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Nested vectored interrupt controller (NVIC)

The devices embed a nested vectored interrupt controller able to manage 16 priority levels,
and handle up to 91 maskable interrupt channels plus the 16 interrupt lines of the Cortex®-
M4 with FPU core.

e  Closely coupled NVIC gives low-latency interrupt processing

e Interrupt entry vector table address passed directly to the core

e Allows early processing of interrupts

e  Processing of late arriving, higher-priority interrupts

e  Support tail chaining

e  Processor state automatically saved

e Interrupt entry restored on interrupt exit with no instruction overhead

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

External interrupt/event controller (EXTI)

The external interrupt/event controller consists of 23 edge-detector lines used to generate
interrupt/event requests. Each line can be independently configured to select the trigger
event (rising edge, falling edge, both) and can be masked independently. A pending register
maintains the status of the interrupt requests. The EXTI can detect an external line with a
pulse width shorter than the Internal APB2 clock period. Up to 114 GPIOs can be connected
to the 16 external interrupt lines.

Clocks and startup

On reset the 16 MHz internal RC oscillator is selected as the default CPU clock. The 16
MHz internal RC oscillator is factory-trimmed to offer 1% accuracy at 25 °C. The application
can then select as system clock either the RC oscillator or an external 4-26 MHz clock
source. This clock can be monitored for failure. If a failure is detected, the system
automatically switches back to the internal RC oscillator and a software interrupt is
generated (if enabled). This clock source is input to a PLL thus allowing to increase the
frequency up to 180 MHz. Similarly, full interrupt management of the PLL clock entry is
available when necessary (for example if an indirectly used external oscillator fails).

Several prescalers allow the configuration of the two AHB buses, the high-speed APB
(APB2) and the low-speed APB (APB1) domains. The maximum frequency of the two AHB
buses is 180 MHz while the maximum frequency of the high-speed APB domains is

90 MHz. The maximum allowed frequency of the low-speed APB domain is 45 MHz.

The devices embed a dedicated PLL (PLLI2S) and PLLSAI which allows to achieve audio
class performance. In this case, the 1°S master clock can generate all standard sampling
frequencies from 8 kHz to 192 kHz.
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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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The SPI interface can be configured to operate in TI mode for communications in master
mode and slave mode.

HDMI (high-definition multimedia interface) consumer
electronics control (CEC)

The devices embeds a HDMI-CEC controller that provides hardware support of consumer
electronics control (CEC) (Appendix supplement 1 to the HDMI standard).

This protocol provides high-level control functions between all audiovisual products in an
environment. It is specified to operate at low speeds with minimum processing and memory
overhead.

Inter-integrated sound (IZS)

Three standard IS interfaces (multiplexed with SPI1, SPI2 and SPI3) are available. They
can be operated in master or slave mode, in simplex communication modes, and can be
configured to operate with a 16-/32-bit resolution as an input or output channel. Audio
sampling frequencies from 8 kHz up to 192 kHz are supported. When either or both of the
1S interfaces is/are configured in master mode, the master clock can be output to the
external DAC/CODEC at 256 times the sampling frequency.

All 12Sx can be served by the DMA controller.

SPDIF-RX Receiver Interface (SPDIFRX)

The SPDIF-RX peripheral, is designed to receive an S/PDIF flow compliant with IEC-60958
and IEC-61937. These standards support simple stereo streams up to high sample rate,
and compressed multi-channel surround sound, such as those defined by Dolby or DTS (up
to 5.1).

The main features of the SPDIF-RX are the following:

e Up to 4 inputs available

e Automatic symbol rate detection

e  Maximum symbol rate: 12.288 MHz

e  Stereo stream from 32 to 192 kHz supported

e  Supports Audio IEC-60958 and IEC-61937, consumer applications

e  Parity bit management

e  Communication using DMA for audio samples

e  Communication using DMA for control and user channel information

e Interrupt capabilities

The SPDIF-RX receiver provides all the necessary features to detect the symbol rate, and
decode the incoming data stream.

