STMicroelectronics - STM32F446ZEH6TR Datasheet

Details

Product Status

Core Processor

Core Size

Speed

Connectivity

Peripherals

Number of I/O

Program Memory Size
Program Memory Type
EEPROM Size

RAM Size

Voltage - Supply (Vcc/Vdd)
Data Converters
Oscillator Type
Operating Temperature
Mounting Type

Package / Case

Supplier Device Package

Purchase URL

Email: info@E-XFL.COM

Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Active

ARM® Cortex®-M4

32-Bit Single-Core

180MHz

CANbus, EBI/EMI, I2C, IrDA, LINbus, SAI, SD, SPDIF-Rx, SPI, UART/USART, USB, USB OTG
Brown-out Detect/Reset, DMA, I2S, LVD, POR, PWM, WDT
114

512KB (512K x 8)

FLASH

128K x 8

1.7V ~ 3.6V

A/D 24x12b; D/A 2x12b

Internal

-40°C ~ 85°C (TA)

Surface Mount

144-UFBGA

144-UFBGA (7x7)

https://www.e-xfl.com/product-detail/stmicroelectronics/stm32f446zeh6tr

Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong



https://www.e-xfl.com/product/pdf/stm32f446zeh6tr-4414046
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers

Contents STM32F446xC/E

Contents
1 Introduction . .......... ... e 1"
2 Description . . ... ... i i e e 12
21 Compatibility with STM32F4 family ............... ... . ... ...... 14
3 Functionaloverview . ............ . . it iiiinnnns 17
3.1 ARM® Cortex®-M4 with FPU and embedded Flash and SRAM .. ... .. 17
3.2  Adaptive real-time memory accelerator (ART Accelerator™) ......... 17
3.3 Memory protectionunit . . ......... ... . . 17
3.4 Embedded Flashmemory ......... ... ... ... . . . . . . i . 18
3.5 CRC (cyclic redundancy check) calculationunit ................... 18
3.6 Embedded SRAM . . ... . . .. 18
3.7 Multi-AHB bus matrix . .......... .. .. 18
3.8 DMA controller (DMA) . . ... 19
3.9 Flexible memory controller (FMC) . ...... ... ... ... ... ... ...... 20
3.10 Quad SPI memory interface (QUADSPI) ......... ... ... ... .... 20
3.11  Nested vectored interrupt controller (NVIC) .. ..................... 21
3.12 External interrupt/event controller (EXTI) ......................... 21
313 Clocksandstartup ........ ... ... 21
314 Bootmodes ........... . ... 22
3.15 Power supply schemes . ......... ... ... 22
3.16  Power supply SUPErVISOr . . ... ... e 23
3.16.1  Internalreset ON . ... ... . . . .. 23
3.16.2 Internalreset OFF . ... . ... . . . . .. e 23
3.17 Voltageregulator . ..... ... .. 24
3.17.1 Regulator ON . ... ... e 24
3.17.2 Regulator OFF . .. ... e 25
3.17.3 Regulator ON/OFF and internal reset ON/OFF availability .......... 27
3.18 Real-time clock (RTC), backup SRAM and backup registers . .. ....... 28
3.19  Low-power modes . ... ...t 29
3.20 Vpgapoperation .. ... ... 29
3.21 Timersandwatchdogs .......... ... . . . . i 31

2/202 DoclD027107 Rev 6 ‘Yl




STM32F446xC/E List of tables

Table 43.
Table 44.
Table 45.
Table 46.
Table 47.
Table 48.
Table 49.
Table 50.
Table 51.
Table 52.
Table 53.
Table 54.
Table 55.
Table 56.
Table 57.
Table 58.
Table 59.
Table 60.
Table 61.
Table 62.
Table 63.
Table 64.
Table 65.
Table 66.
Table 67.
Table 68.
Table 69.
Table 70.
Table 71.
Table 72.
Table 73.
Table 74.
Table 75.
Table 76.
Table 77.
Table 78.
Table 79.
Table 80.
Table 81.
Table 82.
Table 83.
Table 84.
Table 85.
Table 86.

