature and Vpp supply voltage conditions summarized in
Table 14. All I/Os are CMOS and TTL compliant.

Table 49. Output voltage characteristics("

Symbol Parameter Conditions Min Max | Unit
VoL® | Output low level voltage CMOS port - 0.4
) . llo=+8 mA \Y
VoH Output high level voltage 27V <Vpp <36V Vpp—0.4 -
VoL @ Output low level voltage TTL port - 0.4
3) . I|O =+ 8mA \Y
VoH Output high level voltage 27V <Vpp <36V 24 -
VOL(Z)(“) Output low level voltage lio = +20 mA - 1.3 v
Vor®™@ | Output high level voltage 27V<Vpp<36V|vyy-13 -
VOL(Z)(4) Output low level voltage lio = +6 mA - 0.4 v
Vor®™@ | Output high level voltage 2V<Vpp<27V | vpp-0.4 -

1. 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).

2. The ljg current sunk by the device must always respect the absolute maximum rating specified in Table 12
and the sum of I, (I/0 ports and control pins) must not exceed lyss.

3. The lp current sourced by the device must always respect the absolute maximum rating specified in
Table 12 and the sum of I, (1/O ports and control pins) must not exceed lypp.

4. Guaranteed by characterization.

2

DoclD022152 Rev 7 115/201




Electrical characteristics STM32F405xx, STM32F407xx

Input/output AC characteristics

The definition and values of input/output AC characteristics are given in Figure 37 and
Table 50, respectively.

Unless otherwise specified, the parameters given in Table 50 are derived from tests
performed under the ambient temperature and Vpp supply voltage conditions summarized

in Table 14.
Table 50. I/0 AC characteristics(1(?)
OSPEEDRYy
[1:0] bit Symbol Parameter Conditions Min | Typ | Max | Unit
value(?
CL =50 pF, Vpp »2.70 V - - 4
C_ =50 pF, Vpp» 1.8V - - 2
fmax(o)out |Maximum frequency'®) - bb> MHz
CL =10 pF, Vpp»2.70 V - - 8
00 C_ =10 pF, Vpp» 1.8V - - 4
Output high to low level fall _ _
ttf('o)"”t/ time and output low to high g%-vso PF, Vpp=18 Vo - - 100 | ns
r(I0)out jevel rise time '
CL =50 pF, Vpp »2.70 V - - 25
C_ =50 pF, V, 1.8V - - 12.5
fmax(o)out |Maximum frequency'®) = bb> MHz
C_ =10 pF, Vpp»2.70 V - - | 504
o CL =10 pF, Vpp» 1.8V - - 20
CL =50 pF, Vpp >2.7 V - - 10
Output high to low level fall C_ =50 pF, Vpp > 1.8V - - 20
ttf('o)o‘“/ time and output low to high = Pb ns
r(10)out | |avel rise time CL=10pF, Vpp>2.70V - - 6
C_=10 pF, Vpp» 1.8V - - 10
C_ =40 pF, Vpp>2.70 V - - | 504
f T o CL =40 pF, Vpp» 1.8V - - 2 |
aximum frequency z
max(iOlout CL= 10 pF, Vpp »2.70 V. - |- ] 100@
0 C_=10pF, Vpp>1.8V - - | 504
CL =40 pF, Vpp »2.70 V - - 6
Output high to low level fall C_ =40 pF, V. 1.8V - - 10
ttf('o)o‘“/ time and output low to high = o> ns
r(I0)out  ||avel rise time C_=10pF, Vpp>2.70V - - 4
CL =10 pF, Vpp» 1.8V - - 6
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Table 50. I/O AC characteristics(1(2) (continued)

OSPEEDRY
[1:0] bit Symbol Parameter Conditions Min | Typ | Max | Unit
value(?
C_ =30 pF, Vpp»2.70 V - - | 100®)
- " . . C_ =30 pF, Vpp>1.8V - - | 50%) i
aximum frequency z
max(OJout C_ =10 pF, Vpp»2.70 V - |- [ 180@
y C_=10pF, Vpp>1.8V - - | 100%)
CL= 30 pF, VDD>2'7OV - - 4
Output high to low level fall  |c, =30 pF, v 1.8V - - 6
ttf('o)"”t/ time and output low to high L o> ns
r(I0)out | |evel rise time C_=10pF, Vpp>2.70 V - - 25
C_=10pF, Vpp>18V - - 4
Pulse width of external signals
- texTipw |detected by the EXTI 10 - - ns
controller

1. Guaranteed by characterization.

2. The I/O speed is configured using the OSPEEDRYy[1:0] bits. Refer to the STM32F4xx reference manual for a description of
the GPIOx_SPEEDR GPIO port output speed register.

The maximum frequency is defined in Figure 37.

4. For maximum frequencies above 50 MHz, the compensation cell should be used.

Figure 37. 1/0 AC characteristics definition

90% 10%

| 1
EXTERNAL tiojout  +E——— >t oot |
OUTPUT I I
ON CL < T >

Maximum frequency is achieved if (t, + t) < (2/3)T and if the duty cycle is (45-55%)
when loaded by CL specified in the table “ I/O AC characteristics”.

ai14131d
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NRST pin characteristics

The NRST pin input driver uses CMOS technology. It is connected to a permanent pull-up
resistor, Rp (see Table 48).

Unless otherwise specified, the parameters given in Table 51 are derived from tests
performed under the ambient temperature and Vpp supply voltage conditions summarized
in Table 14.

Table 51. NRST pin characteristics

Symbol Parameter Conditions Min Typ Max Unit
V”_(NRST)“) NRST Input low level voltage TTL ports - - 0.8
1 27V <Vpp
VinnrsT)" |NRST Input high level voltage <36V 2 - -
\
ViLnrsT)!? | NRST Input low level voltage CMOS ports - - | 0.3Vpp
1.8V <Vpp
VinnrsT) " | NRST Input high level voltage <36V | 07Vpp | - -
NRST Schmitt trigger voltage
Vhys(NRST) hysteresis - - 200 - mvV
Rpy Weak pull-up equivalent resistor(®) ViN=Vss 30 40 50 kQ
VF(NRST)“) NRST Input filtered pulse - - 100 ns
VnenrsT) Y |NRST Input not filtered pulse Vpp >2.7V | 300 - - ns
TnrRsT out | Generated reset pulse duration Relsr;tte;rc])ilrce 20 - - us

1. Guaranteed by design.

2. 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).

Figure 38. Recommended NRST pin protection

VDD
External

reset circuit (1)
LT T _ NRST@ RPU Internal Reset
’ Fiter f———%»

STM32F

ai14132c

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 V) (yrsT) max level specified in
Table 51. Otherwise the reset is not taken into account by the device.

3
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5.3.18

3

TIM timer characteristics

The parameters given in Table 52 and Table 53 are guaranteed by design.

Refer to Section 5.3.16: I/O port characteristics for details on the input/output alternate
function characteristics (output compare, input capture, external clock, PWM output).

Table 52. Characteristics of TIMx connected to the APB1 domain(")

Symbol Parameter Conditions Min Max Unit
AHB/APB1 1 - triMxcLK
prescaler distinct
from 1, frimxclk = | 11.9 - ns

tres(rivy | Timer resolution time 84 MHz
AHB/APB1 1 - triMxcLK
prescaler =1,
frimcLk = 42 MHz | 238 i ns

¢ Timer external clock 0 frimxcLk/2 MHz
EXT frequency on CH1 to CH4 0 42 MHz
ResTim Timer resolution - 16/32 bit
16-bit counter clock 1 65536 tTIMxCLK
period when internal clock —
tcOUNTER APB1= 42 MHz
32-bit counter clock 1 - tTIMxCLK
period when internal clock
is selected 0.0119 51130563 Ms
- 65536 x 65536 tTlMXCLK
tmax_counT | Maximum possible count 511 s

1. TIMx is used as a general term to refer to the TIM2, TIM3, TIM4, TIM5, TIM6, TIM7, and TIM12 timers.
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Table 53. Characteristics of TIMx connected to the APB2 domain(")

Symbol Parameter Conditions Min Max Unit
AHB/APB2 1 - tHrIMxCLK
prescaler distinct
from 1, frimxcLk = 5.95 - ns

tres(rivy | Timer resolution time 168 MHz
AHB/APB2 1 - trIMxCLK
prescaler = 1,
frivwcLk = 84 MHz | 11.9 - ns

Timer external clock 0 friMxcLk/2 MHz
fexr frequency on CH1 to
CH4 0 84 MHz
Restim Timer resolution FrimxcLi = - 16 bit
168 MHz
16-pit counte'r clock APB2 = 84 MHz
tcounTeER | Period when internal 1 65536 tTIMxCLK
clock is selected
tMAX_COUNT Maximum possible count - 32768 tTlMXCLK

1. TIMxis used as a general term to refer to the TIM1, TIM8, TIM9, TIM10, and TIM11 timers.

Communications interfaces

I°C interface characteristics

The I°C interface meets the timings requirements of the 1°C-bus specification and user
manual rev. 03 for:

e  Standard-mode (Sm): with a bit rate up to 100 kbit/s
e  Fast-mode (Fm): with a bit rate up to 400 kbit/s.

The I°C timings requirements are guaranteed by design when the 12C peripheral is properly
configured (refer to RM0090 reference manual).

The SDA and SCL 1I/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 Vpp is disabled, but is still present. Refer to

Section 5.3.16: 1/O port characteristics for more details on the I2C 1/0O characteristics.

All 1>C SDA and SCL I/0s embed an analog filter. Refer to the table below for the analog
filter characteristics:

Table 54. 12C analog filter characteristics(!)

Symbol Parameter Min Max Unit
Maximum pulse width of spikes
taF that are suppressed by the analog 50 2600 ns

filter

1. Guaranteed by design.

2. Spikes with widths below tar(min) are filtered.

3. Spikes with widths above tar(max) are not filtered

DoclD022152 Rev 7 1S7;
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SPIl interface characteristics

Unless otherwise specified, the parameters given in Table 55 for SPI are derived from tests
performed under the ambient temperature, fpc| kx frequency and Vpp supply voltage
conditions summarized in Table 14 with the following configuration:

e  Output speed is set to OSPEEDRYy[1:0] = 10
e Capacitive load C = 30 pF
e Measurement points are done at CMOS levels: 0.5 Vpp

Refer to Section 5.3.16: I/O port characteristics for more details on the input/output alternate
function characteristics (NSS, SCK, MOSI, MISO).

Table 55. SPI dynamic characteristics(!)

Symbol Parameter Conditions Min Typ Max Unit
Master mode, SPI1, 42
2.7V <Vpp < 3.6V
fsck - -
Slave mode, SPI1, 42
2.7V <Vpp < 3.6V
SPI clock frequency MHz
Master mode, SPI1/2/3, 21
1.7V <Vpp < 3.6V
1te(sck) - -
Slave mode, SPI1/2/3, 21
1.7V < Vpp < 3.6V
Duty(SCK) | DUl oyele of SPlclock 51 e mode 30 50 70 %
frequency
"’ DoclD022152 Rev 7 121/201




Electrical characteristics

STM32F405xx, STM32F407xx

Table 55. SPI dynamic characteristics() (continued)

Symbol Parameter Conditions Min Typ Max Unit
Master mode, SPI presc = 2,
tw(scKH) 2.7V < Vpp < 3.6Vp Trcik-0-5| Teeik | TreLk*0-5
SCK high and low time v o SPI 5
aster mode, resc =2,
tw(sckL) 1.7V < Vpp < 3_6Vp Trck-2 | Teewk | TroLkt2
tsuNss) NSS setup time Slave mode, SPI presc = 2 4 X TpeLk
thinss) NSS hold time Slave mode, SPI presc = 2 2 X TpcLk
tsumi Master mode 6.5 - -
suMl) Data input setup time
tsu(s)) Slave mode 25 - -
thowiry Master mode 25 - -
Data input hold time
th(siy Slave mode 4 - -
ta(so)(z) Data output access time Slave mode, SPI presc = 2 0 - 4 X TpcLk
Slave mode, SPI1, 0 ) 75
2.7V <Vpp < 3.6V
tdis(SO)(3) Data output disable time
Slave mode, SPI1/2/3 0 ) 16.5 ns
1.7V < Vpp < 3.6V ’
Slave mode (after enable edge), ) 1 13
SPI1, 2.7V < Vpp < 3.6V
¢ Slave mode (after enable edge), ) 12 165
v(SO) SPI2/3, 2.7V < Vpp < 3.6V ’
Data output valid/hold time S de (@t ble 6d99)
ave mode (after enable edge),
th(so) SPI1, 1.7V < Vpp < 3.6V ) 155 19
Slave mode (after enable edge), ) 18 20.5
SPI2/3, 1.7V < Vpp < 3.6V ’
Master mode (after enable edge), ) ) 25
SPI1, 2.7V < Vpp < 3.6V ’
tymo) Data output valid time
Master mode (after enable edge), ) ) 45
SPI1/2/3, 1.7V < Vpp < 3.6V ’
thavo) Data output hold time Master mode (after enable edge) 0 - -

1. Guaranteed by characterization.

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.