The user can select the wanted SPDIF input, and when a valid signal will be available, the
SPDIF-RX will re-sample the incoming signal, decode the Manchester stream, recognize
frames, sub-frames and blocks elements. It delivers to the CPU decoded data, and
associated status flags.
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3.41

40/202

Debug is performed using 2 pins only instead of 5 required by the JTAG (JTAG pins could
be re-use as GPIO with alternate function): the JTAG TMS and TCK pins are shared with
SWDIO and SWCLK, respectively, and a specific sequence on the TMS pin is used to
switch between JTAG-DP and SW-DP.

Embedded Trace Macrocell™

The ARM Embedded Trace Macrocell provides a greater visibility of the instruction and data
flow inside the CPU core by streaming compressed data at a very high rate from the
STM32F446xx through a small number of ETM pins to an external hardware trace port
analyser (TPA) device. The TPA is connected to a host computer using USB, Ethernet, or
any other high-speed channel. Real-time instruction and data flow activity can be recorded
and then formatted for display on the host computer that runs the debugger software. TPA
hardware is commercially available from common development tool vendors.

The Embedded Trace Macrocell operates with third party debugger software tools.

3
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Pinout and pin description

STM32F446xC/E

Table 10. STM32F446xx pin and ball descriptions (continued)

Pin Number
g
Q =]
<| 2| % |3 | g |Pinname (function | &£ | C | & Additional
© | 2 |4 | T | I =1 2% Alternate functions .
a5 || S| after reset) I functions
Lie | o9 | o
AR AR 0
-l ; S -l
MCO2, TIM3_CH4,
TIM8_CH4, 12C3_SDA,
12S_CKIN, UART5_CTS,
40| 66 | D1 | E11 | 99 PC9 /0 | FT| - QUADSPI BK1_ 100, -
SDIO_D1, DCMI_D3,
EVENTOUT
MCO1, TIM1_CH1,
I2C3_SCL, USART1_CK,
41| 67 | E2 | E12 | 100 PA8 /O | FT| - OTG. FS, SOF. -
EVENTOUT
TIM1_CH2, 12C3_SMBA,
SPI2_SCK/I252_CK,
42| 68 | F4 | D12 | 101 PA9 /O | FT| - SAI_SD_B, USART1 TX. OTG_FS_VBUS
DCMI_DO, EVENTOUT
TIM1_CH3, USART1_RX,
43| 69 | E3 | D11 | 102 PA10 /O |FT| - | OTG_FS_ID, DCMI_D1, -
EVENTOUT
TIM1_CH4, USART1_CTS,
44 | 70 | C1 | C12| 103 PA11(1) I/O | FT| - | CAN1_RX, OTG_FS_DM, -
EVENTOUT
TIM1_ETR, USART1_RTS,
45| 71 | E4 | B12 | 104 PA12(1) /0| FT| - | SAI2_FS_B, CAN1_TX, -
OTG_FS_DP, EVENTOUT
JTMS-SWDIO,
46 | 72 | D2 | A12 | 105 | PA13(JTMS-SWDIO) | I/O | FT | - EVENTOUT -
- |73 ]C2| G9 | 106 VCAP_2 - |- - -
47 | 74 | B1 | G10 | 107 VSS - |- - -
48| 75 | A1 | F9 | 108 VDD - |- - -
JTCK-SWCLK,
49 | 76 | C3 | A11 | 109 | PA14(JTCK-SWCLK) | /O | FT | - EVENTOUT -
JTDI,
TIM2_CH1/TIM2_ETR,
HDMI_CEC,
50 | 77 | B2 | A10 | 110 PA15(JTDI) /O | FT| - SPI_NSS/I2S1 WS, -
SPI3_NSS/12S3_WS,
UART4_RTS, EVENTOUT
54/202 DoclD027107 Rev 6 ‘Yl
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Table 11. Alternate function

AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
SPI2/3/

Port TIMBIO | 11 1ors | spinizras | spizvarar| YSARTY | sarme | Tamzite QUS:\DIZSIPII Fmc/
SYS TIM1/2 TIM3/4/5 10/11/ 2/3/[UART OTG1_FS SDIO/ DCMI - SYS

