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Description STM32F446xC/E
Figure 3. STM32F446xC/E block diagram
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STM32F446xC/E Functional overview

3.38

3.39

3.40

3

Additional logic functions embedded in the ADC interface allow:

e  Simultaneous sample and hold

e Interleaved sample and hold

The ADC can be served by the DMA controller. An analog watchdog feature allows very

precise monitoring of the converted voltage of one, some or all selected channels. An
interrupt is generated when the converted voltage is outside the programmed thresholds.

To synchronize A/D conversion and timers, the ADCs could be triggered by any of TIM1,
TIM2, TIM3, TIM4, TIM5, or TIM8 timer.

Temperature sensor

The temperature sensor has to generate a voltage that varies linearly with temperature. The
conversion range is between 1.7 V and 3.6 V. The temperature sensor is internally
connected to the same input channel as Vgar, ADC1_IN18, which is used to convert the
sensor output voltage into a digital value. When the temperature sensor and Vgat
conversion are enabled at the same time, only Vgat conversion is performed.

As the offset of the temperature sensor varies from chip to chip due to process variation, the
internal temperature sensor is mainly suitable for applications that detect temperature
changes instead of absolute temperatures. If an accurate temperature reading is needed,
then an external temperature sensor part should be used.

Digital-to-analog converter (DAC)

The two 12-bit buffered DAC channels can be used to convert two digital signals into two
analog voltage signal outputs.

This dual digital Interface supports the following features:

e two DAC converters: one for each output channel

e  8-bit or 10-bit monotonic output

e left or right data alignment in 12-bit mode

e synchronized update capability

e  noise-wave generation

e triangular-wave generation

e dual DAC channel independent or simultaneous conversions
e  DMA capability for each channel

e external triggers for conversion

e input voltage reference Vrgg+

Eight DAC trigger inputs are used in the device. The DAC channels are triggered through
the timer update outputs that are also connected to different DMA streams.

Serial wire JTAG debug port (SWJ-DP)

The ARM SWJ-DP interface is embedded, and is a combined JTAG and serial wire debug
port that enables either a serial wire debug or a JTAG probe to be connected to the target.
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Pinout and pin description

STM32F446xC/E

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

34

52

H2

M12

74

PB13

I/0

FT

TIM1_CH1N,
SPI2_SCK/I2S2_CK,
USART3_CTS, CAN2_TX,
OTG_HS_ULPI_DS,
EVENTOUT

OTG_HS_VBUS

35

53

J1

L1

75

PB14(1)

110

FT

TIM1_CH2N, TIM8_CH2N,
SPI2_MISO,
USART3_RTS,
TIM12_CHA,
OTG_HS_DM, EVENTOUT

36

54

G3

L12

76

pB15("

I/0

FT

RTC_REFIN, TIM1_CH3N,
TIM8_CH3N,
SPI2_MOSI/12S2_SD,
TIM12_CH2,0TG_HS_DP,
EVENTOUT

55

L9

77

PD8

I/0

FT

USART3_TX,
SPDIFRX_IN1, FMC_D13,
EVENTOUT

56

K9

78

PD9

110

FT

USART3_RX, FMC_D14,
EVENTOUT

57

J9

79

PD10

110

FT

USART3_CK, FMC_D15,
EVENTOUT

58

H1

H9

80

PD11

I/0

FT

FMPI2C1_SMBA,
USART3_CTS,
QUADSPI_BK1_|00,
SAI2_SD_A, FMC_A16,
EVENTOUT

59

G2

L10

81

PD12

110

FTf

TIM4_CHA,
FMPI2C1_SCL,
USART3_RTS,

QUADSPI_BK1_|O1,

SAI2_FS_A, FMC_A17,

EVENTOUT

60

G1

K10

82

PD13

1’0

FTf

TIM4_CH?2,
FMPI2C1_SDA,
QUADSPI_BK1_103,
SAI2_SCK_A, FMC_A18,
EVENTOUT

G8

83

VSS

F8

84

VDD
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Electrical characteristics STM32F446xC/E
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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 25. Typical and maximum current consumption in Run mode, code with data processing
running from Flash memory (ART accelerator disabled)