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.
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Figure 39. SPI timing diagram - slave mode and CPHA =0

NSS input \ /l
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5 CPHA=0 | tw(SCKL) ! " ! " ! !
» |cPoL=1 ._\:_u/—\_ ﬂ_/ .
1
: : : - ( : \ :
| ! tv(so) re— th(SO) le—pi pliq [(SCK) tdis(SO) —t—pi
ta(sO) ~¢—» X : : - tf(SCK) :
1 I -
MISO .,
o —( |}_Wss ou X BIT6 OUT X LSB OUT )._
tsu(sl) —>.—:4|—
1
MOSI ; o
INPUT X ' MSB IN X BIT1IN X LSBIN X
:<—th(SI) —»:
ai14134c
Figure 40. SPI timing diagram - slave mode and CPHA =1
NSS input \ . f:
tSU(NSS>‘:<—>E «—— tosCK——> th(NSS) T+
é‘_ ! | . ./ I\' '
< . \ b !
N I I I : I
@) ! . - h '
n f I

t
! (.

MISO J \ !

tsu(SI) —e———> le— th(s))—

MOS| X MSB IN X BIT-1- IN X LSB IN X
INPUT ;

E tv(SO) > th(SO) -:<—>- r(gg:’%;:.:q_ tdiS(SO)—:<—>:

ai14135
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Figure 41. SPI timing diagram - master mode
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NSS input
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I2S interface characteristics

Unless otherwise specified, the parameters given in Table 56 for the %S interface are
derived from tests performed under the ambient temperature, fpoc kx frequency and Vpp
supply voltage conditions summarized in Table 14, with the following configuration:

e  Output speed is set to OSPEEDRYy[1:0] = 10

e Capacitive load C = 30 pF

e  Measurement points are done at CMOS levels: 0.5 Vpp

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

function characteristics (CK, SD, WS).

Table 56. I2S dynamic characteristics(!)

Symbol Parameter Conditions Min Max Unit
fmck I°S main clock output - ngKX 256 x FS(Z) MHz
Master data: 32 bits - 64 x Fg
fox IS clock frequency MHz
Slave data: 32 bits - 64 x Fg

Dck 1S clock frequency duty cycle | Slave receiver 30 70 %
tyws) WS valid time Master mode 0 6
thws) WS hold time Master mode 0 -
tsuws) WS setup time Slave mode 1 -
thws) WS hold time Slave mode 0 -
tsu(sb MR Master receiver 7.5 -

Su(SD_MR) Data input setup time .
tsusb_sRr) Slave receiver 2 - ns
th(sD MR Master receiver 0 -

(SD_MR) Data input hold time
th(sp_sR) Slave receiver 0 -
tv(sp_sT) Slave transmitter (after enable edge) - 27
th(sp_sT) | Data output valid time
tysp_mT) Master transmitter (after enable edge) - 20
thsp_mT) | Data output hold time Master transmitter (after enable edge) 25 -

1. Guaranteed by characterization.

2. The maximum value of 256 x Fg is 42 MHz (APB1 maximum frequency).

Note:

3

Refer to the IS section of RM0090 reference manual for more details on the sampling
frequency (Fs). fyck, fox, and Doy values reflect only the digital peripheral behavior. The
value of these parameters might be slightly impacted by the source clock accuracy. Dok
depends mainly on the value of ODD bit. The digital contribution leads to a minimum value
of 12SDIV / (2 x 12SDIV + ODD) and a maximum value of (I2SDIV + ODD) / (2 x 12SDIV +
ODD). Fs maximum value is supported for each mode/condition.
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Figure 42. I?S slave timing diagram (Philips protocol)

<+ to(ck)—>!

CK Input

! le»tty(SD_ST)  |es-th(SD_ST)
SDtransmit X LSB transmit(Z)X MSB transmit Bitn transmit Y LSB transmit

tsu(SD_SRY) ' Lth(SD_SR)
SDreceive X LSB receive(2) MSB receive Bitn reic:ai:/? ) x LSB receive

tw(CKH)—v‘—>N—’|" tw(CKL): re-th(ws)
WS input ] ! | I | L
tsu(ws) E

ai14881b

1. LSB transmit/receive of the previously transmitted byte. No LSB transmit/receive is sent before the first
byte.

Figure 43. I2S master timing diagram (Philips protocol)(")

— te(CK)—>

) .
2| croL=0 _\\_/_
> 1
o 1
X 1
O -\
CPOL =1
tvws > tw(CKL) e thws)
WS output | '
! - -
1

ty(SD_MT) th(SD_MT)
SDtransmit X LSB transmit 2)X MSBtransmn Bitn transmit LSB transmit

tsu(SD_MR th(SD_MR)
SDreceive X LSB receive(?) MSB receive Bitn receive LSB receive

ai14884b

1. Guaranteed by characterization.

2. LSB transmit/receive of the previously transmitted byte. No LSB transmit/receive is sent before the first
byte.

3
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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
tstartupt" USB OTG FS transceiver startup time 1 V]
1. Guaranteed by design.
Table 58. USB OTG FS DC electrical characteristics
Symbol Parameter Conditions Min.( Typ. Max.( | Unit
Voo USB OTG FS operating ) 30@) ) 36 Vv
voltage
@) | ni . L I(USB_FS_DP/DM, ) )
Input Vp) Differential input sensitivity USB_HS_DP/DM) 0.2
levels i ;
VCM(3) Differential common mode Includes Vp, range 08 ) 25 Vv
range
@) | Single ended receiver ) )
Vse™ |threshold 13 2.0
Output | VoL |Static output level low R of 1.5kQto3.6 VW | - ol B Y
levels | v, |Static output level high R of15kQtoVgs® | 28 | - | 3.6
PA11, PA12, PB14, PB15
(USB_FS_DP/DM, 17 21 24
USB_HS_DP/DM)
R ViN=V
Fo PA9, PB13 N TeD
(OTG_FS_VBUS, 0.65 | 1.1 2.0
OTG_HS_VBUS) KO
PA12, PB15 (USB_FS_DP, _
USB_HS_DP) VN = Vss 1.5 1.8 2.1
Rpu PA9, PB13
(OTG_FS_VBUS, VN = Vss 0.25 | 0.37| 0.55

OTG_HS_VBUS)

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

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 Vpp voltage range.

Guaranteed by design.
R is the load connected on the USB OTG FS drivers
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Figure 44. USB OTG FS timings: definition of data signal rise and fall time

Cross over
points
Differential
data lines / ‘\
)
e X X X
)
Vss '
tr -H—.<— tr Pr—la-
ai14137b
Table 59. USB OTG FS electrical characteristics(!
Driver characteristics
Symbol Parameter Conditions Min Max Unit
t, Rise time®) C_ =50 pF 4 20 ns
t Fall time(® C_ =50 pF 4 20 ns
trfm Rise/ fall time matching o/t 90 110 %
Vcrs | Output signal crossover voltage - 1.3 2.0 \

Guaranteed by design.

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

USB HS characteristics

Unless otherwise specified, the parameters given in Table 62 for ULPI are derived from
tests performed under the ambient temperature, fc| k frequency summarized in Table 61
and Vpp supply voltage conditions summarized in Table 60, with the following configuration:

e  Output speed is set to OSPEEDRy[1:0] = 10
e Capacitive load C = 30 pF
e  Measurement points are done at CMOS levels: 0.5Vpp.

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

Table 60. USB HS DC electrical characteristics
Symbol Parameter Min.V) | Max.() | unit

Input level Vpp |USB OTG HS operating voltage 2.7 3.6 \

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

Table 61. USB HS clock timing parametersm

Parameter Symbol Min Nominal | Max Unit
fucLk value to guarantee proper operation of
USB HS interface i 30 i ) MHz
Frequency (first transition) 8-bit +10% FsTART sBIT 54 60 66 MHz

3
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Table 61. USB HS clock timing parameters(?)

Parameter Symbol Min Nominal | Max Unit
Frequency (steady state) £+500 ppm FsteaDY 59.97 60 60.03 | MHz
Duty cycle (first transition) 8-bit £10% DsTART 8BIT 40 50 60 %
Duty cycle (steady state) £500 ppm DsTeaDY 49.975 50 50.025 %
Time to reach the steady state frequency and T ) ) 14 ms
duty cycle after the first transition STEADY '
Clock startup time after the | Peripheral | Tsart pev - - 5.6
de-assertion of SuspendM ms
Host TSTART_HOST - - -
PHY preparation time after the first transition T _ ) ) s
of the input clock PREP M
1. Guaranteed by design.
Table 62. ULPI timing
Value(?
Parameter Symbol Unit
Min. Max.
Control in (ULPI_DIR) setup time - 20
tsc
Control in (ULPI_NXT) setup time - 1.5
Control in (ULPI_DIR, ULPI_NXT) hold time the 0 -
Data in setup time tsp - 2.0 ns
Data in hold time thp 0 -
Control out (ULPI_STP) setup time and hold time toc - 9.2
Data out available from clock rising edge top - 10.7
1. Vpp=2.7Vt03.6Vand T =-40to 85 °C.
Figure 45. ULPI timing diagram
S B [
t > HC
Control In sc / 1
(ULPI_DIR, [
ULPI_NXT) SD » THD
data In \( *
(8-bit) /
t tpe
Control out DC
(ULPI_STP)
d =
ata out
(8-bit) X
ai17361c
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Ethernet characteristics

Unless otherwise specified, the parameters given in Table 64, Table 65 and Table 66 for
SMI, RMII and MII are derived from tests performed under the ambient temperature, fyc
frequency summarized in Table 14 and VDD supply voltage conditions summarized in
Table 63, with the following configuration:

e  Output speed is set to OSPEEDRYy[1:0] = 10
e Capacitive load C = 30 pF
e  Measurement points are done at CMOS levels: 0.5Vpp.

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

characteristics.
Table 63. Ethernet DC electrical characteristics
Symbol Parameter Min.(") Max.(!) Unit
Input level Vpp Ethernet operating voltage 27 3.6 \Y

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

Table 64 gives the list of Ethernet MAC signals for the SMI (station management interface)
and Figure 46 shows the corresponding timing diagram.

Figure 46. Ethernet SMI timing diagram

tMDC———p
ETH_MDC —\
td(MDIO)
ETH_MDIO(O) ><
tsu(MDIO) th(MDIO)
ETH_MDIO(I) 1 W

MS31384V1

Table 64. Dynamic characteristics: Eternity MAC signals for SMI(")

Symbol Parameter Min Typ Max Unit
tmpe MDC cycle time(2.38 MHz) 411 420 425
Tympioy | Write data valid time 6 10 13 s
tsumpio) | Read data setup time 12 - -
th(MDIO) Read data hold time 0 - -

1. Guaranteed by characterization.

Table 65 gives the list of Ethernet MAC signals for the RMII and Figure 47 shows the

corresponding timing diagram.

130/201
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Figure 47. Ethernet RMII timing diagram

RMI_REF_CLK [ \ / \
t4(TXEN
t4(TXD)
RMI_TX_EN X
RMII_TXD[1:0]
tsu(RXD tih(RXD)

tsu(CRS) tih(CRS)
RMII_RXD[1:0]
v
RMII_CRS_D

ai15667
Table 65. Dynamic characteristics: Ethernet MAC signals for RMII
Symbol Rating Min Typ Max Unit
tsu(RxD) Receive data setup time 2 - - ns
tin(RxD) Receive data hold time 1 - - ns
tsu(crs) Carrier sense set-up time 0.5 - - ns
tin(crs) Carrier sense hold time 2 - - ns
taTxeN) Transmit enable valid delay time 8 9.5 1 ns
tyTxp) Transmit data valid delay time 8.5 10 1.5 ns

Table 66 gives the list of Ethernet MAC signals for MIl and Figure 47 shows the
corresponding timing diagram.