CEC 14/ICEC 4 SAI1 5/SPDIFR UART4/5/ 14/ OTG2_HS/ OTG2 FS

X SPDIFRX | QUADSPI | OTG1_FS —
TIM2_CH1/ USART2_ | UART4_ EVENT
PAO ; Moot | TIMS_CHI | TiMB_ETR ; ; ; pail Ay ; ; ; ; ; ; g
USART2_ | UART4_ | QUADSPI_ | SAI2_ EVENT
PA1 ° TIM2_CH2 | TIM5_CH2 ° ° ° ° RTS RX BK1_103 MCLK_B ° ° - ° ouT
USART2_ | SAIZ EVENT
PA2 ; TIM2_CH3 | TIM5_CH3 | TIM9_CH1 ; ; ; oM SokB ; ; ; ; ; ; g
SAM_ | USARTZ. OTG_HS_ EVENT
PA3 ; TIM2_CH4 | TIM5_CH4 | TIM9_CH2 . ; g o ; . LT Do ; ; . ; g
oAs ) ) ) ) | sPiinss | SPRNSS | ysarry ) ) ) ) OTG_HS_ | DCMI_ | EVENT
25TWS | ed s CcK SOF HSYNC ouT
PAS ) TIM2_CH1/ ) TIMS_ ) SPI1_SCK/I ) ) ) ) OTG_HS_ ) ) ) ) EVENT
TIMZ_ETR CHIN 257 CK ULPICK ouT
TIM1_ TIMS_ 1252 DCMI_ EVENT
PAG ; rMt. TIM3_CH1 | e, ; sPI1_MIsO | 1295 ; ; TIM13_CH1 ; ; ; S ; i

SPI1_MOSI
TIM1_ TIMS_ - FMC_ EVENT
PA7 ; oM | Tma_cHz | TS ; ] ; ; ; TIM14_CH1 ; ; e ; ; oy
Port A 12S1_SD
12C3_ USART1_ OTG_FS_ EVENT
PA8 | MCO1 | TIM1_CH1 ; . o ; ; o ; . or ; ; . ; g
12C3_ | SPI2.SCK | SAM_ | USART1_ EVENT
PA9 - TIM1_CH2 - - SMBA | /12S2.CK | SD.B X - - - - - DCMI_Do - ouT
USART1_ OTG_FS_ EVENT
PA10 ; TIM1_CH3 ; . ; ; ; o ; . 5 ; ; DCMI_D1 ; g
USART1_ OTG FS_ EVENT
PA11 ; TIM1_CH4 ; ; ; ; ; pasl ; CAN1_RX o ; ; ; ; oo
USART1_ | SAl2 OTG_FS_ EVENT
PA12 ; TIM1_ETR ; . ; ; ; i Pe B | CANLTX o ; ; . ; oy
JTMS- EVENT
PA13 | swpio - - - - - - - - - - - - - - ouT
JTCK- EVENT
PA14 | sweLk ° ° ° ° ° ° - ° - ° ° ° - ° ouT
SPI3_

pats | utor | TIM2_CHY/ ) ) HOMI_ | sPi1Nss/ | STI2- ) UART4_RT ) ) ) ) ) ) EVENT
TIMZ_ETR CEC | 125TWS | &5 s ouT

3/0X9vy4CEINLS
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Table 11.