Table 87.

Table 88.
Table 89.

Table 90.
Table 91.

Lys

Main PLL characteristics. . . . ... ... e 108
PLLI2S (audio PLL) characteristics . ........... ... .. . . ... 109
PLLISAI characteristiCs. . . . ... ..o 110
SSCG parameters constraint . . .......... ... 111
Flash memory characteristics. . . ......... ... . . . 112
Flash memory programming. . ... ... .o e 113
Flash memory programming with Vep 113
Flash memory endurance and dataretention. . . ............. ... ... ... ... ....... 114
EMS characteristics . .. ... .. e 115
EMI characteristics . . . ... ... 116
ESD absolute maximum ratings . . .. ... 116
Electrical sensitivities . . .. ... ... 117
I/0O current injection susceptibility . . .. ... ... 117
I/O static characteristics . . . ... .. .. . 118
Output voltage characteristics .. ......... ... 121
/O AC characteristiCs . . . . . ... . 121
NRST pin characteristics .. .......... .. . . . . e i 123
TIMx characteristics . . .. ... e 124
I2C CharaCteriStics. . . . . .. oottt e e e e e e e 125
FMPI?C CharacteriStics . . . . .. ..o\ o it e e e e e 127
SPldynamic characteristics . . . ....... ... . . . . . . 129
QSPI dynamic characteristicsin SDRMode. . ... ... ... . i 132
QSPI dynamic characteristicsinDDRMode . .......... ... .. .. i, 132
12S dynamic CharacteriStiCs . . ... ... ... e 133
SAlcharacteristiCs . . ... . e 136
USB OTGfullspeed startup time . .. ... ... . e 137
USB OTG full speed DC electrical characteristics .. ............................ 138
USB OTG full speed electrical characteristics .. ............... ... ... .......... 139
USB HS DC electrical characteristics. . . .. ... .. 139
USB HS clock timing parameters . . . ... 139
Dynamic characteristics: USB ULPI . . . ... ... .. ... . . . . . .. 140
ADC characteristiCs . .. ... .. e 141
ADC staticaccuracy atfapc =18 MHz. . .. ... ... .. . 142
ADC staticaccuracy atfapc =30 MHz. ... ... ... .. 143
ADC staticaccuracy atfapc =36 MHz. . .. ... ... .. 143
ADC dynamic accuracy at fapc = 18 MHz - limited test conditions ... .............. 143
ADC dynamic accuracy at faopc = 36 MHz - limited test conditions ... .............. 143
Temperature sensor characteristics . . .. ....... ... ... ... .. . .. .. 147
Temperature sensor calibration values. . .......... ... .. ... . .. . . 147
Vpgat Monitoring characteristics . ............. .. .. . . 148
internal reference voltage . .. .......... . . . . e 148
Internal reference voltage calibrationvalues .................. ... ... .. ........ 148
DAC characteristiCs . . ... ... e 148
Asynchronous non-multiplexed SRAM/PSRAM/NOR -
read timings . ... e 154
Asynchronous non-multiplexed SRAM/PSRAM/NOR read -
NWAIT iMINgS . . .. e 154
Asynchronous non-multiplexed SRAM/PSRAM/NOR write timings . ................ 155
Asynchronous non-multiplexed SRAM/PSRAM/NOR write -
NWAIT iMINgS . ... e 156
Asynchronous multiplexed PSRAM/NOR read timings. .. ........................ 157
Asynchronous multiplexed PSRAM/NOR read-NWAIT timings . .. ................. 157
DocID027107 Rev 6 9/202




STM32F446xC/E

Functional overview

Figure 8. Startup in regulator OFF: slow Vpp slope
power-down reset risen after Voap 1/Vcap 2 stabilization
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1. This figure is valid whatever the internal reset mode (ON or OFF).
Figure 9. Startup in regulator OFF mode: fast Vpp slope
power-down reset risen before Vecap 1/Vcap 2 stabilization
A Voo
PDR=17Vor1.8V [----- /
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— i time
b NRST ;
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3.17.3