Figure 48. Ethernet Mil timing diagram

MII_RX_CLK \ / \
tsu(RXD) tin(RXD)
:su(ER) Iih(ER)
MIl_RXDI[3:0] —=2Y) h(Ov)
MII_RX_DV
MII_RX_ER
MII_TX_CLK \ / \
ta(TXEN)
tyTxD)
MIL_TX_EN
MII_TXD[3:0] X
ai15668
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Table 66. Dynamic characteristics: Ethernet MAC signals for Mil(")

Symbol Parameter Min Typ Max Unit
tsu(RxD) Receive data setup time 9 -
tin(RxD) Receive data hold time 10 -
tsuov) Data valid setup time 9 -
tinv) Data valid hold time 8 - o
tsuER) Error setup time 6 -
tinER) Error hold time 8 -
taTxeN) Transmit enable valid delay time 0 10 14
taTxD) Transmit data valid delay time 0 10 15

1. Guaranteed by characterization.

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, fpc| k2 frequency and Vppp supply voltage
conditions summarized in Table 14.
Table 67. ADC characteristics
Symbol Parameter Conditions Min Typ Max Unit
Vppa | Power supply - 1.8 - 3.6
Vrer+ | Positive reference voltage - 1.8(1NR)3) - VA Y%
Vger- | Negative reference voltage - - 0 -
=1.81MA)
Vopa = 1877 to 06 15 18 | MHz
fapc | ADC clock frequency 24V
Vppa = 2.4 to 3.6 V) 0.6 30 36 MHz
fADC =30 MHZ,
. . - - 1764 kHz
frric® | External trigger frequency 12-bit resolution
- - - 17 | 1fapc
' (5) ) 0(Vssaor VRer- )
VaIN Conversion voltage range tied to ground) VREF+ Vv
) . . See Equation 1 for ) )
RAIN External input impedance details 50 kQ
Rapc® | Sampling switch resistance - - - 6 KQ
) |Internal sample and hold ) ) )
Capc capacitor 4 PF
132/201 DoclD022152 Rev 7 K’l
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Table 67. ADC characteristics (continued)

mode

Symbol Parameter Conditions Min Typ Max Unit
(@ | Injection trigger conversion fapc = 30 MHz - - 0.100 Hs
lat latency - - 37 | 1ffape
. (4 |Regular trigger conversion fapc = 30 MHz - - 0.067 Hs
latr latency - - 200 1 1ffape
fapc = 30 MHz 0.100 - 16 ys
t3(4) Sampling time
- 3 - 480 1fapc
tstag® | Power-up time . - 2 3 us
fADC =30 MHz
0.50 - 16.40 s
12-bit resolution H
fADC =30 MHz
0.43 - 16.34
10-bit resolution Hs
Total conversion time (including f =30 MHz
tconv® A ADC 37 - 16.27
CONVE" | sampling time) 8-bit resolution 0.3 6 HS
fADC =30 MHz
0.30 - 16.20 s
6-bit resolution H
9 to 492 (tg for sampling +n-bit resolution for successive
cS 1fanc
approximation)
12-bit resolution
- - 2 M
Single ADC Sps
Sampling rate 12-bit resolution
- - 3.75 M
fg) (fapc = 30 MHz, and Interleavmeoggal ADC Sps
ts = 3 ADC cycles)
12-bit resolution
Interleave Triple ADC - - 6 Msps
mode
ADC VRgg DC current
IVREF+(4) consumption in conversion - - 300 500 MA
mode
ADC Vppp DC current
IVDDA(4) consumption in conversion - - 1.6 1.8 mA

1. Vpp/Vppa minimum value of 1.7 V is obtained when the device operates in reduced temperature range, and with the use of

an external power supply supervisor (refer to Section : Internal reset OFF).

N o o koD

2

Vbpa -VRer+ < 1.2V.

Guaranteed by characterization.

DoclD022152 Rev 7

It is recommended to maintain the voltage difference between Vrgg+ and Vppp below 1.8 V.

VRer+ is internally connected to Vppa and VReg. is internally connected to Vgga.
Rapc maximum value is given for Vpp=1.8 V, and minimum value for Vpp=3.3 V.

For external triggers, a delay of 1/fpc| ko Must be added to the latency specified in Table 67.
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Equation 1: Ry max formula
k-0.5
Ran = ( ) N+ 2 - Rapc
fapc % Capc x IN(2" )

The formula above (Equation 1) is used to determine the maximum external impedance
allowed for an error below 1/4 of LSB. N = 12 (from 12-bit resolution) and k is the number of
sampling periods defined in the ADC_SMPR1 register.

Table 68. ADC accuracy at fapc = 30 MHz

Symbol Parameter Test conditions Typ Max(1) Unit
ET Total unadjusted error +2 5
EO Offset error fooLka = 60 MHz, 1.5 2.5
EG Gain error fapc = 30 MHz, Ry <10 kQ, | 1.5 13 LSB
ED Differential linearity error Vooa = 1821036V +1 12
EL Integral linearity error 1.5 +3

1. Guaranteed by characterization.

2. Vpp/Vppa minimum value of 1.7 V is obtained when the device operates in reduced temperature range,
and with the use of an external power supply supervisor (refer to Section : Internal reset OFF).

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 Iy ) @and Slinyeiny in
Section 5.3.16 does not affect the ADC accuracy.

3
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Figure 49. ADC accuracy characteristics
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1. See also Table 68.
2. Example of an actual transfer curve.
3. Ideal transfer curve.
4. End point correlation line.
5. Eg = Total Unadjusted Error: maximum deviation between the actual and the ideal transfer curves.
EO = Offset Error: deviation between the first actual transition and the first ideal one.
EG = Gain Error: deviation between the last ideal transition and the last actual one.
ED = Differential Linearity Error: maximum deviation between actual steps and the ideal one.
EL = Integral Linearity Error: maximum deviation between any actual transition and the end point
correlation line.
Figure 50. Typical connection diagram using the ADC
STM32F
Sample and hold ADC
converter
Rapc(®)
[—ADC 7| qopit
converter
=== Capc(1)
=
ai17534

Refer to Table 67 for the values of Ry, Rapc @and Cape.-

2. Cparasitic represents the capacitance of the PCB (dependent on soldering and PCB layout quality) plus the
pad capacitance (roughly 5 pF). A high Cparasitic value downgrades conversion accuracy. To remedy this,
fapc should be reduced.

3
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General PCB design guidelines

Power supply decoupling should be performed as shown in Figure 51 or Figure 52,
depending on whether Vrgg+ is connected to Vppa or not. The 10 nF capacitors should be
ceramic (good quality). They should be placed them as close as possible to the chip.

Figure 51. Power supply and reference decoupling (Vgrgg+ not connected to Vppa)
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1. VRer+ and Vgeg_inputs are both available on UFBGA176. Vggg. is also available on LQFP100, LQFP 144,
and LQFP176. When Vggg, and Vrgg_ are not available, they are internally connected to Vppp and Vgga.

3
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Figure 52. Power supply and reference decoupling (Vrgg+ connected to Vppa)
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1. VRer+ and Vgeg_inputs are both available on UFBGA176. Vggg. is also available on LQFP100, LQFP 144,
and LQFP176. When Vg, and Vggg_ are not available, they are internally connected to Vppa and Vgga.

5.3.22 Temperature sensor characteristics

Table 69. Temperature sensor characteristics

Symbol Parameter Min | Typ | Max Unit
.M Vsense linearity with temperature - +1 +2 °C
Avg_SIopem Average slope - 2.5 mV/°C
Vos(M) Voltage at 25 °C - 076 %
tstart?) | Startup time - 6 10 us
Ts temp® |ADC sampling time when reading the temperature (1 °C accuracy) | 10 - - us

1. Guaranteed by characterization.

2. Guaranteed by design.

Table 70. Temperature sensor calibration values

Symbol Parameter Memory address

TS_CAL1 | TS ADC raw data acquired at temperature of 30 °C, Vppa=3.3V | Ox1FFF 7A2C - Ox1FFF 7A2D
TS_CAL2 | TS ADC raw data acquired at temperature of 110 °C, Vppp=3.3 V |Ox1FFF 7A2E - Ox1FFF 7A2F

2
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5.3.23 Vgar monitoring characteristics
Table 71. Vgatr monitoring characteristics
Symbol Parameter Min Typ Max Unit
R Resistor bridge for Vgat - 50 - KQ
Q Ratio on Vgar measurement - 2 -
Er(") Error on Q -1 - +1 %
2)(2) ADC sampling time when reading the Vgat ) )
Ts_voat 1 mV accuracy 5 HS
1. Guaranteed by design.
2. Shortest sampling time can be determined in the application by multiple iterations.
5.3.24 Embedded reference voltage
The parameters given in Table 72 are derived from tests performed under ambient
temperature and Vpp supply voltage conditions summarized in Table 14.
Table 72. Embedded internal reference voltage
Symbol Parameter Conditions Min | Typ | Max Unit
Vrerint | Internal reference voltage —40°C<Tp<+105°C| 1.18 | 1.21 | 1.24 \
T (1) |ADC sampling time when reading the ) 10 ) ) s
S_vrefint * | internal reference voltage H
(2) | Internal reference voltage spread over the _ )
VRERINT_s temperature range Vop =3V 3 5 mv
TCoeﬁ(z) Temperature coefficient - - 30 50 |ppm/°C
tSTART(z) Startup time - - 6 10 us

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

2. Guaranteed by design.

Table 73. Internal reference voltage calibration values

Symbol Parameter Memory address
VREFIN_CAL Raw data acquired at temperature of 30 °C, Vppa=3.3 V Ox1FFF 7A2A - Ox1FFF 7A2B
5.3.25 DAC electrical characteristics

Table 74. DAC characteristics
Symbol Parameter Min | Typ Max Unit Comments

Vppa Analog supply voltage 18] - 3.6 \Y

VREF+ Reference supply voltage 1.8 - 3.6 V | Vrer+ < VDA

Vssa Ground 0 - 0 \Y

138/201
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Table 74. DAC characteristics (continued)

Symbol Parameter Min | Typ Max Unit Comments
RLOAD(Z) Resistive load with buffer 5 ) _ KO
ON
When the buffer is OFF, the
R~ Impedance output with ) ) 15 KO Minimum resistive load between
0 buffer OFF DAC_OUT and Vgg to have a 1%
accuracy is 1.5 MQ
Maximum capacitive load at
CLoap® | Capacitive load - - 50 pF | DAC_OUT pin (when the buffer is
ON).
It gives the maximum output
DAQ_g)UT nger DAC_OUT voltage 0.2 ) ) v | excursion of the DAC.
min with buffer ON It corresponds to 12-bit input code
(OxOEOQ) to (0xF1C) at VRgf+ =
DAC_OUT | Higher DAC_OUT voltage ) ) v 02 v 3.6 V and (0x1C7) to (OxE38) at
max® | with buffer ON DDA ™ ™ Vreps = 1.8V
DAC_OUT | Lower DAC_OUT voltage
in@ | with buffer OFF - | 08 - Vol :
min with butier It gives the maximum output
DAC_OUT | Higher DAC_OUT voltage ) Ve _qisp |y | Eursion of the DAC.
max® | with buffer OFF REF+
With no load, worst code (0x800)
- 170 240 at Vreg+ = 3.6 Vin terms of DC
DAC DC Vggf current consumption on the inputs
IVRE,:+(4) consumption in quiescent MA
mode (Standby mode) With no load, worst code (0xF1C)
- 50 75 at Vggr+ = 3.6 Vin terms of DC
consumption on the inputs
) 280 380 uA With no load, middle code (0x800)
DAC DC VDDA current on the inputs
Iopa® consu(rST;ption in quiescent With no load, worst code (0xF1C)
mode - | 475 625 MA | at Vggrs+ = 3.6 Vin terms of DC
consumption on the inputs
Given for the DAC in 10-bit
Differential non linearity B - 0.5 LSB configuration.
DNL®) | Difference between two
consecutive code-1LSB) Given for the DAC in 12-bit
- - +2 LSB . .
configuration.
Integral non linearity Given for the DAC in 10-bit
) - - +1 LSB : .
(difference between configuration.
INL@ measured value at Code i
and the value at Codeion a Given for the DAC in 12-bit
line drawn between Code 0 | - - 4 LSB configuration.
and last Code 1023)
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Table 74. DAC characteristics (continued)

Symbol Parameter Min | Typ Max Unit Comments
Given for the DAC in 12-bit
Offset error ) ) +10 mv configuration
(difference between Given for the DAC in 10-bit at
Offset® | measured value at Code - - +3 LSB Vlven 21'3 6eV " "a
(0x800) and the ideal value REF+ — =
= VRer+/2) ) ) Given for the DAC in 12-bit at
12 LSB Vegrs = 3.6 V
Ga|:14) Gain error ) ) 105 o legn for Fhe DAC in 12-bit
error configuration
Settling time (full scale: for a
10-bit input code transition
¢ (4) | between the lowest and the ) 3 6 s CLoap < 50 pF,
SETTLING " | highest input codes when H$ 1R oap = 5 kQ
DAC_OUT reaches final
value +4L.SB
Total Harmonic Distortion C < 50 pF,
THD(4) _ _ _ dB LOAD ’
Buffer ON RLOAD >5kQ
Max frequency for a correct
Update |DAC_OUT change when ) ) y MS/s CLoap < 50 pF,
rate(® small variation in the input RLoap = 5 kQ
code (from code i to i+1LSB)
Wakeup time from off state CLoap £ 50 pF, R pap 2 5 kQ
twakeup'™® | (Setting the ENX bit in the - 6.5 10 us |input code between lowest and
DAC Control register) highest possible ones.
Power supply rejection ratio
PSRR+ @) | (to Vppp) (static DC - | 67 -40 dB |No R, pap: CLoap = 50 pF

measurement)

1. Vpp/Vppa minimum value of 1.7 V is obtained when the device operates in reduced temperature range, and with the use of

an external power supply supervisor (refer to Section : Internal reset OFF).