Alternate function (continued)

AF0 AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
SPI2/3/
Port TIms/of 12C1/2/3 | SPI1/2/3/ | SPI2/3/4/ USART1/ USSAII\?I{TSI Tfﬂ?‘rz’gél QUSAA[I)ZSIPU FmC/
SYS TIM1/2 TIM3/4/5 10/11/ 2/3/[UART OTG1_FS SDIO/ DCMI - SYS
CEC 14/CEC 4 SAI1 5/SPDIFR UART4/5/ 14/ OTG2_HS/ OTG2 FS
X SPDIFRX | QUADSPI | OTG1_FS —

12c2_ EVENT

PFO ; ; ; ; 2o ; ; ; ; ; ; ; EMC_AO ; ; oy
12C2_ EVENT

PF1 ; - - - o< - ; ; ; ; ; ; FMC_A1 ; ; o
12c2_ EVENT

PF2 ; ; ; ; oo ; ; ; ; ; ; ; FMC_A2 ; ; g
EVENT

PF3 ; ; ; ; - - ; ; ; ; ; ; FMC_A3 ; ; o
EVENT

PF4 ; ; ; ; - ; ; ; ; ; ; ; EMC_A4 ; ; oy
EVENT

PF5 ; ; ; ; - - ; ; ; ; ; ; FMC_AS ; ; o
or6 ] ] ] TIM10_ ) ] SAI_ ) ) QUADSPI_ ) ) ) ] ] EVENT

CH1 SD_B BK1_103 ouT
- ] ] ] TIM11_ ] . SAI_ ] ] QUADSPI_ ] ] ) ] ] EVENT

CH1 MCLK B BK1_102 ouT

Port F

SAI_ QUADSPI_ EVENT

PF8 - - - - - - SCK B - - TIMI3_CHT | "By 100 - - - - ouT
SAI_ QUADSPI_ EVENT

PF9 - - - - - - FS B - - TIM14_CHT | "B 101 - - - - ouT
DCMI_ EVENT

PF10 | - - - - - - - - - - - - - D11 - ouT
FMC_ DCMI_ EVENT

PF11 - - - - - - - - - - SAI2_SD_B - SDNRAS D12 - ouT
EVENT

PF12 | - ; ; ; ; ; ; ; ; ; ; ; FMC_A6 ; ; g
FMPI2C1 EVENT

PF13 | - ; ; ; o - ; ; ; ; ; ; FMC_A7 ; ; o
FMPI2C1 EVENT

PF14 | - ; ; ; e ; ; ; ; ; ; ; FMC_A8 ; ; i
FMPI2C1 EVENT

PF15 | - ; ; ; Vo - ; ; ; ; ; ; FMC_A9 ; ; o

uonduosap uid pue Jnould
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STM32F446xC/E

Electrical characteristics

Table 16. General operating conditions (continued)

Symbol Parameter Conditions(") Min | Typ | Max | Unit
Vpp | Standard operating voltage - 170 - 3.6
Analog operating voltage 17@] 24
(ADC limited to 1.2 M samples)
VDDA(3)(4) Must be the same potential as VDD(5)
Analog operating voltage 24 36
(ADC limited to 2.4 M samples) ' '
Vgar | Backup operating voltage - 1.65 - 3.6
USB supply voltage (supply USB not used 1.7 - 3.6
VDDUSB | voltage for PA11,PA12, PB14
and PB15 pins) USB used 3 - 3.6
Power Scale 3 ((VOS[1:0] bits in
PWR_CR register = 0x01), 120 MHz | 1.08 | 1.14 1.20
HCLK max frequency \
Power Scale 2 ((VOSI[1:0] bits in
Regulator ON: 1.2 Vinternal | T WR_CRregister = 0x10), 144 MHz | ' 5 | 4 56| 437
voltage on V N pins HCLK max frequency with over-drive
CAP_1"YCAP_2 OFF or 168 MHz with over-drive ON
V12 Power Scale 1 ((VOS[1:0] bits in
PWR_CR register = 0x11), 168 MHz
HCLK max frequency with over-drive 1.26 1132 140
OFF or 180 MHz with over-drive ON
Regulator OFF: 1.2 V external | Max frequency 120 MHz 1.10 | 1.14 1.20
voltage must be supplied from Max frequency 144 MHz 1.20 | 1.26 1.32
external regulator on
Veap 1Veap 2 pins(e) Max frequency 168 MHz 1.26 | 1.32 1.38
Input voltage on RST, FTfand |2V <Vpp <3.6 V -03 | - 5.5
FT pins”) 17V<Vpp<2V -03 | - 5.2
ViN \
Input voltage on TTa pins - -0.3 | - |Vppat0.3
Input voltage on BOOTO pin - 0 - 9
LQFP64 - - 345
WLCSP81 - - 417
Power dissipation at Ty =85 °C | LQFP100 - - 476
Pp for suffix 6 or Ty = 105 °C for mwW
suffix 78 LQFP 144 - - 606
UFBGA144 (7x7) - - 392
UFBGA144(10x10) - - 417
Ambient temperature for 6 suffix | Maximum power dissipation —40 | - 85 °c
. version Low power dissipation(® —40 | - 105
A
Ambient temperature for 7 suffix Maximum power dissipation -40 - 105 o
version Low power dissipation(®) -40 | - 125
6 suffix version —40 - 105
Ty Junction temperature range °C
7 suffix version —40 - 125
1S7 DoclD027107 Rev 6 77/202