1. This figure is valid whatever the internal reset mode (ON or OFF).

Regulator ON/OFF and internal reset ON/OFF availability

Table 4. Regulator ON/OFF and internal reset ON/OFF availability

3

Package Regulator ON Regulator OFF | Internal reset ON | Internal reset OFF
LQFP64
LQFP100 Yes No Yes No
DocID027107 Rev 6 27/202




Functional overview STM32F446xC/E

Note: When the microcontroller is supplied from Vga7, external interrupts and RTC alarm/events
do not exit it from Vgt operation.
When PDR_ON pin is not connected to Vpp (Internal Reset OFF), the Vgat functionality is
no more available and Vgar pin should be connected to VDD.

3
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Functional overview STM32F446xC/E

3.211 Advanced-control timers (TIM1, TIM8)

The advanced-control timers (TIM1, TIM8) can be seen as three-phase PWM generators
multiplexed on 6 channels. They have complementary PWM outputs with programmable
inserted dead times. They can also be considered as complete general-purpose timers.
Their 4 independent channels can be used for:

e Input capture

e  Output compare

e PWM generation (edge- or center-aligned modes)

e  One-pulse mode output

If configured as standard 16-bit timers, they have the same features as the general-purpose
TIMx timers. If configured as 16-bit PWM generators, they have full modulation capability (0-
100%).

The advanced-control timer can work together with the TIMx timers via the Timer Link
feature for synchronization or event chaining.

TIM1 and TIM8 support independent DMA request generation.

3.21.2 General-purpose timers (TIMx)

There are ten synchronized general-purpose timers embedded in the STM32F446xC/E

devices (see Table 6 for differences).

e TIM2, TIM3, TIM4, TIM5
The STM32F446xC/E include 4 full-featured general-purpose timers: TIM2, TIM5,
TIM3, and TIM4.The TIM2 and TIM5 timers are based on a 32-bit auto-reload
up/downcounter and a 16-bit prescaler. The TIM3 and TIM4 timers are based on a 16-
bit auto-reload up/downcounter and a 16-bit prescaler. They all feature 4 independent
channels for input capture/output compare, PWM or one-pulse mode output. This gives
up to 16 input capture/output compare/PWMs on the largest packages.
The TIM2, TIM3, TIM4, TIM5 general-purpose timers can work together, or with the
other general-purpose timers and the advanced-control timers TIM1 and TIM8 via the
Timer Link feature for synchronization or event chaining.
Any of these general-purpose timers can be used to generate PWM outputs.

TIM2, TIM3, TIM4, TIM5 all have independent DMA request generation. They are
capable of handling quadrature (incremental) encoder signals and the digital outputs
from 1 to 4 hall-effect sensors.

e TIM9, TIM10, TIM11, TIM12, TIM13, and TIM14

These timers are based on a 16-bit auto-reload upcounter and a 16-bit prescaler.
TIM10, TIM11, TIM13, and TIM14 feature one independent channel, whereas TIM9
and TIM12 have two independent channels for input capture/output compare, PWM or
one-pulse mode output. They can be synchronized with the TIM2, TIM3, TIM4, TIM5
full-featured general-purpose timers. They can also be used as simple time bases.

3.21.3 Basic timers TIM6 and TIM7

These timers are mainly used for DAC trigger and waveform generation. They can also be
used as a generic 16-bit time base.

TIM6 and TIM7 support independent DMA request generation.

3
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Pinout and pin description

Figure 12. STM32F446xC LQFP144 pinout
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3

1.