Guaranteed by design.

The quiescent mode corresponds to a state where the DAC maintains a stable output level to ensure that no dynamic
consumption occurs.

140/201
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5.3.26

Figure 53. 12-bit buffered /non-buffered DAC
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1. The DAC integrates an output buffer that can be used to reduce the output impedance and to drive external
loads directly without the use of an external operational amplifier. The buffer can be bypassed by
configuring the BOFFx bit in the DAC_CR register.

FSMC characteristics

Unless otherwise specified, the parameters given in Table 75 to Table 86 for the FSMC
interface are derived from tests performed under the ambient temperature, fc| k frequency
and Vpp supply voltage conditions summarized in Table 14, with the following configuration:

e  Output speed is set to OSPEEDRy[1:0] = 10
e Capacitive load C = 30 pF
e Measurement points are done at CMOS levels: 0.5Vpp

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

Asynchronous waveforms and timings

Figure 54 through Figure 57 represent asynchronous waveforms and Table 75 through
Table 78 provide the corresponding timings. The results shown in these tables are obtained
with the following FSMC configuration:

e  AddressSetupTime =1

e  AddressHoldTime = 0x1

e DataSetupTime = 0x1
BusTurnAroundDuration = 0x0

In all timing tables, the Ty k is the HCLK clock period.
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Figure 54. Asynchronous non-multiplexed SRAM/PSRAM/NOR read waveforms
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1. Mode 2/B, C and D only. In Mode 1, FSMC_NADYV is not used.

Table 75. Asynchronous non-multiplexed SRAM/PSRAM/NOR read timings("(?

Symbol Parameter Min Max Unit
tw(NE) FSMC_NE low time 2THeLk—0.5|2 Tyckt1| ns
tynoe_NE) | FSMC_NEx low to FSMC_NOE low 0.5 3 ns
tw(NOE) FSMC_NOE low time 2Thok—2 | 2Thck*t 2| ns
thne_NoE) | FSMC_NOE high to FSMC_NE high hold time 0 - ns
tya NEy |FSMC_NEx low to FSMC_A valid - 45 ns
th(a_NOE) |Address hold time after FSMC_NOE high 4 - ns
tysL NE) | FSMC_NEX low to FSMC_BL valid - 1.5 ns
theL_NoE) | FSMC_BL hold time after FSMC_NOE high 0 - ns
tsuData_NE) | Data to FSMC_NEXx high setup time Thok+4 - ns
tsuData_NoE) | Data to FSMC_NOEX high setup time TheLkt4 - ns
th(pata_NoE) | Data hold time after FSMC_NOE high 0 - ns
th(pata_NE) | Data hold time after FSMC_NEx high 0 - ns
tynabv NE) | FSMC_NEX low to FSMC_NADV low - 2 ns
twnapy) | FSMC_NADV low time - Thek ns

1. C_=30pF.

2. Guaranteed by characterization.

3
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Figure 55. Asynchronous non-multiplexed SRAM/PSRAM/NOR write waveforms
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Mode 2/B, C and D only. In Mode 1, FSMC_NADYV is not used.

Table 76. Asynchronous non-multiplexed SRAM/PSRAM/NOR write timings“)(z)

Symbol Parameter Min Max Unit
tw(NE) FSMC_NE low time 3THeLK 3THok* 4 | ns
tynwe_NEy | FSMC_NEx low to FSMC_NWE low Thek=0.5 | Thok*0.5 | ns
tw(NWE) FSMC_NWE low time Theolk=1 Thok*t2 | ns
tane_Nwe) | FSMC_NWE high to FSMC_NE high hold time Theok—1 - ns
tya NE) FSMC_NEXx low to FSMC_A valid - 0 ns
th(A_NWE) Address hold time after FSMC_NWE high Thelk— 2 - ns
ty(BL NE) FSMC_NEXx low to FSMC_BL valid - 1.5 ns
thBL_NWE) FSMC_BL hold time after FSMC_NWE high Thek—1 - ns
ty(Data_NE) Data to FSMC_NEXx low to Data valid - Theok*3 | ns
thpata_nwe)y | Data hold time after FSMC_NWE high Thewk—1 - ns
tynabv NE)y | FSMC_NEX low to FSMC_NADV low - 2 ns
tw(NADV) FSMC_NADV low time - THeLk*0.5 | ns
1. C_=30pF.
2. Guaranteed by characterization.
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Figure 56. Asynchronous multiplexed PSRAM/NOR read waveforms
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Table 77. Asynchronous multiplexed PSRAM/NOR read timings“)(z)
Symbol Parameter Min Max Unit
tw(NE) FSMC_NE low time 3Thok=1 3Thekt1 ns
tynoe_Ng) | FSMC_NEx low to FSMC_NOE low 2Theok—0.5 | 2Ty k*0.5 ns
tw(NOE) FSMC_NOE low time Thelk—1 Thekt1 ns
thve_NoE) | FSMC_NOE high to FSMC_NE high hold time 0 - ns
tya NE) FSMC_NEXx low to FSMC_A valid - 3 ns
tynabv NE) | FSMC_NEX low to FSMC_NADV low 1 2 ns
twnapy) | FSMC_NADV low time Theolk— 2 Thokt1 ns
thiap_NADv) | FSMC_AD(adress) valid hold time after FSMC_NADV high) Thelk - ns
th(a NoE) | Address hold time after FSMC_NOE high Thelk—1 - ns
th@L_NoE) | FSMC_BL time after FSMC_NOE high 0 - ns
tyeL Ny | FSMC_NEx low to FSMC_BL valid - 2 ns
tsuata NE) | Data to FSMC_NEX high setup time TheLkt4 - ns
tsu(Data_NOE) | Data to FSMC_NOE high setup time THeolkt4 - ns
thpata_NE) | Data hold time after FSMC_NEX high 0 - ns
th(Data_NoE) | Data hold time after FSMC_NOE high 0 - ns
1. C_=30pF.
2. Guaranteed by characterization.
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Figure 57. Asynchronous multiplexed PSRAM/NOR write waveforms
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Table 78. Asynchronous multiplexed PSRAM/NOR write timings(1)(2)

Symbol Parameter Min Max Unit
tw(NE) FSMC_NE low time 4Thek0.5| 4Thok*3 ns
tynwe_Ney | FSMC_NEX low to FSMC_NWE low Thek=0.5 | Tholk -0.5 ns
tw(NWE) FSMC_NWE low tim e 2Thek0.5| 2Thcok*3 ns
thne_ Nwe) | FSMC_NWE high to FSMC_NE high hold time Thelk - ns
tya_NE) FSMC_NEXx low to FSMC_A valid - 0 ns
tynabv NE) | FSMC_NEX low to FSMC_NADV low 1 2 ns
tw(NADV) FSMC_NADV low time Theolk— 2 Thek* 1 ns
th(AD_NADY) Egmg_ﬁi(oa\?%(;ij) valid hold time after ThoLk=2 ) ns
thia_NWE) Address hold time after FSMC_NWE high Theok - ns
theL Nnwey | FSMC_BL hold time after FSMC_NWE high Tholk—2 - ns
ty(BL_NE) FSMC_NEx low to FSMC_BL valid - 1.5 ns
ty(Data_NaDv) | FSMC_NADV high to Data valid - Thek-0.5 | ns
thpata_nwe) | Data hold time after FSMC_NWE high Thelk - ns

1. C_=30pF.

2
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2. Guaranteed by characterization.

Synchronous waveforms and timings

Figure 58 through Figure 61 represent synchronous waveforms and Table 80 through
Table 82 provide the corresponding timings. The results shown in these tables are obtained
with the following FSMC configuration:

e  BurstAccessMode = FSMC_BurstAccessMode Enabile;

e  MemoryType = FSMC_MemoryType CRAM,;

e  WriteBurst = FSMC_WriteBurst_Enable;

e CLKDivision = 1; (0 is not supported, see the STM32F40xxx/41xxx reference manual)
e Datalatency = 1 for NOR Flash; DataLatency = 0 for PSRAM

In all timing tables, the T,k is the HCLK clock period (with maximum
FSMC_CLK = 60 MHz).

Figure 58. Synchronous multiplexed NOR/PSRAM read timings
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Table 79. Synchronous multiplexed NOR/PSRAM read timings("(?

Symbol Parameter Min Max Unit
twicLk) FSMC_CLK period 2THeLK - ns
taycLkNex) | FSMC_CLK low to FSMC_NEX low (x=0..2) - 0 ns
tycLkL-NExH) | FSMC_CLK low to FSMC_NEX high (x=0...2) 2 - ns
tycLkL-NaDvL) | FSMC_CLK low to FSMC_NADV low - 2 ns
ty(cLkL-NADVH) | FSMC_CLK low to FSMC_NADV high 2 - ns
tycLkL-AV) FSMC_CLK low to FSMC_Ax valid (x=16...25) - 0 ns
tycikL-ayy | FSMC_CLK low to FSMC_Ax invalid (x=16...25) 0 - ns
tacLk-NoeL) | FSMC_CLK low to FSMC_NOE low - 0 ns
tycLkL-NoEH) | FSMC_CLK low to FSMC_NOE high 2 - ns
tacLki-apyy | FSMC_CLK low to FSMC_AD[15:0] valid - 4.5 ns
tycLkL-aprvy | FSMC_CLK low to FSMC_ADI[15:0] invalid 0 - ns
tsuapv-cikr) | FSMC_A/D[15:0] valid data before FSMC_CLK high 6 - ns
thcLkH-aDv) | FSMC_A/D[15:0] valid data after FSMC_CLK high 0 - ns
tsunwAIT-cLkH) | FSMC_NWAIT valid before FSMC_CLK high 4 - ns
thicLkH-NwaiT) | FSMC_NWAIT valid after FSMC_CLK high 0 - ns

C_ = 30 pF.
2. Guaranteed by characterization.
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Figure 59. Synchronous multiplexed PSRAM write timings
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Table 80. Synchronous multiplexed PSRAM write timings(1)(2)

Symbol Parameter Min Max Unit
twcLk) FSMC_CLK period 2THelk - ns
tycLkinexy) | FSMC_CLK low to FSMC_NEX low (x=0..2) - 1 ns
tycLKL-NExH) | FSMC_CLK low to FSMC_NEX high (x=0...2) 1 - ns
tycLkL-NADVL) | FSMC_CLK low to FSMC_NADV low - 0 ns
la(CLKL- FSMC_CLK low to FSMC_NADV high 0 - ns

NADVH)
tycik-av) | FSMC_CLK low to FSMC_Ax valid (x=16...25) - 0 ns
tycLkL-alv) | FSMC_CLK low to FSMC_Ax invalid (x=16...25) 8 - ns
tycLkL-nweL) | FSMC_CLK low to FSMC_NWE low - 0.5 ns
tycLkL-NweH) | FSMC_CLK low to FSMC_NWE high 0 - ns
tacLkL-aply) | FSMC_CLK low to FSMC_AD[15:0] invalid 0 - ns
t(CLKL-DATA) :;?\/MC_A/D[‘I&O] valid data after FSMC_CLK ) 3 ns
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Table 80. Synchronous multiplexed PSRAM write timings“)(z) (continued)

Symbol Parameter Min Max Unit
td(CLKL—NBLH) FSMC_CLK low to FSMC_NBL hlgh 0 - ns
tsu(NwAIT- FSMC_NWAIT valid before FSMC_CLK high 4 - ns
CLKH)
th(CLKH-NWA|T) FSMC_NWA'T valid after FSMC_CLK hlgh 0 - ns
1. C_=30pF.

2. Guaranteed by characterization.

Figure 60. Synchronous non-multiplexed NOR/PSRAM read timings
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Table 81. Synchronous non-multiplexed NOR/PSRAM read timings(!(2)

Symbol Parameter Min Max Unit
twcLk) FSMC_CLK period 2Thck 0.5 - ns
td(CLKL-NEXL) FSMC_CLK low to FSMC_NEXx low (x=0..2) - 0.5 ns
td(CLKL-NEXH) FSMC_CLK low to FSMC_NEXx high (x=0...2) 0 - ns
tacLke-NabvL) | FSMC_CLK low to FSMC_NADV low - 2 ns
tacLkL-NADVH) | FSMC_CLK low to FSMC_NADV high 3 - ns
ty(cLKL-AV) FSMC_CLK low to FSMC_Ax valid (x=16...25) - 0 ns
ta(cLKL-AIV) FSMC_CLK low to FSMC_Ax invalid (x=16...25) 2 - ns
td(CLKL-NOEL) FSMC_CLK low to FSMC_NOE low - 0.5 ns
tycLk-NoeH) | FSMC_CLK low to FSMC_NOE high 1.5 - ns
tsu(DV-CLKH) FSMC_D[15:0] valid data before FSMC_CLK high 6 - ns
th(cLKH-DV) FSMC_D[15:0] valid data after FSMC_CLK high 3 - ns
tsuNnwAIT-cLkH) | FSMC_NWAIT valid before FSMC_CLK high 4 - ns
thicLkH-NwaiT) | FSMC_NWAIT valid after FSMC_CLK high 0 - ns
1. C_=30pF.