Electrical characteristics STM32F446xC/E

1. The over-drive mode is not supported at the voltage ranges from 1.7 to 2.1 V.

2. Vpp/Vppa minimum value of 1.7 V is obtained with the use of an external power supply supervisor (refer to Section 3.16.2:
Internal reset OFF).

When the ADC is used, refer to Table 74: ADC characteristics.
If VRer+ pin is present, it must respect the following condition: Vppa-Vrgg+ < 1.2 V.

5. Itis recommended to power Vpp and Vppp from the same source. A maximum difference of 300 mV between Vpp and
Vppa can be tolerated during power-up and power-down operation.
6. The over-drive mode is not supported when the internal regulator is OFF.
7. To sustain a voltage higher than VDD+0.3, the internal Pull-up and Pull-Down resistors must be disabled
8. If Ty is lower, higher Py values are allowed as long as T does not exceed T jpax-
9. Inlow power dissipation state, To can be extended to this range as long as T does not exceed Ty
Table 17. Limitations depending on the operating power supply range
. Maximum Flash | -y, imum HoLK .
Operating memory access Possible Flash
. . frequency vs Flash .
power supply | ADC operation | frequency with . 1/0 operation memory
. memory wait states .
range no wait states (1)(2) operations
(fFIashmax)
Vpp =1.7 to | Conversion time o 168 MHz with 8 W.alt — No I/0 8-bit erase and
3) 20 MHz states and over-drive . program
21V up to 1.2 Msps compensation .
OFF operations only
Vpp =2.1to | Conversion time 180 MHz with 8 w@t — No /O 16-biterase and
22 MHz states and over-drive . program
24V up to 1.2 Msps compensation .
ON operations
_ S 180 MHz with 7 wait |- I/O 16-bit erase and
Vpp = 2.4 to | Conversion time . .
24 MHz states and over-drive compensation program
27V up to 2.4 Msps .
ON works operations
_ S 180 MHz with 5 wait |- I/O 32-biterase and
Vpp = 2.7 to | Conversion time . .
(5) 30 MHz states and over-drive compensation program
36V up to 2.4 Msps .
ON works operations

1. Applicable only when the code is executed from Flash memory. When the code is executed from RAM, no wait state is

required.

2. Thanks to the ART accelerator and the 128-bit Flash memory, the number of wait states given here does not impact the

execution speed from Flash memory since the ART accelerator allows to achieve a performance equivalent to 0 wait state
program execution.

3. Vpp/Vppa minimum value of 1.7 V is obtained with the use of an external power supply supervisor (refer to Section 3.16.2:
Internal reset OFF).

Prefetch is not available.

5. The voltage range for USB full speed PHYs can drop down to 2.7 V. However the electrical characteristics of D- and D+
pins will be degraded between 2.7 and 3 V.

6.3.2 VCAP_1/VCAP_2 external capacitor
Stabilization for the main regulator is achieved by connecting external capacitor Cgxr to the
Veap 1and Veap o pin. For packages supporting only 1 Veap pin, the 2 Cexr capacitors are
replaced by a single capacitor. Cgx is specified in Table 18.