Max(1
Symbol Parameter Conditions | fycLk (MHz) Typ TA= Unit
.. | TA=85°C | TA=105 °C
25°C
180 81 89.0 110.0 120.0
168¢) 74 80.2 105.7 112.0
150 69 74.9 99.5 105.6
External clock, 1444) 63 69.3 92.4 98.1
PLL ON, 120 51 56.3 76.1 81.1
all peripherals
enabled@() 90 40 45.32 63.19 67.63
60 28 33.1 48.7 52.6
30 16 20.8 34.0 374
25 13 18.4 31.2 345
16 8 13.8 25.0 28.2
8 5 10.8 21.1 24.2
4 3.0 9.1 19.0 22.0
Supply External clock, 2 2.1 8.1 17.9 20.9
Ibp current in PLL ON mA
’ 18 41 47. 9. 79.0
RUN mode | 5 Peripherals 0 0 69.0 o
disabled®®) 168 38 432 61.9 67.1
150 37 41.8 60.3 65.4
144 34 39.3 56.9 61.6
120 29 34.3 50.2 54.4
90 24 28.8 43.6 475
HSI, PLL OFF, 60 17 22.0 35.6 39.2
all peripherals
disabled® 30 10 14.8 27.0 30.1
25 8 13.51 25.36 28.47
16 5 11.1 21.8 24.9
HSI, PLL OFF, 8 3 9.5 19.4 225
all Peripherals
disabled® 4 2.3 8.35 18.12 21.17
2 1.8 7.78 17.42 20.51

1. Guaranteed based on test during characterization unless otherwise specified.

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

3. 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.

4. Overdrive OFF

‘Yl DoclD027107 Rev 6 85/202




Electrical characteristics STM32F446xC/E

Table 33. Typical current consumption in Sleep mode, regulator ofFf(")

VDD=3.3V VvDD=1.7 V Unit
Symbol Parameter Conditions | fyc Lk (MH2z)
Ipp12 Ipp Ipp12 Ipp -
180 47.605 1.2 NA NA
168 44 .35 1.0 41.53 0.8
150 40.58 0.9 39.96 0.8
144 35.68 0.9 34.60 0.7
All Peripherals 120 2730 | 09 | 29.11 0.7
enabled
90 20.69 0.8 19.78 0.6
60 13.88 0.7 13.36 0.6
30 7.66 0.7 7.85 0.6
Supply current
in Sleep mode 25 6.49 0.7 6.66 0.5
Ibp12/lbp from V4, and mA
12 180 8.71 1.2 NA NA
Vpp supply
168 7.00 0.9 8.42 0.8
150 6.88 0.9 7.61 0.8
144 6.29 0.9 6.99 0.7
All Peripherals 120 4.87 0.9 5.95 0.7
disabled
90 3.78 0.8 3.96 0.6
60 2.66 0.7 2.80 0.6
30 1.65 0.7 1.74 0.6
25 1.45 0.7 1.52 0.5

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

I/0 system current consumption

The current consumption of the I/0 system has two components: static and
dynamic.

I/O static current consumption

All the 1/0s 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 56: 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 1/0O 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 1/Os in analog mode. This is notably the case of ADC input pins which should be
configured as analog inputs.
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Electrical characteristics