2. Guaranteed by characterization.
DoclD022152 Rev 7 Gl_
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Figure 61. Synchronous non-multiplexed PSRAM write timings
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Table 82. Synchronous non-multiplexed PSRAM write timings(!(2)

Symbol Parameter Min Max | Unit
twcLk) FSMC_CLK period 2THek - ns
td(CLKL-NEXL) | FESMC_CLK low to FSMC_NEXx low (x=0..2) - 1 ns
tacLkinexH) | FSMC_CLK low to FSMC_NEXx high (x=0...2) 1 - ns
tycLkL-NapvL) | FSMC_CLK low to FSMC_NADV low - 7 ns
tycLkL-NADVH) | FSMC_CLK low to FSMC_NADV high 6 - ns
tacLKL-AV) FSMC_CLK low to FSMC_Ax valid (x=16...25) - 0 ns
ty(CLKL-AIV) FSMC_CLK low to FSMC_Ax invalid (x=16...25) 6 - ns
tacikenwer) | FSMC_CLK low to FSMC_NWE low - 1 ns
tycLke-nwenH) | FSMC_CLK low to FSMC_NWE high 2 - ns
ty(CcLKL-Data) FSMC_D[15:0] valid data after FSMC_CLK low - 3 ns
tyckL-nBLH) | FSMC_CLK low to FSMC_NBL high 3 - ns
tsuNnwaIT-cLkH) | FSMC_NWAIT valid before FSMC_CLK high 4 - ns
thcLkH-nwaiT) | FSMC_NWAIT valid after FSMC_CLK high 0 - ns

1. C_=30pF.

2. Guaranteed by characterization.

2
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PC Card/CompactFlash controller waveforms and timings

Figure 62 through Figure 67 represent synchronous waveforms, and Table 83 and Table 84
provide the corresponding timings. The results shown in this table are obtained with the
following FSMC configuration:

COM.FSMC_SetupTime =

0x04;

COM.FSMC_WaitSetupTime = 0x07;
COM.FSMC_HoldSetupTime = 0x04;

COM.FSMC_HiZSetupTim
ATT.FSMC_SetupTime =0

e = 0x00;
x04;

ATT.FSMC_WaitSetupTime = 0x07;
ATT.FSMC_HoldSetupTime = 0x04;

ATT.FSMC_HiZSetupTime

= 0x00;

I0.FSMC_SetupTime = 0x04;

I0.FSMC_WaitSetupTime
I0.FSMC_HoldSetupTime

= 0x07;
= 0x04;

I0.FSMC_HiZSetupTime = 0x00;

TCLRSetupTime = 0;
TARSetupTime = 0.

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

access

Figure 62. PC Card/CompactFlash controller waveforms for common memory read
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. FSMC_NCE4_2 remains high (inac

tive during 8-bit access.
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Figure 63. PC Card/CompactFlash controller waveforms for common memory write

access
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Figure 64. PC Card/CompactFlash controller waveforms for attribute memory read
access
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1. Only data bits 0...7 are read (bits 8...15 are disregarded).
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Figure 65. PC Card/CompactFlash controller waveforms for attribute memory write
access
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1. Only data bits 0...7 are driven (bits 8...15 remains Hi-Z).

Figure 66. PC Card/CompactFlash controller waveforms for I/O space read access
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Figure 67. PC Card/CompactFlash controller waveforms for I/0O space write access
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Table 83. Switching characteristics for PC Card/CF read and write cycles
in attribute/common space(1(2

Symbol Parameter Min Max Unit
ty(NCEx-A) FSMC_Ncex low to FSMC_Ay valid - 0 ns
thincex aly | FSMC_NCEX high to FSMC_Ax invalid 4 - ns

ty(NREG-NCEx) | FSMC_NCEX low to FSMC_NREG valid - 3.5 ns
th(ncEx-NREG) | FSMC_NCEX high to FSMC_NREG invalid ThoLkt4 - ns
tancexnwe) | FSMC_NCEX low to FSMC_NWE low - 5Thokt0.5 ns
tayncex-NoE) | FSMC_NCEX low to FSMC_NOE low - 5ThcLk +0.5 ns
tw(NOE) FSMC_NOE low width 8Thek—1 8ThoLk*1 ns
taynoE NcEx) | FSMC_NOE high to FSMC_NCEX high 5Thok*2.5 - ns
tsu (o-noE) | FSMC_D[15:0] valid data before FSMC_NOE high 4.5 - ns
th(NOE-D) FSMC_NOE high to FSMC_D[15:0] invalid 3 - ns
tw(NWE) FSMC_NWE low width 8ThcLk—0.5 8Theikt 3 ns
taynwe Ncex) | FSMC_NWE high to FSMC_NCEX high 5TheoLk—1 - ns
tayncex-nwe) | FSMC_NCEx low to FSMC_NWE low - 5Thek* 1 ns
ty(NWE-D) FSMC_NWE low to FSMC_D[15:0] valid - 0 ns
t, (NWE-D) |FSMC_NWE high to FSMC_D[15:0] invalid 8Thek —1 - ns
ty (O-NWE) |FSMC_D[15:0] valid before FSMC_NWE high 13Thok —1 - ns
1. C_=30pF.
2. Guaranteed by characterization.
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Table 84. Switching characteristics for PC Card/CF read and write cycles
in 1/0 space("(?

Symbol Parameter Min Max Unit
tw(NIOWR) FSMC_NIOWR low width 8ThoLk —1 - ns
ty(NIOWR-D) FSMC_NIOWR low to FSMC_DJ[15:0] valid - 5Theolk— 1 ns
th(NIOWR-D) FSMC_NIOWR high to FSMC_D[15:0] invalid 8ThoLk—2 - ns
tance4_1-Niowr) | FSMC_NCE4_1 low to FSMC_NIOWR valid - 5Thelkt 2.5 ns
th(NcEx-NIoWR) | FSMC_NCEX high to FSMC_NIOWR invalid 5Thok=1-5 - ns
t4(NIORD-NCEx) FSMC_NCEXx low to FSMC_NIORD valid - 5Thekt 2 ns
th(NCEx-NIORD) | FSMC_NCEX high to FSMC_NIORD) valid 5Thoik— 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
t4(NIORD-D) FSMC_D[15:0] valid after FSMC_NIORD high 0 - ns

1. C_=30pF.

2. Guaranteed by characterization.

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:

e COM.FSMC_SetupTime = 0x01;

e COM.FSMC_WaitSetupTime = 0x03;

e COM.FSMC_HoldSetupTime = 0x02;

e COM.FSMC_HiZSetupTime = 0x01;

e ATT.FSMC_SetupTime = 0x01;

e ATT.FSMC_WaitSetupTime = 0x03;

e ATT.FSMC_HoldSetupTime = 0x02;

e ATT.FSMC_HiZSetupTime = 0x01;

e Bank =FSMC_Bank NAND;

e  MemoryDataWidth = FSMC_MemoryDataWidth_16b;
e ECC=FSMC_ECC_Enable;

e ECCPageSize = FSMC_ECCPageSize_512Bytes;
e TCLRSetupTime =0;

e TARSetupTime = 0.

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

3
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Figure 68. NAND controller waveforms for read access
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Figure 69. NAND controller waveforms for write access
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Figure 70. NAND controller waveforms for common memory read access
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Figure 71. NAND controller waveforms for common memory write access
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Table 85. Switching characteristics for NAND Flash read cyclesm
Symbol Parameter Min Max Unit
: 4THoLk—
tW(NOE) FSMC_NOE low width 05 4THCLK+ 3 ns
tsup-NoE) | FSMC_D[15-0] valid data before FSMC_NOE high 10 - ns
thnoep) | FSMC_D[15-0] valid data after FSMC_NOE high 0 - ns
td(ALE-NOE) FSMC_ALE valid before FSMC_NOE low - 3THCLK ns
th(NOE—ALE) FSMC_NWE hlgh to FSMC_ALE invalid 3THCLK_ 2 - ns

1.

C_ = 30 pF.
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Table 86. Switching characteristics for NAND Flash write cycles(!)

Symbol Parameter Min Max Unit

tw(NWE) FSMC_NWE low width 4Thek=1 | 4Thokt 3 | ns

ty(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 3TheLk =2 - ns

tao-NwE) FSMC_D[15-0] valid before FSMC_NWE high 5THeoLk—3 - ns
ta(ALE-NWE) FSMC_ALE valid before FSMC_NWE low - 3THeLk ns
thnwe-ALE) | FSMC_NWE high to FSMC_ALE invalid 3ThoLk—2 - ns

1. C_=30pF.

Camera interface (DCMI) timing specifications

Unless otherwise specified, the parameters given in Table 87 for DCMI are derived from

e  PCK polarity: falling
e VSYNC and HSYNC polarity: high
e Data format: 14 bits

Figure 72. DCMI timing diagram

tests performed under the ambient temperature, fyc| k frequency and Vpp supply voltage
summarized in Table 13, with the following configuration:

1/DCMI_PIXCLK
-

pemiPxelk /N /N / ./ ./ ./ U

—P:r—%‘— tsu(HS:YNC) th(HSYNC) —P%—%‘—

DCMLHSYNG — N\ |/ N\ /T

—>—— tsu(vswz%NC)

thHsyne) —P%—H—

DCMIVSYNC | | /T
. tsu(pATAi i th(DATA) o
DATA[0:13] X X X X X X
‘ MS32414V2
Table 87. DCMI characteristics(")
Symbol Parameter Min Max Unit
Frequency ratio DCMI_PIXCLK/fyc i - 0.4
DCMI_PIXCLK Pixel clock input - 54 MHz
Dpixel Pixel clock input duty cycle 30 70 %
DoclD022152 Rev 7 Lys




STM32F405xx, STM32F407xx Electrical characteristics

5.3.28

3

Table 87. DCMI characteristics(") (continued)

Symbol Parameter Min Max Unit
tsuipaTa) Data input setup time 25 -
th(DATA) Data hold time 1 i
su(HSYNO). HSYNC/VSYNC input setup time 2 ] ns
tsu(vsync)
th(HsYNC). HSYNC/VSYNC input hold time 0.5 .
thvsyne)

1. Guaranteed by characterization.

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, fpc| ky frequency and Vpp supply voltage conditions
summarized in Table 14 with the following configuration:

e  Output speed is set to OSPEEDRy[1:0] = 10
e Capacitive load C = 30 pF
e Measurement points are done at CMOS levels: 0.5Vpp

Refer to Section 5.3.16: I/0O port characteristics for more details on the input/output
characteristics.

Figure 73. SDIO high-speed mode
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Figure 74. SD default mode
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Table 88. Dynamic characteristics: SD / MMC characteristics(?)
Symbol Parameter Conditions Min Typ Max Unit
fep Clock frequency in data transfer mode 0 48 MHz
SDIO_CK/fpgko frequency ratio - - 8/3 -

tw(ckL) Clock low time fpp = 48 MHz 8.5 9 -

ns
tW(CKH) Clock hlgh time fpp =48 MHz 8.3 10 -
CMD, D inputs (referenced to CK) in MMC and SD HS mode
tisu Input setup time HS fpp = 48 MHz 3 - -

ns
tiH Input hold time HS fop = 48 MHz 0 - -
CMD, D outputs (referenced to CK) in MMC and SD HS mode
tov Output valid time HS fpp = 48 MHz - 4.5 6

ns
ton Output hold time HS fpp = 48 MHz 1 - -
CMD, D inputs (referenced to CK) in SD default mode
tisup Input setup time SD fpp = 24 MHz 1.5 - -

ns
tiHD Input hold time SD fop = 24 MHz 0.5 - -
CMD, D outputs (referenced to CK) in SD default mode
tovp Output valid default time SD fpp = 24 MHz - 4.5 7

ns
toHD Output hold default time SD fpp = 24 MHz 0.5 - -
1. Guaranteed by characterization.
5.3.29 RTC characteristics

Table 89. RTC characteristics
Symbol Parameter Conditions Min Max
.| Any read/write operation
- fpcLk1/RTCCLK frequency ratio from/to an RTC register 4 -
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Package information

In order to meet environmental requirements, ST offers these devices in different grades of
ECOPACK® packages, depending on their level of environmental compliance. ECOPACK®
specifications, grade definitions and product status are available at: www.st.com.

ECOPACK® is an ST trademark.