78/202 DoclD027107 Rev 6 Kys




Electrical characteristics STM32F446xC/E

Table 24. Typical and maximum current consumption in Run mode, code with data processing
running from Flash memory (ART accelerator enabled with prefetch) or RAM(")

Max(@
Symbol Parameter | Conditions | fc Lk (MHZz) Typ Tp= Tp = Tp= Unit
25°C | 85°C | 105°C
180 86 93.0 115.0 125.0
168(5) 79 85.1 111.2 17.7
150 73 79.6 104.8 111.2
External clock, 1440) 68 73.5 97.3 103.3
PLL ON, 120 54 593 | 797 | 847
all peripherals
enabled®®) 90 42 4723 | 65.50 | 70.10
60 29 33.7 495 53.4
30 16 20.8 34.0 374
25 13 18.4 31.2 345
16 8 13.8 25.0 28.3
HSI, PLL OFF, 8 5 10.8 21.1 24.2
all peripherals
enabled®@) 4 3.0 9.1 18.9 22.0
Supply 2 2.1 8.1 17.8 20.9
Ipp current in mA
RUN mode 180 46 55.0 75.0 86.0
168 43 496 67.5 72.6
150 41 48.2 65.8 70.8
External clock, 1440) 38 43.6 61.9 66.8
PLL ON
O, ’ 120 32 37.3 53.7 58.0
all Peripherals
disabled® 90 26 30.7 46.0 50.0
60 18 22.8 36.4 40.1
30 10 14.9 27.1 30.2
25 9 13.55 | 2540 | 2854
16 5 11.1 21.8 25.0
HSI, PLL OFF, 8 3 9.5 19.4 225
all peripherals
disabled® 4 2.4 8.34 18.10 | 21.17
2 1.8 7.77 17.39 | 20.50

1. Code and data processing running from SRAM1 using boot pins.
Guaranteed based on test during characterization.

When analog peripheral blocks such as ADCs, DACs, HSE, LSE, HSI, or LS| 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.

5. Overdrive OFF

3

84/202 DocID027107 Rev 6




STM32F446xC/E Electrical characteristics

Table 32. Typical current consumption in Sleep mode, regulator ON, Vpp=1.7 V(1)

Max
Symbol Parameter Conditions f MHz T Unit
y HCLK ( ) yp TA = TA = TA =
25°C 85°C 105 °C

168 43.7 47.5 66.5 79.3

150 39.2 42.7 60.7 73.3

144 35.7 38.8 55.3 66.9

All Peripherals 120 26.5 28.6 41.8 51.6

enabled Flash

on 90 20.0 21.91 33.85 43.20

60 13.6 15.2 25.8 34.9

30 7.4 8.5 18.4 27.0

Supply current in 25 6.3 7.5 16.9 25.5

Ipp Sleep mode from mA

Vpp supply 168 7.3 8.6 21.2 31.9

150 6.6 7.94 20.4 31.0

144 6.0 7.3 18.6 28.5

All Peripherals 120 4.6 55 14.9 23.4

disabled, flash

on 90 3.6 46 13.6 22.1

60 2.6 3.4 12.5 20.8

30 1.8 2.7 11.3 19.7

25 1.6 2.49 11.09 19.42

1. When peripherals are enabled, the power consumption corresponding to the analog part of the peripherals (such as ADC,
or DAC) is not included.
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Caution:  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
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 (see Table 35: Peripheral current
consumption), the 1/Os used by an application also contribute to the current consumption.
When an I/O pin switches, it uses the current from the MCU supply voltage to supply the 1/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.
Table 34. Switching output I/O current consumptionm
1/0 toggling
Symbol Parameter Conditions frequency Typ Unit

(fsw)
2 MHz 0.0
8 MHz 0.2
25 MHz 0.6

Vpp=3.3V

0 T2 50 MHz 1.1

C=Cnt
60 MHz 1.3
84 MHz 1.8

/0 switching 90 MHz 1.9
Iobio Current mA

2 MHz 0.1
8 MHz 04

Vpp =33V 25 MHz 1.23

Cexr =0 pF 50 MHz 2.43

C=Cint* Cexr

+Cg 60 MHz 2.93
84 MHz 3.86
90 MHz 4.07
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Table 49. Flash memory programming with Vpp (continued)