STM32F446xC/E

6.3.17 /0 port characteristics
General input/output characteristics
Unless otherwise specified, the parameters given in Table 56: I/O static characteristics are
derived from tests performed under the conditions summarized in Table 16. All 1/Os are
CMOS and TTL compliant.
Table 56. I/O static characteristics
Symbol Parameter Conditions Min Typ Max Unit
0.35Vpp-0.04(")
nputlow level votage | 17 V<Vop3:8 : : e
p g 0.3Vpp
1.75V< VDD <
Ve e ] ] Y
BOOTO /O input low level |~ 40 °C<Ta<
voltage P 105°C 0.1Vpp+0.1("
1.7V <Vpp<3.6V, ) )
0°C<Tp<105°C
0.45Vpp+0.3(1
nput high lovel volagel® |17 Vo008V =R o -
put hig g 0.7Vpp
Vi 0 G an05 v
. . _ o < < o
BOOTO I/O input high level A 0-17VDD+0-7(1) ) )
voltage 1.7 VVpp <3.6 V,
0 °C<Tp <105 °C
FT, FTf, TTa and NRST I/O o
input hysteresis 1.7 V<Vpp=3.6 V i 10%Vop i
1.75 V<Vpp <3.6 V,
Vhys —40 °C<T, <105 °C i i v
BOOTO I/O input hysteresis 100m
1.7 V<Vpp <36 V, ) )
0 °C<T5 <105 °C
/0 input leakage current @) | Vgg <Vin <Vpp - - +
likg | 1/0 FT input leakage current A
w P g Vin=5V - - 3
118/202 DoclD027107 Rev 6 Kys




Electrical characteristics STM32F446xC/E

Table 72. USB HS clock timing parametersm (continued)

Symbol Parameter Min Typ Max Unit
{START DEV | Clock startup time after the | Peripheral - - 5.6 -
tSTART HOST de-assertion of SuspendM Host _ _ -

PHY preparation time after the first transition

tPREP of the input clock ) ) ) Hs

1. Guaranteed by design.

Figure 44. ULPI timing diagram

Clock \ /_\_/ \ / \ /
t »-tHC
Control In sC / 1
(ULPI_DIR,
ULPI_NXT) SD » THD
data In \( *
(8-bit) /
t tbe
Control out be
(ULPI_STP)
d =
ata out
(8-bit) X
ai17361c
Table 73. Dynamic characteristics: USB uLpi®
Symbol Parameter Conditions Min. | Typ. | Max. |Unit
tsc Control in (ULPI_DIR, ULPI_NXT) setup time - 1 - -
the Control in (ULPI_DIR, ULPI_NXT) hold time - 1.5 - -
tsp Data in setup time - 1.5 - -
tHp Data in hold time - 1.5 - - ns
27V <Vpp<36YV, _
CL = 20 pF 6 | 85
toclt Data/control output dela
berop P y 171V <Vpp <36V, 6 | 115
C|_ =15 pF ’

1. Guaranteed based on test during characterization.

CAN (controller area network) interface

Refer to Section 6.3.17: /O port characteristics for more details on the input/output alternate
function characteristics (CANx_TX and CANx_RX).

3
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Electrical characteristics

3

Figure 46. Typical connection diagram using the ADC

VoD STM32F
vV Sample and hold ADC
0 gv converter
RAIN(1) AINX RADC(1) 12-bi
r -bit
S L converter
(1) = s =
0.6V
parasitic 1 o Capc(1)
L= .

ai17534

Refer to Table 74 for the values of Ry, Rapc @and Cape.-

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

fapc should be reduced.

DoclD027107 Rev 6
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Electrical characteristics STM32F446xC/E

Table 89. Asynchronous non-multiplexed SRAM/PSRAM/NOR write -
NWAIT timings(1(2)

Symbol Parameter Min Max Unit
tW(NE) FMC_NE low time 8Thek - 0.5 8Thek + 1
tW(NWE) FMC_NWE low time 6THCLK -05 6THCLK +1 ns

tSU(NWAlT_NE) FMC_NWA'T valid before FMC_NEX hlgh 6THCLK -0.5 -

FMC_NEXx hold time after FMC_NWAIT
th(NE_NWAIT) | invali 4Thelk + 2 -

1. C_=30pF.

2. Guaranteed based on test during characterization.

Figure 52. Asynchronous multiplexed PSRAM/NOR read waveforms
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FMC_ NBL[1:0] NBL *
>« th(Data_NE)
le—— tsu(Data_NE—1>
< ty(A_NE) «— fsu(Data_NGE—>i« th(Data_NOE)
FMC_ AD[15:0] Address )—( Data *
tv(NADV_NE) > th(AD_NADV)
> tw(NADV)
FMC_NADV \. /
FMC_NWAIT
th(NE_NWAIT) -
tsu(NWAIT_NE)——»
MS32755V1
156/202 DoclD027107 Rev 6 ‘Yl




Electrical characteristics STM32F446xC/E
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In all timing tables, the Ty is the HCLK clock period (with maximum
FMC_CLK = 90 MHz).