WLCSP90 package information

package outline

Figure 75. WLCSP90 - 4.223 x 3.969 mm, 0.400 mm pitch wafer level chip scale
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Table 90. WLCSP90 - 4.223 x 3.969 mm, 0.400 mm pitch wafer level chip scale
package mechanical data

millimeters inches(!)
Symbol
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 - - 0.0010 -
b®) 0.240 0.270 0.300 0.0094 0.0106 0.0118

D 4.188 4223 4.258 0.1649 0.1663 0.1676

E 3.934 3.969 4.004 0.1549 0.1563 0.1576

e - 0.400 - - 0.0157 -
el - 3.600 - - 0.1417 -
e2 - 3.200 - - 0.1260 -

F - 0.3115 - - 0.0123 -

G - 0.3845 - - 0.0151 -
aaa - 0.100 - - 0.0039 -
bbb - 0.100 - - 0.0039 -
cce - 0.100 - - 0.0039 -
ddd - 0.050 - - 0.0020 -
eee - 0.050 - - 0.0020 -

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

2. Back side coating.

3. Dimension is measured at the maximum bump diameter parallel to primary datum Z.

Figure 76. WLCSP90 - 4.223 x 3.969 mm, 0.400 mm pitch wafer level chip scale
recommended footprint

Dpad

Dsm

MS18965V2

DoclD022152 Rev 7

3




STM32F405xx, STM32F407xx

Package information

Table 91. WLCSP90 recommended PCB design rules

Dimension Recommended values
Pitch 0.4 mm
Dpad 260 ym max. (circular)
220 ym recommended
Dsm 300 pm min. (for 260 uym diameter pad)

PCB pad design

Non-solder mask defined via underbump allowed

Device marking for WLCSP90

The following figure gives an example of topside marking and ball A1 position identifier

location.

Figure 77. WLCSP90 marking example (package top view)

Product identification(1)

F4UOS50EB

Revision code

Date code

Ball A1 /

indentifer

MSv36120V1

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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6.2 LQFP64 package information

Figure 78. LQFP64 — 64-pin, 10 x 10 mm low-profile quad flat package outline
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1. Drawing is not to scale.

Table 92. LQFP64 — 64-pin 10 x 10 mm low-profile quad flat package
mechanical data

millimeters inches(!)
Symbol
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 - 12.000 - - 0.4724 -

D1 - 10.000 - - 0.3937 -
D3 - 7.500 - - 0.2953 -

E - 12.000 - - 0.4724 -

E1 - 10.000 - - 0.3937 -
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Table 92. LQFP64 — 64-pin 10 x 10 mm low-profile quad flat package
mechanical data (continued)

millimeters inches(!
Symbol
Min Typ Max Min Typ Max

E3 - 7.500 - - 0.2953 -

- 0.500 - - 0.0197 -

K 0° 3.5° 7° 0° 3.5° 7°
L 0.450 0.600 0.750 0.0177 0.0236 0.0295

L1 - 1.000 - - 0.0394 -
cce - - 0.080 - - 0.0031

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

Figure 79. LQFP64 — 64-pin, 10 x 10 mm low-profile quad flat package
recommended footprint
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1. Drawing is not to scale.

2. Dimensions are in millimeters.
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Device marking for LQFP64

The following figure gives an example of topside marking and pin 1 position identifier

location.

Figure 80. LPQF64 marking example (package top view)

Revision code

R

Product identification(1)

Y

STM32F405

RGThE

Y |Ww

Date code

./ Pin tidentifier "_l @

MSv36121V1

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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6.3 LQPF100 package information
Figure 81. LQFP100 - 100-pin, 14 x 14 mm low-profile quad flat package outline
SEATING PLANE
v TN
< 5 N“ 1_“ 0.25 mm
< < GAUGE PLANE
1y
h > > L, R
I D1 > P N
» D3 R ° v
7 | 51 ;
7 ! 50 - A
|
° |
M, l ______ — Bl o w
|
|
10 ! y
6 ) A4
PIN 1 | 5 i
IDENTIFICATION
e ® 1L_ME_V5
1. Drawing is not to scale.
Table 93. LQPF100 — 100-pin, 14 x 14 mm low-profile quad flat package
mechanical data(")
millimeters inches
Symbol
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
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 15.80 16.000 16.200 0.6220 0.6299 0.6378
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Table 93. LQPF100 — 100-pin, 14 x 14 mm low-profile quad flat package

mechanical datal") (continued)

millimeters inches
Symbol
Min Typ Max Min Typ Max
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° 3.5° 7° 0° 3.5° 7°
cce - - 0.080 - - 0.0031
1. Values in inches are converted from mm and rounded to 4 decimal digits.
Figure 82. LQFP100 - 100-pin, 14 x 14 mm low-profile quad flat
recommended footprint
75 51
A
_“_IJIJIJIJIJ[IIJIJIJIJIJH[IIHHHHHHHHHHHH
§76 0.5—>1e g 50
= v —3
= =
= =
= 03 =
= —
[ L
167 143__ =3 =
= =
= =
= =
— =
= =
= =
= =
= =
— =
= =
100 26
\ 4 ; )
1 25
< 12.3 >
- 16.7 »
ai14906¢
1. Drawing is not to scale.
2. Dimensions are expressed in millimeters.
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Device marking for LFP100

The following figure gives an example of topside marking and pin 1 position identifier

location.
Figure 83. LQFP100 marking example (package top view)
Product
identification(1)

STM3I2Fu05 | Revision

i:l code
VGeTL R /f/

Date code

Y W W

Kys O
. @

Pin 1 identifier

MSv36122V1

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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6.4 LQFP144 package information

Figure 84. LQFP144 - 144-pin, 20 x 20 mm low-profile quad flat package outline
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1. Drawing is not to scale.
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Table 94. LQFP144 - 144-pin, 20 x 20 mm low-profile quad flat package
mechanical data

millimeters inches(!)
Symbol
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

0.090 - 0.200 0.0035 - 0.0079

D 21.800 22.000 22.200 0.8583 0.8661 0.874
D1 19.800 20.000 20.200 0.7795 0.7874 0.7953
D3 - 17.500 - - 0.689 -

E 21.800 22.000 22.200 0.8583 0.8661 0.8740
E1 19.800 20.000 20.200 0.7795 0.7874 0.7953
E3 - 17.500 - - 0.6890 -

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° 3.5° 7° 0° 3.5° 7°
cce - - 0.080 - - 0.0031

1. Values in inches are converted from mm and rounded to 4 decimal digits.
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Figure 85. LQFP144 - 144-pin,20 x 20 mm low-profile quad flat package
recommended footprint
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1. Drawing is not to scale.
2. Dimensions are in millimeters.
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Device marking for LQPF144

The following figure gives an example of topside marking and pin 1 position identifier

location.

Figure 86. LQFP144 marking example (package top view)

Optional ejector hole

Product identification(1)

Pin 1 identifier ~

Revision code

K’l O R |
M STM32F4D07?Z6TL

A |

R

Optional

/ ejector hole

MSv36123V1

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.

3

DoclD022152 Rev 7

175/201




Package information STM32F405xx, STM32F407xx

6.5

176/201

UFBGA176+25 package information

Figure 87. UFBGA176+25 - 201-ball, 10 x 10 mm, 0.65 mm pitch, ultra fine pitch
ball grid array package outline
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1. Drawing is not to scale.

Table 95. UFBGA176+25 - 201-ball, 10 x 10 x 0.65 mm pitch, ultra thin fine pitch
ball grid array mechanical data

millimeters inches(!)
Symbol
Min Typ Max Min Typ Max
A - - 0.600 - - 0.0236
A1 - - 0.110 - - 0.0043
A2 - 0.450 - - 0.0177 -
A3 - 0.130 - - 0.0051 0.0094
A4 - 0.320 - - 0.0126 -
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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Table 95. UFBGA176+25 - 201-ball, 10 x 10 x 0.65 mm pitch, ultra thin fine pitch

ball grid array mechanical data (continued)

millimeters inches("
Symbol
Min Typ Max Min Typ Max
eee - - 0.150 - - 0.0059
fff - - 0.050 - - 0.0020

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

Figure 88. UFBGA176+25 - 201-ball, 10 x 10 mm, 0.65 mm pitch, ultra fine pitch
ball grid array recommended footprint
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000000000000000 [P
000000000000000 | ™"
0000 000
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0000 00000 0000
0000 O0000 0000
0000 0000
0000000000000 00
000000000000000
0000000000000 00
0000000000000 00

AOE7_FP_V1

Table 96. UFBGA176+2 recommended PCB design rules (0.65 mm pitch BGA)

Dimension Recommended values
Pitch 0.65
Dpad 0.300 mm
Dsm 0.400 mm typ. (depends on the soldermask

registration tolerance)

Note: Non solder mask defined (NSMD) pads are recommended.
4 to 6 mils solder paste screen printing process.
Stencil opening is 0.300 mm.
Stencil thickness is between 0.100 mm and 0.125 mm.
Pad trace width is 0.100 mm.
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Device marking for UFBGA176+25

The following figure gives an example of topside marking and ball A 1 position identifier
location.

Figure 89. UFBGA176+25 marking example (package top view)

Revision code
o R
Product identification(1)
[ AlsTM32
\4 FuUuo/IGHLEL
Ball Date code
A1lidentifier

o &7

MSv36124V1

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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6.6 LQFP176 package information
Figure 90. LQFP176 - 176-pin, 24 x 24 mm low profile quad flat package outline
Seating plane
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gauge plane
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1T_ME_V2
1. Drawing is not to scale.
Table 97. LQFP176 - 176-pin, 24 x 24 mm low profile quad flat package
mechanical data
millimeters inches(!
Symbol
Min Typ Max Min Typ Max
A - - 1.600 - - 0.0630
A1 0.050 - 0.150 0.0020 - 0.0059
A2 1.350 - 1.450 0.0531 - 0.0571
b 0.170 - 0.270 0.0067 - 0.0106
0.090 - 0.200 0.0035 - 0.0079
D 23.900 - 24.100 0.9409 - 0.9488
HD 25.900 - 26.100 1.0197 - 1.0276
"l DoclD022152 Rev 7 179/201




Package information STM32F405xx, STM32F407xx

Table 97. LQFP176 - 176-pin, 24 x 24 mm low profile quad flat package
mechanical data (continued)

millimeters inches(")
Symbol
Min Typ Max Min Typ Max
ZD - 1.250 - - 0.0492 -

E 23.900 - 24.100 0.9409 - 0.9488
HE 25.900 - 26.100 1.0197 - 1.0276
ZE - 1.250 - - 0.0492 -

e - 0.500 - - 0.0197 -
L) 0.450 - 0.750 0.0177 - 0.0295
L1 - 1.000 - - 0.0394 -

k 0° - 7° 0° - 7°
cce - - 0.080 - - 0.0031

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

2. L dimension is measured at gauge plane at 0.25 mm above the seating plane.
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Figure 91. LQFP176 - 176-pin, 24 x 24 mm low profile quad flat recommended

footprint
A RE
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1. Dimensions are expressed in millimeters.
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Device marking for LQFP176

The following figure gives an example of topside marking and pin 1 position identifier
location.

Figure 92. LQFP176 marking example (package top view)

Product identification(1)
[ s STM32F40716TE |
L JC 1 |
Revision code ~_ | | | | |Y |llj U | - Date code
Pin tidentifier ~_| ,l
e @
MSv36125V1

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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6.7 Thermal characteristics

The maximum chip-junction temperature, T ; max, in degrees Celsius, may be calculated
using the following equation:

Ty max =Ty max + (Pp max x ©,)
Where:

P|;,o max represents the maximum power dissipation on output pins where:
Pio max =X (VoL % lor) * Z((Vpp — Von) * lon).

Tp max is the maximum ambient temperature in °C,
0,5 is the package junction-to-ambient thermal resistance, in °C/W,
Pp max is the sum of Py max and P, max (Pp max = Pyt max + P ,omax),

P\nT max is the product of Ipp and Vpp, expressed in Watts. This is the maximum chip
internal power.

taking into account the actual Vg / I and Vgy / Ioy of the 1/Os at low and high level in the

application.
Table 98. Package thermal characteristics

Symbol Parameter Value Unit
Thermal resistance junction-ambient 46
LQFP64 - 10 x 10 mm / 0.5 mm pitch
Thermal resistance junction-ambient 43
LQFP100 - 14 x 14 mm / 0.5 mm pitch
Thermal resistance junction-ambient 40
LQFP144 - 20 x 20 mm / 0.5 mm pitch

CIN °C/W

Thermal resistance junction-ambient 38
LQFP176 - 24 x 24 mm / 0.5 mm pitch
Thermal resistance junction-ambient 39
UFBGA176 - 10x 10 mm / 0.65 mm pitch
Thermal resistance junction-ambient 38.1

WLCSP90 - 0.400 mm pitch

Reference document

JESDS51-2 Integrated Circuits Thermal Test Method Environment Conditions - Natural

Convection (Still Air). Available from www.jedec.org.
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7 Part numbering

Table 99. Ordering information scheme

Example: STM32 F 405R 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
0O =90 pins
V =100 pins
Z =144 pins
| =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

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.