The above figure shows the package top view.
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Pinout and pin description

Table 10. STM32F446xx pin and ball descriptions (continued)

Pin Number

LQFP64

LQFP100
WLCSP 81
UFBGA144

LQFP144

Pin name (function
after reset)

Pin type

1/0 structure

Notes

Alternate functions

Additional
functions

17

26 | E6 | M2

37

PA3

110

FT

TIM2_CH4, TIM5_CH4,
TIM9_CH2, SAI1_FS_A,
USART2_RX,
OTG_HS_ULPI_DO,
EVENTOUT

ADC123_IN3

18

27| - | G4

38

VSS

H5

BYPASS_REG

FT

19

28 | - | F4

39

VDD

20

29 | H7 | J3

40

PA4

I/0

TC

SPI1_NSS/I2S1_WS,
SPI3_NSS/I2S3_WS,
USART2_CK,
OTG_HS_SOF,
DCMI_HSYNC,
EVENTOUT

ADC12_IN4,
DAC_OUT1

21

30 | F6 | K3

41

PAS5

I/0

TC

TIM2_CH1/TIM2_ETR,
TIM8_CH1N,
SPI1_SCK/I2S1_CK,
OTG_HS_ULPI_CK,
EVENTOUT

ADC12_INS5,
DAC_OUT2

22

31 | G6 | L3

42

PAG6

I/0

FT

TIM1_BKIN, TIM3_CHf,
TIM8_BKIN, SPI1_MISO,
1252_MCK, TIM13_CH1,
DCMI_PIXCLK,
EVENTOUT

ADC12_IN6

23

32 | E5 | M3

43

PA7

110

FT

TIM1_CH1N, TIM3_CH2,
TIM8_CH1N,
SPI1_MOSI/I2S1_SD,
TIM14_CH1,
FMC_SDNWE,
EVENTOUT

ADC12_IN7

24

33 | J7 | J4

44

PC4

I/0

FT

1281_MCK, SPDIFRX_IN2,
FMC_SDNEO, EVENTOUT

ADC12_IN14

25

34 | - | Ka

45

PC5

110

FT

USART3_RX,
SPDIFRX_IN3,
FMC_SDCKEDO,

EVENTOUT

ADC12_IN15

3
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Electrical characteristics STM32F446xC/E

6.1.7 Current consumption measurement

Figure 19. Current consumption measurement scheme
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6.2 Absolute maximum ratings

Stresses above the absolute maximum ratings listed in Table 13: Voltage characteristics,
Table 14: Current characteristics, and Table 15: Thermal characteristics may cause
permanent damage to the device. These are stress ratings only and functional operation of
the device at these conditions is not implied. Exposure to maximum rating conditions for
extended periods may affect device reliability.

Table 13. Voltage characteristics

Symbol Ratings Min Max Unit
Vpo-Vss \E/);tDeljgzlar?]ziCl::Tp)m/ voltage (including Vppa, Vpp, 03 4.0
Input voltage on FT & FTf pins(?) Vgs—0.3 | Vpp+4.0
Input voltage on TTa pins Vgs—0.3 4.0 v
vin Input voltage on any other pin Vgs—0.3 4.0
Input voltage on BOOTO pin Vss 9.0
[AVppyl Variations between different Vpp power pins - 50
|[Vssx Vss| | Variations between all the different ground pins - 50 m

see Section 6.3.15:
C Absolute maximum
VEespnHem) | Electrostatic discharge voltage (human body model) ratings (electrical -

sensitivity)

1. All main power (Vpp, Vppa) and ground (Vgs, Vssa) pins must always be connected to the external power
supply, in the permitted range.

2. V)N maximum value must always be respected. Refer to Table 14 for the values of the maximum allowed
injected current.

74/202 DoclD027107 Rev 6 ‘Yl
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Typical and maximum current consumption

The MCU is placed under the following conditions:

All /O pins are in input mode with a static value at Vpp or Vgg (no load).
All peripherals are disabled except if it is explicitly mentioned.

The Flash memory access time is adjusted both to fyc k frequency and Vpp range
(see Table 17: Limitations depending on the operating power supply range).