Figure 54. Synchronous multiplexed NOR/PSRAM read timings
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Figure 56. Synchronous non-multiplexed NOR/PSRAM read timings
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Table 96. Synchronous non-multiplexed NOR/PSRAM read timings(!)(2)

Symbol Parameter Min Max Unit
twcLk) FMC_CLK period 2Thek -
tckinexy) | FMC_CLK low to FMC_NEXx low (x=0..2) - 25
ty(cLkH-NExH) | FMC_CLK high to FMC_NEX high (x=0...2) Thek—0.5 -
tyccLkL-NabvL) | FMC_CLK low to FMC_NADV low - 0
ty(cLkL-NADVH) | FMC_CLK low to FMC_NADV high 0 -
ta(cLKL-AV) FMC_CLK low to FMC_Ax valid (x=16...25) - 25
tacLkn-alv) | FMC_CLK high to FMC_Ax invalid (x=16...25) Thelk - ns
tycLk-NoeL) | FMC_CLK low to FMC_NOE low - 2
ty(cLkH-NoEH) | FMC_CLK high to FMC_NOE high Thek—0.5 -
tsupv-cLkr) | FMC_D[15:0] valid data before FMC_CLK high 1 -
thcLkH-Dv) | FMC_D[15:0] valid data after FMC_CLK high 3.5 -
tsunwAIT-cLkH) | FMC_NWAIT valid before FMC_CLK high 1 -
th(cLkH-NwAIT) | FMC_NWAIT valid after FMC_CLK high 3.5 -
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Figure 60. NAND controller waveforms for common memory read access
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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.
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Table 100. SDRAM read timings(1(2)

Symbol Parameter Min Max Unit
tw(sbcLk) FMC_SDCLK period 2ThoLk-0.5 2ThoLkt0.5
tsu(SDCLKH Data) | Data input setup time 1 .
th(SDCLKH_Data) Data input hold time 4 _
ty(SDCLKL_Add) Address valid time - 3
tyspcLkL_spne) | Chip select valid time - 15
thspcLkL_song) | Chip select hold time 0 . ns
tysDcLKL_spNRas) | SDNRAS valid time - 15
thSDCLKL_SDNRAS) | SDNRAS hold time 0 _
tyspcLkL_soncas) | SDNCAS valid time - 05
thspcLkL_spncas) | SDNCAS hold time 0 -

1. CL =30 pF on data and address lines. CL=15pF on FMC_SDCLK.

2. Guaranteed based on test during characterization.

Table 101. LPSDR SDRAM read timings(1(2)

Symbol Parameter Min Max Unit
tw(SDCLK) FMC_SDCLK period 2Theik-05 | 2Tholk +0.5
tsu(sDCLKH Data) | Data input setup time 1 -
th(SDCLKH_Data) Data input hold time 5 .
ty(SDCLKL_Add) Address valid time - 3
tyspcLkL_spne) | Chip select valid time - 3 _
thspcLkL_spong) | Chip select hold time 0 -
t4(SDCLKL_SDNRAS) SDNRAS valid time - 2
th(sDCLKL_SDNRAS) | SDNRAS hold time 0 -
tysDCLKL_SDNCAs) | SDNCAS valid time - 2
th(SDCLKL_SDNCAS) SDNCAS hold time 0 -
1. CL=10pF.

2. Guaranteed based on test during characterization.

3
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Figure 66. SD default mode
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Table 105. Dynamic characteristics: SD / MMC characteristics(!)(?)