3
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Appendix A  Application block diagrams

A1 USB OTG full speed (FS) interface solutions

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

Voo
5V to Vpp
Volatge regulator (1)
STM32F4xx
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! n
-
MS19000V5

1. External voltage regulator only needed when building a Vg 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

Vob
GPIO EN
PI o
Current Il'mlteq 5V Pur
Overcurrent power switch
GPIO+IRQ
STM32F4xx
VBUS 5
3
DM <
0OSC_IN PA11//PB14 :
[ DP] <
o PA12/PB15 :
Vss | @
OSC_OuT ;
S

MS19001V4

1. The current limiter is required only if the application has to support a Vgyg 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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Figure 95. USB controller configured in dual mode and used in full speed mode

Voo
5V to Vpp
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External voltage regulator only needed when building a Vgys powered device.

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

The ID pin is required in dual role only.

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.2 USB OTG high speed (HS) interface solutions

Figure 96. USB controller configured as peripheral, host, or dual-mode
and used in high speed mode

STM32F4xx
1 pp
< N FS PHY not connected
usB Hs \—1] 1 PM
OTG Ctrl —
DP
ULPI_CLK o
ULPI_D[7:0] B
> ID
ULPI_DIR USB
ULPI :ULPI STP Vaus connector
L > — > v
ULPI_NXT SS
High speed
OTG PHY —
S e N B i .
' <— PLL '
! []24 or 26 MHz XT™ !
' MCO1 or MCO2 XI :

--------------------------------------------- MS19005V2

1. ltis possible to use MCO1 or MCO2 to save a crystal. It is however not mandatory to clock the
STM32F40xxx with a 24 or 26 MHz crystal when using USB HS. The above figure only shows an example
of a possible connection.

2. The ID pin is required in dual role only.
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A3 Ethernet interface solutions
Figure 97. MIl mode using a 25 MHz crystal
STM32
MII_TX_CLK
MCU < == [\
Ethernet MIL_TX_EN ) Ethernet
MAC 10/100 MIl_TXD[3:0] PHY 10/100
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TIM2L 4 comparatgr mgl(? > )
PPS_OUT(2)
XTAL L] -PLL HCLK
25 MHZE OISC MCO1MCO2 _[PHY_CLK25 MHz |
MS19968V1
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
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1. fycLk must be greater than 25 MHz.
188/201 DoclD022152 Rev 7 K’I




STM32F405xx, STM32F407xx

Application block diagrams

3

Figure 99. RMIl with a 25 MHz crystal and PHY with PLL
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2.5 or 25 MHz|synchronous| 50 MHz

——

0SG

PLL HCLK PLL
MCO1/MCQO2 PHY_CLK 25 MHz| XT1

MS19970V1

1. fhcLk must be greater than 25 MHz.
2. The 25 MHz (PHY_CLK) must be derived directly from the HSE oscillator, before the PLL block.
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Table 100. Document revision history

Date

Revision

Changes

15-Sep-2011

1

Initial release.

24-Jan-2012

Added WLCSP90 package on cover page.

Renamed USART4 and USARTS5 into UART4 and UARTS5,
respectively.

Updated number of USB OTG HS and FS in Table 2: STM32F405xx
and STM32F407xx: features and peripheral counts.

Updated Figure 3: Compatible board design between
STM32F10xx/STM32F2/STM32F40xxx for LQFP144 package and
Figure 4: Compatible board design between STM32F2 and
STM32F40xxx for LQFP176 and BGA176 packages, and removed
note 1 and 2.

Updated Section 2.2.9: Flexible static memory controller (FSMC).
Modified I/Os used to reprogram the Flash memory for CAN2 and
USB OTG FS in Section 2.2.13: Boot modes.

Updated note in Section 2.2.14: Power supply schemes.

PDR_ON no more available on LQFP100 package. Updated

Section 2.2.16: Voltage regulator. Updated condition to obtain a
minimum supply voltage of 1.7 V in the whole document.

Renamed USART4/5 to UART4/5 and added LIN and IrDA feature for
UART4 and UARTS5 in Table 5: USART feature comparison.
Removed support of 12C for OTG PHY in Section 2.2.30: Universal
serial bus on-the-go full-speed (OTG_FS).

Added Table 6: Legend/abbreviations used in the pinout table.

Table 7: STM32F40xxx pin and ball definitions: replaced Vgg_3,
Vss_4, and Vgg_8 by Vgg; reformatted Table 7: STM32F40xxx pin and
ball definitions to better highlight I/O structure, and alternate functions
versus additional functions; signal corresponding to LQFP100 pin 99
changed from PDR_ON to Vgg; EVENTOUT added in the list of
alternate functions for all I/0s; ADC3_IN8 added as alternate function
for PF10; FSMC_CLE and FSMC_ALE added as alternate functions
for PD11 and PD12, respectively; PH10 alternate function
TIM15_CH1_ETR renamed TIM5_CH1; updated PA4 and PAS5 I/O
structure to TTa.

Removed OTG_HS_SCL, OTG_HS_SDA, OTG_FS_INTN in Table 7:
STM32F40xxx pin and ball definitions and Table 9: Alternate function
mapping.

Changed TCM data RAM to CCM data RAM in Figure 18:
STM32F40xxx memory map.

Added lypp and lygg maximum values in Table 12: Current
characteristics.

Added Note 1 related to fc g, updated Note 2 in Table 14: General
operating conditions, and added maximum power dissipation values.
Updated Table 15: Limitations depending on the operating power
supply range.
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Table 100. Document revision history (continued)

Date

Revision

Changes

24-Jan-2012

2
(continued)

Added V45 in Table 19: Embedded reset and power control block
characteristics.

Updated Table 21: Typical and maximum current consumption in Run
mode, code with data processing running from Flash memory (ART
accelerator disabled) and Table 20: Typical and maximum current
consumption in Run mode, code with data processing running from
Flash memory (ART accelerator enabled) or RAM. Added Figure
Figure 25, Figure 26, and Figure 27.

Updated Table 22: Typical and maximum current consumption in Sleep
mode and removed Note 1.

Updated Table 23: Typical and maximum current consumptions in Stop
mode and Table 24: Typical and maximum current consumptions in
Standby mode, Table 25: Typical and maximum current consumptions
in VBAT mode, and Table 27: Switching output I/O current
consumption.

Section : On-chip peripheral current consumption: modified conditions,
and updated Table 28: Peripheral current consumption and Note 2.
Changed fHSE_ext to 50 MHz and tr(HSE)/tf(HSE) maximum value in
Table 30: High-speed external user clock characteristics.

Added CiLsg)in Table 31: Low-speed external user clock
characteristics.

Updated maximum PLL input clock frequency, removed related note,
and deleted jitter for MCO for RMII Ethernet typical value in Table 36:
Main PLL characteristics. Updated maximum PLLI2S input clock
frequency and removed related note in Table 37: PLLI2S (audio PLL)
characteristics.

Updated Section : Flash memory to specify that the devices are
shipped to customers with the Flash memory erased. Updated

Table 39: Flash memory characteristics, and added tyg in Table 40:
Flash memory programming.

Updated Table 43: EMS characteristics, and Table 44: EMI
characteristics.

Updated Table 56: 12S dynamic characteristics

Updated Figure 45: ULPI timing diagram and Table 62: ULPI timing.
Added tcounTer @nd tvax counT in Table 52: Characteristics of TIMx
connected to the APB1 domain and Table 53: Characteristics of TIMx
connected to the APB2 domain. Updated Table 65: Dynamic
characteristics: Ethernet MAC signals for RMII.

Removed USB-IF certification in Section : USB OTG FS
characteristics.

3

DoclD022152 Rev 7 191/201




Revision history

STM32F405xx, STM32F407xx

192/201

Table 100. Document revision history (continued)

Date

Revision

Changes

24-Jan-2012

2
(continued)

Updated Table 61: USB HS clock timing parameters

Updated Table 67: ADC characteristics.

Updated Table 68: ADC accuracy at fADC = 30 MHz.

Updated Note 1 in Table 74: DAC characteristics.

Section 5.3.26: FSMC characteristics: updated Table 75 toTable 86,
changed C; value to 30 pF, and modified FSMC configuration for
asynchronous timings and waveforms. Updated Figure 59:
Synchronous multiplexed PSRAM write timings.

Updated Table 98: Package thermal characteristics.

Appendix A.1: USB OTG full speed (FS) interface solutions: modified
Figure 93: USB controller configured as peripheral-only and used in
Full speed mode added Note 2, updated Figure 94: USB controller
configured as host-only and used in full speed mode and added
Note 2, changed Figure 95: USB controller configured in dual mode
and used in full speed mode and added Note 3.

Appendix A.2: USB OTG high speed (HS) interface solutions: removed
figures USB OTG HS device-only connection in FS mode and USB
OTG HS host-only connection in FS mode, and updated Figure 96:
USB controller configured as peripheral, host, or dual-mode and used
in high speed mode and added Note 2.

Added Appendix A.3: Ethernet interface solutions.
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Table 100. Document revision history (continued)

Date

Revision

Changes

31-May-2012

Updated Figure 5: STM32F40xxx block diagram and Figure 7: Power
supply supervisor interconnection with internal reset OFF

Added SDIO, added notes related to FSMC and SPI/12S in Table 2:
STM32F405xx and STM32F407xx: features and peripheral counts.
Starting from Silicon revision Z, USB OTG full-speed interface is now
available for all STM32F405xx devices.

Added full information on WLCSP90 package together with
corresponding part numbers.

Changed number of AHB buses to 3.

Modified available Flash memory sizes in Section 2.2.4: Embedded
Flash memory.

Modified number of maskable interrupt channels in Section 2.2.10:
Nested vectored interrupt controller (NVIC).

Updated case of Regulator ON/internal reset ON, Regulator
ON/internal reset OFF, and Regulator OFF/internal reset ON in
Section 2.2.16: Voltage regulator.

Updated standby mode description in Section 2.2.19: Low-power
modes.

Added Note 1 below Figure 16: STM32F40xxx UFBGA176 ballout.
Added Note 1 below Figure 17: STM32F40xxx WLCSP90 ballout.
Updated Table 7: STM32F40xxx pin and ball definitions.

Added Table 8: FSMC pin definition.

Removed OTG_HS_INTN alternate function in Table 7: STM32F40xxx
pin and ball definitions and Table 9: Alternate function mapping.
Removed 12S2_WS on PB6/AF5 in Table 9: Alternate function
mapping.

Replaced JTRST by NJTRST, removed ETH_RMII _TX_CLK, and
modified 12S3ext_SD on PC11 in Table 9: Alternate function mapping.
Added Table 10: register boundary addresses.

Updated Figure 18: STM32F40xxx memory map.

Updated Vppa and Vreg+ decoupling capacitor in Figure 21: Power
supply scheme.

Added power dissipation maximum value for WLCSP90 in Table 14:
General operating conditions.

Updated Vppgr/pprin Table 19: Embedded reset and power control
block characteristics.

Updated notes in Table 21: Typical and maximum current consumption
in Run mode, code with data processing running from Flash memory
(ART accelerator disabled), Table 20: Typical and maximum current
consumption in Run mode, code with data processing running from
Flash memory (ART accelerator enabled) or RAM, and Table 22:
Typical and maximum current consumption in Sleep mode.

Updated maximum current consumption at T = 25 °n Table 23:
Typical and maximum current consumptions in Stop mode.
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Table 100. Document revision history (continued)

Date

Revision

Changes

31-May-2012

3
(continued)

Removed fysg ext typical value in Table 30: High-speed external user
clock characteristics. Updated Table 32: HSE 4-26 MHz oscillator
characteristics and Table 33: LSE oscillator characteristics (fLSE =
32.768 kHz).

Added fp | 48 oyt Maximum value in Table 36: Main PLL
characteristics.

Modified equation 1 and 2 in Section 5.3.11: PLL spread spectrum
clock generation (SSCG) characteristics.

Updated Table 39: Flash memory characteristics, Table 40: Flash
memory programming, and Table 41: Flash memory programming with
VPP.

Updated Section : Output driving current.

Table 56: I°C characteristics: Note 4 updated and applied to thispa) in
Fast mode, and removed note 4 related to t, gpa) Minimum value.
Updated Table 67: ADC characteristics. Updated note concerning ADC
accuracy vs. negative injection current below Table 68: ADC accuracy
at fADC = 30 MHz.

Added WLCSP90 thermal resistance in Table 98: Package thermal
characteristics.

Updated Table 90: WLCSP90 - 4.223 x 3.969 mm, 0.400 mm pitch
wafer level chip scale package mechanical data.

Updated Figure 87: UFBGA176+25 - 201-ball, 10 x 10 mm, 0.65 mm
pitch, ultra fine pitch ball grid array package outline and Table 95:
UFBGA176+25 - 201-ball, 10 x 10 x 0.65 mm pitch, ultra thin fine pitch
ball grid array mechanical data.

Added Figure 91: LQFP176 - 176-pin, 24 x 24 mm low profile quad flat
recommended footprint.

Removed 256 and 768 Kbyte Flash memory density from Table 99:
Ordering information scheme.

)
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Table 100. Document revision history (continued)

Date

Revision

Changes

04-Jun-2013

Modified Note 1 below Table 2: STM32F405xx and STM32F407xx:
features and peripheral counts.