Regulator ON

The voltage scaling and over-drive mode are adjusted to f ¢ k frequency as follows:
—  Scale 3 for fyc k <120 MHz

—  Scale 2 for 120 MHz < fyg k £144 MHz

—  Scale 1 for 144 MHz < fc k £180 MHz. The over-drive is only ON at 180 MHz.

The system clock is HCLK, fpc k1 = fhcLk/4, and fpei ko = faoLk/2.

External clock frequency is 8 MHz and PLL is ON when fyc  is higher than 16 MHz.
Flash is enabled except if explicitly mentioned as disable.

The maximum values are obtained for Vpp = 3.6 V and a maximum ambient
temperature (Tp), and the typical values for Ty= 25 °C and Vpp = 3.3 V unless
otherwise specified.

3
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STM32F446xC/E

Electrical characteristics

Table 26. Typical and maximum current consumption in Sleep mode(?) (continued)

Max
Symbol | Parameter Conditions f(HM(:-ILz})( Typ To=25 To=25 To=25 Unit
°C °C °C
180 11.36 17.59 28.2 51.6
168 | 10.20 16.19 22.0 31.8
150 9.53 15.59 21.1 30.9
1440) 8.90 14.87 19.7 28.4
Flash on 120 7.35 13.24 16.5 23.3
90 6.39 12.40 15.3 21.9
60 5.28 11.17 14.1 20.7
30 4.43 10.31 13.1 19.6
25 4.23 10.12 12.85 19.30
180 8.3 13.44 30.72 37.20
168(2) 7.3 12.25 25.16 28.80
150 6.7 11.60 24.27 27.84
f:;rpr)gm ) g’c‘)t:}:”g'u E':;g 1 144@ | 64 11.08 | 2325 | 26.28
IDD Sleep gzriarilherals Bccn)\\/,vvir 120 4.7 9.64 20.95 23.72 mA
mode disabled | mode 90 3.8 8.80 19.77 22.57
60 2.8 7.74 18.69 21.32
30 2.0 6.89 17.66 20.40
25 1.8 6.70 17.43 20.17
180 8.3 13.44 30.72 37.20
168(2) 7.3 12.25 25.16 28.80
150 6.7 11.60 24.27 27.84
Flash in 1440) 6.1 11.08 23.25 26.28
STOP 120 47 9.64 20.95 23.72
mode 90 38 8.80 19.77 22.57
60 2.8 7.74 18.69 21.32
30 2.0 6.89 17.66 20.40
25 1.8 6.70 17.43 20.17
‘Y_l DoclD027107 Rev 6 87/202
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Electrical characteristics

3

Table 48. Flash memory programming

Symbol Parameter Conditions Min(1) Typ Max(") | Unit
N Program/erase parallelism @)
torog Word programming time (PSIZE) = x 8/16/32 - 16 | 100 us
Program/erase parallelism
(PSIZE)=x8 ) 400 | 800
. Program/erase parallelism
terase1ekp | Sector (16 KB) erase time (PSIZE) = x 16 - 300 600 ms
Program/erase parallelism
(PSIZE) = x 32 - | 250 | 500
Program/erase parallelism
(PSIZE) = x 8 - 1200 | 2400
. Program/erase parallelism
terasesakp | Sector (64 KB) erase time (PSIZE) = x 16 - 700 | 1400 | ms
Program/erase parallelism
(PSIZE) = x 32 - | S50 | 1100
Program/erase parallelism ) 5 4
(PSIZE) =x 8
. Program/erase parallelism
terase128kB | Sector (128 KB) erase time (PS?ZE) =x 16 P - 1.3 26 s
Program/erase parallelism ) 1 2
(PSIZE) =x 32
Program/erase parallelism ) 8 16
(PSIZE) =x 8
. Program/erase parallelism
tvE Mass erase time (PSIZE) = x 16 - 5.5 11 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 1.7 - 3.6 \%
1. Guaranteed based on test during characterization.
2. The maximum programming time is measured after 100K erase operations.
Table 49. Flash memory programming with Vpp
Symbol Parameter Conditions Min® | Typ | Max( | Unit
torog Double word programming - 16 10012 V&
terase1ekp | Sector (16 KB) erase time Tp = 0to +40 °C - 230 -
tERASE64KB Sector (64 KB) erase time VDD =33V - 490 - ms
terasE128K | Sector (128 KB) erase time Vep =85V - 875 -
tvEe Mass erase time - 3.5 - s
Vorog Programming voltage - 2.7 - 3.6 \%
DocID027107 Rev 6 113/202
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Figure 34. I2C bus AC waveforms and measurement circuit
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1. Rg = series protection resistor.
2. Rp = external pull-up resistor.
3. Vpp joc is the 12C bus power supply.