Symbol Parameter Conditions Min Typ Max Unit
fep Clock frequency in data transfer mode - 0 - 50 MHz
- SDIO_CK/fPCLK2 frequency ratio - - - 8/3 -
tyw(ckL) Clock low time fpp =50MHz 9.5 10.5 - s
tw(ckH) Clock high time fpp =50MHz 8.5 9.5 -
CMD, D inputs (referenced to CK) in MMC and SD HS mode
tisu Input setup time HS fpp =50MHz 1 - -
tiH Input hold time HS fop =50MHz 45 - - ne
CMD, D outputs (referenced to CK) in MMC and SD HS mode
tov Output valid time HS fpp =50MHz - 125 13
toH Output hold time HS fpp =50MHz 11 - - e
CMD, D inputs (referenced to CK) in SD default mode
tisup Input setup time SD fpp =25MHz 2.5 - -
tiHp Input hold time SD fpp =25MHz 5.5 - - "
CMD, D outputs (referenced to CK) in SD default mode
tovp Output valid default time SD fop =24MHz - 3.5 4
tonD Output hold default time SD fpp =24MHz 2 - - "

1. Guaranteed based on test during characterization.
2. Vpp=27t03.6V.

3
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Table 106. Dynamic characteristics: eMMC characteristics Vpp = 1.7 V to 1.9 V(2

Symbol Parameter Conditions Min Typ Max Unit
fop Clock frequency in data transfer mode - 0 - 50 MHz
- SDIO_CK/PCLK2 frequency ratio - - - 8/3 -
tw(ckL) |Clock low time fpp =50MHz 9.5 10.5 - o
tw(ckn) | Clock high time fop =50MHz 8.5 9.5 -

CMD, D inputs (referenced to CK) in eMMC mode

tisu Input setup time HS fpp =50MHz 0.5 - -
ns
tin Input hold time HS fpp =50MHz 7.5 - -
CMD, D outputs (referenced to CK) in eMMC mode
tov Output valid time HS fpp =50MHz - 13.5 145
ns
ton Output hold time HS fpp =50MHz 12 - -
1. Guaranteed based on test during characterization.
2. VDD =27to3.6V.
6.3.29 RTC characteristics
Table 107. RTC characteristics
Symbol Parameter Conditions Min Max
.| Any read/write operation
- fpcLk1/RTCCLK frequency ratio from/to an RTC register 4 -
Kys DoclD027107 Rev 6 175/202
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7 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.
71 LQFP64 package information
Figure 67. LQFP64-10x10 mm 64 pin low-profile quad flat package outline
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Table 108. LQFP64 — 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
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Package information

7.2

LQFP100 package information

Figure 70. LQFP100, 14 x 14 mm 100-pin low-profile quad flat package outline
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Table 109. LQPF100, 14 x 14 mm 100-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 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 15.800 16.000 16.200 0.6220 0.6299 0.6378
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Table 113. UFBGA144 - 144-pin, 10 x 10 mm, 0.80 mm pitch, ultra fine pitch ball
grid array package mechanical data (continued)

millimeters inches(")
Symbol
Min. Typ. Max. Min. Typ. Max.
F 0.550 0.600 0.650 0.0177 0.0197 0.0217
ddd - - 0.080 - - 0.0039
eee - - 0.150 - - 0.0059
fff - - 0.080 - - 0.0020

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

Figure 80. UFBGA144 - 144-pin, 10 x 10 mm, 0.80 mm pitch, ultra fine pitch ball
grid array package recommended footprint
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Table 114. UFBGA144 recommended PCB design rules (0.80 mm pitch BGA)

Dimension Recommended values
Pitch 0.80 mm
Dpad 0.400 mm
Dsm 0.550 mm typ. (depends on the soldermask
registration tolerance)
Stencil opening 0.400 mm
Stencil thickness Between 0.100 mm and 0.125 mm
Pad trace width 0.120 mm
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