Updated Figure 4 title.
Updated Note 3 below Figure 21: Power supply scheme.

Changed simplex mode into half-duplex mode in Section 2.2.25: Inter-
integrated sound (12S).

Replaced DAC1_OUT and DAC2_OUT by DAC_OUT1 and
DAC_OUT2, respectively.

Updated pin 36 signal in Figure 15: STM32F40xxx LQFP176 pinout.

Changed pin number from F8 to D4 for PA13 pin in Table 7:
STM32F40xxx pin and ball definitions.

Replaced TIM2_CH1/TIM2_ETR by TIM2_CH1_ETR for PAO and PA5
pins in Table 9: Alternate function mapping.

Changed system memory into System memory + OTP in Figure 18:
STM32F40xxx memory map.

Added Note 1 below Table 16: VCAP_1/VCAP_2 operating conditions.
Updated Ippa description in Table 74: DAC characteristics.

Removed PA9/PB13 connection to VBUS in Figure 93: USB controller
configured as peripheral-only and used in Full speed mode and
Figure 94: USB controller configured as host-only and used in full
speed mode.

Updated SPI throughput on front page and Section 2.2.24: Serial
peripheral interface (SPI)

Updated operating voltages in Table 2: STM32F405xx and
STM32F407xx: features and peripheral counts

Updated note in Section 2.2.14: Power supply schemes
Updated Section 2.2.15: Power supply supervisor

Updated “Regulator ON” paragraph in Section 2.2.16: Voltage
regulator

Removed note in Section 2.2.19: Low-power modes

Corrected wrong reference manual in Section 2.2.28: Ethernet MAC
interface with dedicated DMA and IEEE 1588 support

Updated Table 15: Limitations depending on the operating power
supply range

Updated Table 24: Typical and maximum current consumptions in
Standby mode

Updated Table 25: Typical and maximum current consumptions in
VBAT mode

Updated Table 37: PLLI2S (audio PLL) characteristics
Updated Table 44: EMI characteristics

Updated Table 49: Output voltage characteristics
Updated Table 51: NRST pin characteristics

Updated Table 55: SPI dynamic characteristics
Updated Table 56: 12S dynamic characteristics
Deleted Table 59

Updated Table 62: ULPI timing

Updated Figure 46: Ethernet SMI timing diagram
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Table 100. Document revision history (continued)

Date

Revision

Changes

04-Jun-2013

4
(continued)

Updated Figure 87: UFBGA176+25 - 201-ball, 10 x 10 mm, 0.65 mm
pitch, ultra fine pitch ball grid array package outline

Updated Table 95: UFBGA176+25 - 201-ball, 10 x 10 x 0.65 mm pitch,
ultra thin fine pitch ball grid array mechanical data

Updated Figure 5: STM32F40xxx block diagram
Updated Section 2: Description

Updated footnote @) in Table 2: STM32F405xx and STM32F407xx:
features and peripheral counts

Updated Figure 3: Compatible board design between
STM32F10xx/STM32F2/STM32F40xxx for LQFP144 package

Updated Figure 4: Compatible board design between STM32F2 and
STM32F40xxx for LQFP176 and BGA176 packages

Updated Section 2.2.14: Power supply schemes

Updated Section 2.2.15: Power supply supervisor

Updated Section 2.2.16: Voltage regulator, including figures.

Updated Table 14: General operating conditions, including footnote @),
Updated Table 15: Limitations depending on the operating power
supply range, including footnote @),

Updated footnote (in Table 67: ADC characteristics.

Updated footnote @) in Table 68: ADC accuracy at fADC = 30 MHz.
Updated footnote (in Table 74: DAC characteristics.

Updated Figure 9: Regulator OFF.

Updated Figure 7: Power supply supervisor interconnection with
internal reset OFF.

Added Section 2.2.17: Regulator ON/OFF and internal reset ON/OFF
availability.

Updated footnote @) of Figure 21: Power supply scheme.

Replaced respectively “12S3S_WS" by "I12S3_WS”, “12S3S_CK” by
“12S83_CK” and “FSMC_BLN1” by “FSMC_NBL1” in Table 9: Alternate
function mapping.

Added “EVENTOUT” as alternate function “AF15” for pin PC13, PC14,
PC15, PHO, PH1, PI8 in Table 9: Alternate function mapping
Replaced “DCMI_12” by “DCMI_D12” in Table 7: STM32F40xxx pin
and ball definitions.

Removed the following sentence from Section : 12C interface

characteristics: "Unless otherwise specified, the parameters

given in Table 56 are derived from tests performed under the

ambient temperature, fpc k1 frequency and Vpp supply voltage

conditions summarized in Table 14.”.

In Table 7: STM32F40xxx pin and ball definitions on page 46:

— For pin PC13, replaced “RTC_AF1” by “RTC_OUT, RTC_TAMP1,
RTC_TS”

— for pin PI8, replaced “RTC_AF2” by “RTC_TAMP1, RTC_TAMP2,
RTC_TS”.

— for pin PB15, added RTC_REFIN in Alternate functions column.

In Table 9: Alternate function mapping on page 61, for port
PB15, replaced “RTC_50Hz” by “RTC_REFIN”.
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Table 100. Document revision history (continued)

Date

Revision

Changes

04-Jun-2013

4
(continued)

Updated Figure 6: Multi-AHB matrix.

Updated Figure 7: Power supply supervisor interconnection with
internal reset OFF

Changed 1.2 V to V45 in Section : Regulator OFF
Updated LQFP176 pin 48.

Updated Section 1: Introduction.

Updated Section 2: Description.

Updated operating voltage in Table 2: STM32F405xx and
STM32F407xx: features and peripheral counts.

Updated Note 1.

Updated Section 2.2.15: Power supply supervisor.

Updated Section 2.2.16: Voltage regulator.

Updated Figure 9: Regulator OFF.

Updated Table 3: Regulator ON/OFF and internal reset ON/OFF
availability.

Updated Section 2.2.19: Low-power modes.

Updated Section 2.2.20: VBAT operation.

Updated Section 2.2.22: Inter-integrated circuit interface (1°C) .
Updated pin 48 in Figure 15: STM32F40xxx LQFP176 pinout.
Updated Table 6: Legend/abbreviations used in the pinout table.
Updated Table 7: STM32F40xxx pin and ball definitions.
Updated Table 14: General operating conditions.

Updated Table 15: Limitations depending on the operating power
supply range.

Updated Section 5.3.7: Wakeup time from low-power mode.
Updated Table 34: HSI oscillator characteristics.

Updated Section 5.3.15: I/O current injection characteristics.
Updated Table 48: I/O static characteristics.

Updated Table 51: NRST pin characteristics.

Updated Table 56: I°C characteristics.

Updated Figure 39: I2C bus AC waveforms and measurement circuit.
Updated Section 5.3.19: Communications interfaces.

Updated Table 67: ADC characteristics.

Added Table 70: Temperature sensor calibration values.

Added Table 73: Internal reference voltage calibration values.
Updated Section 5.3.26: FSMC characteristics.

Updated Section 5.3.28: SD/SDIO MMC card host interface (SDIO)
characteristics.

Updated Table 23: Typical and maximum current consumptions in Stop
mode.

Updated Section : SPI interface characteristics included Table 55.
Updated Section : I12S interface characteristics included Table 56.
Updated Table 64: Dynamic characteristics: Eternity MAC signals for
SMI.

Updated Table 66: Dynamic characteristics: Ethernet MAC signals for
Mil.
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Table 100. Document revision history (continued)

Date

Revision

Changes

04-Jun-2013

4
(continued)

Updated Table 64: Dynamic characteristics: Eternity MAC signals for
SMi.

Updated Table 66: Dynamic characteristics: Ethernet MAC signals for
Mil.

Updated Table 79: Synchronous multiplexed NOR/PSRAM read
timings.

Updated Table 80: Synchronous multiplexed PSRAM write timings.
Updated Table 81: Synchronous non-multiplexed NOR/PSRAM read
timings.

Updated Table 82: Synchronous non-multiplexed PSRAM write
timings.

Updated Section 5.3.27: Camera interface (DCMI) timing specifications
including Table 87: DCMI characteristics and addition of Figure 72:
DCMI timing diagram.

Updated Section 5.3.28: SD/SDIO MMC card host interface (SDIO)
characteristics including Table 88.

Updated Chapter Figure 9.

)
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Table 100. Document revision history (continued)

Date

Revision

Changes

06-Mar-2015

Replace Cortex-M4F by Cortex-M4 with FPU throughout the
document.

Updated Section : Regulator OFF and Table 3: Regulator ON/OFF and
internal reset ON/OFF availability for LQFP176.

Updated Figure 15: STM32F40xxx LQFP176 pinout and Table 7:
STM32F40xxx pin and ball definitions.

Updated Figure 6: Multi-AHB matrix.

Added note 1 below Figure 12: STM32F40xxx LQFP64 pinout,

Figure 13: STM32F40xxx LQFP100 pinout, Figure 14: STM32F40xxx
LQFP144 pinout and Figure 15: STM32F40xxx LQFP176 pinout.
Updated lypp and lygg in Table 12: Current characteristics.

Updated PLS[2:0]=101 (falling edge) configuration in Table 19:
Embedded reset and power control block characteristics.

Added Section : Additional current consumption. Updated Section :
On-chip peripheral current consumption.

Updated Table 29: Low-power mode wakeup timings.

Updated Table 32: HSE 4-26 MHz oscillator characteristics and

Table 33: LSE oscillator characteristics (fLSE = 32.768 kHz).

Changed condition related to Vesp(cpm) in Table 45: ESD absolute
maximum ratings.

Updated Table 47: I/O current injection susceptibility, Table 48: I/O
static characteristics, Table 49: Output voltage characteristics
conditions, Table 50: I/0 AC characteristics and Figure 37: 1/0 AC
characteristics definition.

Updated Section : 12C interface characteristics.

Remove note 3 in Table 69: Temperature sensor characteristics.
Updated Figure 72: DCMI timing diagram.

Modified Figure 75: WLCSP90 - 4.223 x 3.969 mm, 0.400 mm pitch
wafer level chip scale package outline and Table 90: WLCSP90 - 4.223
x 3.969 mm, 0.400 mm pitch wafer level chip scale package
mechanical data. Added Figure 76: WLCSP90 - 4.223 x 3.969 mm,
0.400 mm pitch wafer level chip scale recommended footprint and
Table 91: WLCSP90 recommended PCB design rules. /

Modified Figure 78: LQFP64 — 64-pin, 10 x 10 mm low-profile quad flat
package outline and Table 92: LQFP64 — 64-pin 10 x 10 mm low-profile
quad flat package mechanical data.

Updated Figure 87: UFBGA176+25 - 201-ball, 10 x 10 mm, 0.65 mm
pitch, ultra fine pitch ball grid array package outline and Table 95:
UFBGA176+25 - 201-ball, 10 x 10 x 0.65 mm pitch, ultra thin fine pitch
ball grid array mechanical data. Added Figure 88: UFBGA176+25 -
201-ball, 10 x 10 mm, 0.65 mm pitch, ultra fine pitch ball grid array
recommended footprint and Table 96: UFBGA176+2 recommended
PCB design rules (0.65 mm pitch BGA).

Updated Figure 90: LQFP176 - 176-pin, 24 x 24 mm low profile quad
flat package outline.

Added Section : Device marking for WLCSP90, Section : Device
marking for LQFP64, Section : Device marking for LFP100, Section :
Device marking for LQPF144, Section : Device marking for
UFBGA176+25 and Section : Device marking for LQFP176.
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Date

Revision

Changes

22-Oct-2015

In the whole document, updated notes related to values guaranteed by
design or by characterization.

Updated Table 34: HSI oscillator characteristics.

Changed fyco oyt minimum value and VCO freq to 100 MHz in

Table 36: Main PLL characteristics and Table 37: PLLI2S (audio PLL)
characteristics.

Updated Figure 39: SPI timing diagram - slave mode and CPHA = 0.
Updated Figure 53: 12-bit buffered /non-buffered DAC.

Removed note 1 related to better performance using a restricted Vpp
range in Table 68: ADC accuracy at fADC = 30 MHz.

Upated Figure 84: LQFP144 - 144-pin, 20 x 20 mm low-profile quad flat
package outline.

Updated Figure 87: UFBGA176+25 - 201-ball, 10 x 10 mm, 0.65 mm
pitch, ultra fine pitch ball grid array package outline and Table 95:
UFBGA176+25 - 201-ball, 10 x 10 x 0.65 mm pitch, ultra thin fine pitch
ball grid array mechanical data.

16-Mar-2016

Updated Figure 2: Compatible board design
STM32F10xx/STM32F2/STM32F40xxx for LQFP100 package.

Updated |Vssx—Vss| in Table 11: Voltage characteristics to add Vggr_.
Added Vger_in Table 67: ADC characteristics.

Updated Table 90: WLCSP90 - 4.223 x 3.969 mm, 0.400 mm pitch
wafer level chip scale package mechanical data.
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