3
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STM32F446xC/E

SAIl characteristics

Unless otherwise specified, the parameters given in Table 67 for SAl are derived from tests
performed under the ambient temperature, fpc| kx frequency and VDD supply voltage
conditions summarized in Table 16, with the following configuration:

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

Refer to Section 6.3.17: /O port characteristics for more details on the input/output alternate
function characteristics (SCK,SD,WS).

Table 67. SAI characteristics("

Symbol Parameter Conditions Min Max Unit
fmek SAI Main clock output - 256 x 8K | 256 x Fs MHz
Master data: 32 bits - 128 x Fs®
fek SAl clock frequency(® MHz
Slave data: 32 bits - 128 x Fs®)
Master mode o
2.7V<Vpp<3.6V i 14 %
ty(Fs) FS valid time
Master mode ) 175
1.71V<Vpp<3.6V '
th(Fs) FS hold time Master mode 7 -
tsu(Fs) FS setup time Slave mode 1 -
th(Fs) FS hold time Slave mode 1 -
tsusb A MR Master receiver 1 -
Su(SD_A_MR) Data input setup time
tsusb_B_sR) Slave receiver 1 -
thesb A MR Master receiver 5 -
(SDAMR) Data input hold time
thsb_B_SR) Slave receiver 1 -
= ns
Slave trasmitter (after enable edge ) 95
27V <Vpp<3.6V '
tV(SD B_ST) Data output valid time
- Slave transmitter (after enable edge ) 16
1.71V<Vpp<3.6V
thsp_s_sT) | Data output hold time Slave transmitter (after enable edge 6 -
Master transmitter (after enable edge ) 15
27V <Vpp<3.6V
tV(SD B_ST) Data output valid time
- Master transmitter (after enable edge ) 18
1.71V<Vpp<3.6V
thsp_B_sT1) | Data output hold time Master transmitter (after enable edge 7 -

1. Guaranteed based on test during characterization.

2. 256xFs maximum corresponds to 45 MHz (APB2 xaximum frequency)

3. With Fs =192 KHz

136/202
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Electrical characteristics

Table 76. ADC static accuracy at fopc = 30 MHz(")

Symbol Parameter Test conditions Typ Max(2) Unit
ET Total unadjusted error 12 5
fADC =30 MHZ, + +
EO Offset error Ra < 10 k2 +1.5 +2.5
EG Gain error Vppa=2.41t03.6V, 1.5 13 LSB
. . . . VREF =1.7t03.6 V,

ED Differential linearity error Vppa —Veer < 1.2 V +1 +2
EL Integral linearity error 1.5 +3

1. Better performance could be achieved in restricted Vpp, frequency and temperature ranges.

2. Guaranteed based on test during characterization.

Table 77. ADC static accuracy at fopc = 36 MHz(")
Symbol Parameter Test conditions Typ | Max® | uUnit
ET Total unadjusted error 4 7
EO |Offset error {?DC =32 THZ’3 5V 2 +3
DDA = 4. to 3. y
i LSB

EG |Gain error Veer = 1.7103.6 V *3 *6
ED | Differential linearity error Vppa—VRep< 1.2V 12 3
EL Integral linearity error 3 16