Symbol Parameter Conditions Min® | Typ | Max( | Unit
Vpp Vpp voltage range - 7 - 9 \Y
Minimum current sunk on
lpp the Vpp pin ) 10 i i mA
@) Cumulative time during ) ) )
tvpp 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 50. Flash memory endurance and data retention
Symbol Parameter Value
Conditions Unit
- - Min(")
Tp =—40 to +85 °C (6 suffix versions)
N Endurance 10 Kcycles
END T, = —40 to +105 °C (7 suffix versions) y
1 keycle® at T, = 85 °C 30
tReT Data retention 1 keycle® at T, = 105 °C 10 Years
10 keycles(® at Tp = 55 °C 20

1. Guaranteed based on test during 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:

e 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.

A device reset allows normal operations to be resumed.

The test results are given in Table 51. They are based on the EMS levels and classes
defined in application note AN1709.

3
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Guaranteed by design.

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.
3. The maximum frequency is defined in Figure 32.
4. For maximum frequencies above 50 MHz and Vpp > 2.4 V, the compensation cell should be used.
Figure 32. 1/0 AC characteristics definition
90% 10%
I !
! 1
! 1
! 1
! 1
! 1
! ! 1 1
1 1
EXTERNAL t10)out ~—E——» > t10)ut
OUTPUT ' !
ONCL - T gl
Maximum frequency is achieved if (t, + tf) < (2/3)T and if the duty cycle is (45-55%)
when loaded by CL specified in the table “ I/O AC characteristics”.
ai14131d
6.3.18 NRST pin characteristics
The NRST pin input driver uses CMOS technology. It is connected to a permanent pull-up
resistor, Rp (see Table 56: I/O static characteristics).
Unless otherwise specified, the parameters given in Table 59 are derived from tests
performed under the ambient temperature and Vpp supply voltage conditions summarized
in Table 16.
Table 59. NRST pin characteristics
Symbol Parameter Conditions Min Typ Max Unit
Rpy Weak pull-up equivalent resistor(!) Vin=Vss 30 40 50 kQ
VF(NRST)(Z) NRST Input filtered pulse - - - 100 ns
VNF(NRST)(Z) NRST Input not filtered pulse Vpp > 2.7V 300 - - ns
TNRsT out | Generated reset pulse duration Internal Reset source 20 - - us
1. The pull-up is designed with a true resistance in series with a switchable PMOS. This PMOS contribution to the series
resistance must be minimum (~10% order).
2. Guaranteed by design.
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Table 92. Asynchronous multiplexed PSRAM/NOR write timings(1)(2)
Symbol Parameter Min Max Unit
tw(NE) FMC_NE low time 4THelk -2 | 4ThoLkt0.5
ty(NWE_NE) FMC_NEx low to FMC_NWE low THeLk Thelk + 0.5
tw(NWE) FMC_NWE low time 2Thelk | 2THek + 0.5
th(NE_NWE) FMC_NWE high to FMC_NE high hold time Thelk -
ty(a NE) FMC_NEXx low to FMC_A valid - 0
tynabv NE) | FMC_NEx low to FMC_NADV low 0.5 1
tw(NADV) FMC_NADYV low time Thotk—=0.5 | Thoik* 05 | o
th(AD_NADY) Emg_ﬁa(Da\c;rﬁisgi))valid hold time after ThoLk—2 )
th(A_NWE) Address hold time after FMC_NWE high Thelk -
th(BL_NWE) FMC_BL hold time after FMC_NWE high Tholk—2 -
tyBL_NE) FMC_NEXx low to FMC_BL valid - 2
tyData_NADv) | FMC_NADV high to Data valid - Thok + 1.5
th(pata_Nnwe) | Data hold time after FMC_NWE high Thek + 0.5 -
1. C_=30pF.
2. Guaranteed based on test during characterization.
Table 93. Asynchronous multiplexed PSRAM/NOR write-NWAIT timings(1(2)
Symbol Parameter Min Max Unit
tw(NE) FMC_NE low time 9TheLK 9Thok + 0.5
tw(NWE) FMC_NWE low time 7THelk TTHetk* 2 | s
tsunwair Ny | FMC_NWAIT valid before FMC_NEX high 6Thok + 1.5 -
thNE_ NWAIT) iFnl\\jlaclliaNEx hold time after FMC_NWAIT AThoLk—1 )
1. C_=30pF.