1. Better performance could be achieved in restricted Vpp, frequency and temperature ranges.

2. Guaranteed based on test during characterization.

Table 78. ADC dynamic accuracy at fopc = 18 MHz - limited test conditions(")

Symbol Parameter Test conditions Min Typ | Max | Unit
ENOB Effective number of bits fapc =18 MHz 10.3 | 104 - bits
SINAD | Signal-to-noise and distortion ratio Vppa = VRregs= 1.7V 64 64.2 -

SNR | Signal-to-noise ratio Input Frequency = 20 KHz 64 65 - dB
THD | Total harmonic distortion Temperature = 25 °C 67 | -72 | -
1. Guaranteed based on test during characterization.
Table 79. ADC dynamic accuracy at fopc = 36 MHz - limited test conditions(!)

Symbol Parameter Test conditions Min Typ Max | Unit
ENOB Effective number of bits fApc =36 MHz 10.6 10.8 - bits
SINAD Signal-to noise and distortion ratio Vopa = Vrers = 3.3V 66 67 -

SNR Signal-to noise ratio Input Frequency = 20 KHz 64 68 - dB
THD | Total harmonic distortion Temperature =25 °C 270 | -2 | -

1. Guaranteed based on test during characterization.

Note:

S74

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
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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 Ijyypiny and Zlinyeiny in
Section 6.3.17 does not affect the ADC accuracy.

Figure 45. ADC accuracy characteristics

VREF+ , . VDDA
[1LSB =——— (or ——— depending on package)]
IDEAL™ 006 4096
A
4095 —f - - - - - - - - - - - - - - - - - - - s s - - - = - i
1
4094 — '
4093 | :
/ 1
= ;
1
7 1
1
6 1 1
5 - 1
4 1
3 '
2 - '
1 :
| -
0 I | o
4093 4094 4095 4096
Vs VD
ai14395¢
1. See also Table 76.
2. Example of an actual transfer curve.
3. Ideal transfer curve.
4. End point correlation line.
5. Ep = 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.
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Figure 51. Asynchronous non-multiplexed SRAM/PSRAM/NOR write waveforms

tw(NE) >
FMC_NEx :\ /_
FMC_NOE _/
e— ty(NWE_NE tw(NWE)—>te »Lth(NE_NWE)
FMC_NWE 1 /_
> ty(A_NE) th(A_NWE)]
FMC_A[25:0] I Address
> tv(BL_NE) th(BL_NWE)Te—>
FMC_NBL[1:0] T NBL X
le——tv(Data_ NEy—{ th(Data_NWE)
FMC_DI[15:0] Data
ty(NADV_NE)

tw(NADV)

FMC_NADV (1)

FMC_NWAIT

th(NE_NWAIT) —]

tsu(NWAIT_NE) — |

MS32754V1

1. Mode 2/B, C and D only. In Mode 1, FMC_NADV is not used.

Table 88. Asynchronous non-multiplexed SRAM/PSRAM/NOR write timings(1(2)

Symbol Parameter Min Max Unit
tw(NE) FMC_NE low time 3Tholk-2 |3 Tholk 10.5
tynwe_Ne)y | FMC_NEX low to FMC_NWE low Thelk=0.5 | THok + 0.5
tw(NWE) FMC_NWE low time TheLk Thelkt 0.5
thnve_Nwe) | FMC_NWE high to FMC_NE high hold time Tholk + 0.5 -
tya_NE) FMC_NEXx low to FMC_A valid - 0
tha Nwey | Address hold time after FMC_NWE high THewk - 0.5 - o
ty(BL NE) FMC_NEx low to FMC_BL valid - 1
theL_NWE) FMC_BL hold time after FMC_NWE high Thelk + 0.5 -
typata NEy | Data to FMC_NEX low to Data valid - Tholk + 2
th(Data_NWE) Data hold time after FMC_NWE high Thelk + 0.5 -
tynapv NE)y | FMC_NEx low to FMC_NADV low - 0
tw(NADV) FMC_NADYV low time - ThoLk+ 0.5
1. C_=30pF.

2. Guaranteed based on test during characterization.
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Figure 60. NAND controller waveforms for common memory read access

FMC_NCEx \ /
ALE (FMC_A17)
CLE (FMC_A16)
-d(ALE-NOE) . th(NOE-ALE)
FMC_NWE /
FMC_NOE /

FMC_D[15:0]

<«— tw(NOE—>

/' N

tsu(D-NOE) th(NOE-D)

)7

MS32769V1

"

Figure 61. NAND controller waveforms for common memory write access

FMC_NCEXx \ /

ALE (FMC_A17)
CLE (FMC_A16) ﬁ f
td(ALE-NOE) e tw(NWEy—> th(NOE-ALE)

\ /

FMC_NWE _/

FMC_N OE _/
4—td(D-NWE—P

ty(NWE-D) 4—th(NWE-
FMC_D[15:0]

MS32770V1

Table 98. Switching characteristics for NAND Flash read cycles“)

Symbol Parameter Min Max Unit
tynog) | FMC_NOE low width 4THek—0.5| 4Tk + 0.5
tsuo-NoE) | FMC_D[15-0] valid data before FMC_NOE high 9 -
thinoe-p) | FMC_D[15-0] valid data after FMC_NOE high 25 - ns
tyaLe-NoE) | FMC_ALE valid before FMC_NOE low - 3THek - 0.5
thnoE-ALE) | FMC_NWE high to FMC_ALE invalid 3Thok—2 -
1. C_=30pF.

3
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6.3.28

3

Figure 64. DCMI timing diagram

1/DCMI_PIXCLK
«»

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

—PH— tsu(HS:YNC) thHsyne) —’;—;4—
DCMI_HSYNC _\___/—\_ ______________ /TN
—Pﬂ— tsu(vswz%NC) th(HSYNC)-’%—H—
DCMI_VSYNC \ | § /X
‘ tsu(pATA‘ | thDATA) ‘

DATA:13] X X X X X X

MS32414V2

SD/SDIO MMC card host interface (SDIO) characteristics

Unless otherwise specified, the parameters given in Table 105 for the SDIO are derived
from tests performed under the ambient temperature, fpoc| k2 frequency and Vpp supply
voltage conditions summarized in Table 16, 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 6.3.17: I/O port characteristics for more details on the input/output
characteristics.

Figure 65. SDIO high-speed mode

tW(CKH) > f tW(CKL)
tov—> toH
D, CMD
(output) ><

tisy—> tH
D, CMD X

(input)

A

ai14887
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Device marking for LQFP64

The following figure gives an example of topside marking orientation versus pin 1 identifier
location.

Other optional marking or inset/upset marks, which identify the parts throughout supply
chain operations, are not indicated below.

Figure 69. LQFP64 marking example (package top view)

| Revision code
Product identification(” A «— |
\
7™ STM32F44k
S RETH
| Date code
Pin 1 identifier Y| W ¢

@ O

MSv36549V1

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
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Application block diagrams

A.2

3

USB OTG high speed (HS) interface solutions

Figure 88. USB controller configured as peripheral, host, or dual-mode
and used in high speed mode

STM32F4xx
| 1 DP
< N FS PHY not connected
USBHS|N—V | DM
OTG Ctrl
ULPI_CLK
ULPI_D[7:0]
ULPI_DIR
ULPI <
ULPI_STP
<I::> ULPI_NXT
_________________ Xt

[]24 or 26 MHz XT("

MCO1 or MCO2

> XI

High speed
OTG PHY

_____________________________________________

usB
connector

MS19005V2

1. ltis possible to use MCO1 or MCO2 to save a crystal. It is however not mandatory to clock the

STM32F446xx with a 24 or 26 MHz crystal when using USB HS. The above figure only shows an example

of a possible connection.

The ID pin is required in dual role only.
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