3

2. Guaranteed based on test during characterization.

Synchronous waveforms and timings

Figure 54 through Figure 57 represent synchronous waveforms and Table 94 through
Table 97 provide the corresponding timings. The results shown in these tables are obtained
with the following FMC configuration:

e  BurstAccessMode = FMC_BurstAccessMode Enable;
e  MemoryType = FMC_MemoryType_CRAM,;
e  WriteBurst = FMC_WriteBurst_Enable;

e CLKDivision = 1; (0 is not supported, see the STM32F446 reference manual: RM0390)
e Datalatency = 1 for NOR Flash; DataLatency = 0 for PSRAM
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Table 103. LPSDR SDRAM write timings(1(2)

Symbol Parameter Min Max Unit
F(sbcLk) Frequency of operation - 84 MHz
tw(SDCLK) FMC_SDCLK period 2Tholk - 05 | 2Tpok + 0.5
t4(SDCLKL Data) Data output valid time - 5
th(SDCLKL _Data) Data output hold time 0.5 -
ty(sDCLK _Add) Address valid time - 3
tyspcLkL _spnwey) | SDNWE valid time - 3
th(SDCLKL_SDNWE)) | SDNWE hold time 0 5 ~
tyspoLkL_spngy | Chip select valid time - 25
thspckL spne) | Chip select hold time 0 _
ta(SDCLKL_SDNRAS) | SDNRAS valid time : 5
th(SDCLKL_SDNRAs) SDNRAS hold time 0 -
tyspcLkL_sponcas) | SDNCAS valid time - 2
td(SDCLKL_SDNCAS) SDNCAS hold time 0 -

1. CL=10pF.

2. Guaranteed based on test during characterization.

Camera interface (DCMI) timing specifications

Unless otherwise specified, the parameters given in Table 104 for DCMI are derived
from tests performed under the ambient temperature, frcik frequency and Vpp supply
voltage summarized in Table 16, with the following configuration:

e DCMI_PIXCLK polarity: falling
e DCMI_VSYNC and DCMI_HSYNC polarity: high
. Data formats: 14 bits

Table 104. DCMI characteristics

Symbol Parameter Min Max Unit
- Frequency ratio DCMI_PIXCLK/fycLk - 0.4 -
DCMI_PIXCLK | Pixel clock input - 54 MHz
Dpixel Pixel clock input duty cycle 30 70 %
tsupATA) Data input setup time 1 -
th(DATA) Data input hold time 3.5 -
t
suHSYNC) | peMI_HSYNC/DCMI_VSYNC input setup time 2 - ns
tsu(vsyne)
1!
h(HSYNC) | pcMI_HSYNC/DCMI_VSYNC input hold time 0 -
thvsyne)
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7.3 LQFP144 package information.

Figure 73. LQFP144, 20 x 20 mm, 144-pin low-profile quad flat package outline
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1. Drawing is not to scale.

1A_ME_V4

3

182/202 DocID027107 Rev 6




STM32F446xC/E

Package information

Table 110. LQFP144, 20 x 20 mm, 144-pin 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.

3

DoclD027107 Rev 6

183/202




STM32F446xC/E Package information

Device marking for UFBGA144 10 x 10 mm package

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 81. UQFP144 10 x 10 mm marking example (package top view)

Product
1) —

identification —— STM3Z2FuUuubk

\ ZEJbL

Additional
A — | information

Date code

YIWw

Ball A1

indentifier~ ‘

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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