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Functional overview STM32F446xC/E
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Figure 6. Power supply supervisor interconnection with internal reset OFF

VDD

STM32F446x

0] Application reset
L [7 VBAT signal (optional)

——{1PDR_ON

VSS  PDR not active : 1.7v< VDD<3.6v
MS33844V1

The Vpp specified threshold, below which the device must be maintained under reset, is
1.7 V.

A comprehensive set of power-saving mode allows to design low-power applications.

When the internal reset is OFF, the following integrated features are no more supported:
e  The integrated power-on reset (POR) / power-down reset (PDR) circuitry is disabled
e  The brownout reset (BOR) circuitry must be disabled

e The embedded programmable voltage detector (PVD) is disabled

e Vg7 functionality is no more available and Vgar pin should be connected to Vpp.

All packages, except for the LQFP100/LQFP64, allow to disable the internal reset through
the PDR_ON signal.

Voltage regulator

The regulator has four operating modes:
e  Regulator ON

—  Main regulator mode (MR)

—  Low power regulator (LPR)

—  Power-down
e  Regulator OFF

Regulator ON

On packages embedding the BYPASS_REG pin, the regulator is enabled by holding
BYPASS_REG low. On all other packages, the regulator is always enabled.
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STM32F446xC/E

Functional overview

Figure 8. Startup in regulator OFF: slow Vpp slope
power-down reset risen after Voap 1/Vcap 2 stabilization

A
VDD
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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 [----- /
i VCAP_1/V CAP_2
Vig [==f-=1---
Min Vg |- --dmm oo mm oo \
— i time
b NRST ;
i il time  ai18492e

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
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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 9. Legend/abbreviations used in the pinout table

Name Abbreviation Definition
Pin name Unless otherwise specified in brackets below the pin name, the pin function during and after
reset is the same as the actual pin name
S Supply pin
Pin type | Input only pin
I/10 Input / output pin
FT 5V tolerant /0
FTf 5V tolerant |10, I12C FM+ option
I/O structure TTa 3.3 V tolerant I/O directly connected to ADC
B Dedicated BOOTO pin
RST Bidirectional reset pin with weak pull-up resistor
Notes Unless otherwise specified by a note, all I/Os are set as floating inputs during and after reset
Alterpate Functions selected through GPIOx_AFR registers
functions
Addltl'onal Functions directly selected/enabled through peripheral registers
functions
Table 10. STM32F446xx pin and ball descriptions
Pin Number
-

° | » 3 ¥ | Pin name (function g % o Additional
d|elal=s | 2| 3| 2| Alternate functions ,
a3l S|a after reset) IS functions
Glw | O 8 T |
J19 | d e (¢ =

a | 2 S 4

TRACECLK, SPI4_SCK,

- 1 | D7 | A3 1 PE2 /O |FT| - QUSAAIZI)1S_P'\IACI:3LKK1_AI'02 -
FMC_A23, EVENTOUT
TRACEDO, SAI1_SD_B,

R e PE3 VO FT| - FMC_A19, EVENTOUT i
TRACED1, SPI4_NSS,

- 3 | A9 | B2 3 PE4 /O |FT| - SAI1_FS_A, FMC_AZ20, -
DCMI_D4, EVENTOUT
TRACED2, TIM9_CH1,

- 4 - B3 | 4 PE5 /O | FT | - SPIL‘:\A_Ic\:Ali(231 Sgg,\_mS%}é_A, -

EVENTOUT
46/202 DoclD027107 Rev 6 ‘Yl




STM32F446xC/E

Pinout and pin description

Table 10. STM32F446xx pin and ball descriptions (continued)

Pin Number
g
° | % 3 ¥ | Pin name (function g % 4 Additional
3lelals |3 2| 3| 2| Alternate functions .
a5 || S| after reset) I functions
GlL|lo| @ |. & o
J19 | d e (¢ =
- ; S -
TIM4_CH3,
FMPI2C1_SCL,
- | 61| - |KI1| 85 PD14 I/O |FTf| - SAI2_SCK_A_FMG._DO, -
EVENTOUT
TIM4_CH4,
- | 62| - |K12| 86 PD15 I/O |FTf| - | FMPI2C1_SDA, FMC_D1, -
EVENTOUT
- - - | J12| 87 PG2 /O |FT| - | FMC_A12, EVENTOUT -
- - - | J11| 88 PG3 /O |FT| - | FMC_A13, EVENTOUT -
FMC_A14/FMC_BAO,
- - - | J10| 89 PG4 /O | FT| - EVENTOUT -
FMC_A15/FMC_BA(,
- - - |H12| 90 PG5 /O |FT| - EVENTOUT -
QUADSPI_BK1_NCS,
T (A1 o PG6 VO | FT - DCMI_D12, EVENTOUT )
USART6_CK, FMC_INT,
T - |H10] 92 PG7 VO | FT ] - DCMI_D13, EVENTOUT )
SPDIFRX_IN2,
- - - | G11| 93 PGS /O |FT| - USART6_RTS, -
FMC_SDCLK, EVENTOUT
- - - - | 94 VSS - - - -
- | - - |F10| - VDD - - - -
-| - |E1|C11] 95 VDDUSB -] - - -
TIM3_CH1, TIM8_CHH1,
FMPI2C1_SCL,
37| 63 | F1 |G12| 96 PC6 I/O |FTf| - | 1282_MCK, USART6_TX, -
SDIO_D6, DCMI_DO,
EVENTOUT
TIM3_CH2, TIM8_CH2,
FMPI2C1_SDA,
SPI2_SCK/I2S2_CK,
38|64 | F2 | F12| 97 PC7 I/O |FTf| - 1253 MCK, SPDIFRX_INA, -
USART6_RX, SDIO_D7,
DCMI_D1, EVENTOUT
TRACEDO, TIM3_CH3,
TIM8_CH3, UART5_RTS,
39| 65 | F3 | F11 | 98 PC8 /O |FT| - USART6, CK. SDIO. DO -
DCMI_D2, EVENTOUT
‘Yl DoclD027107 Rev 6 53/202




Pinout and pin description

STM32F446xC/E

Table 10. STM32F446xx pin and ball descriptions (continued)

Pin Number
g
[} =]

o | % 3 ¥ | Pin name (function < R Additional
1S |lals |3 =1 2% Alternate functions .
a5 || S| after reset) I functions
Lie | o9 | o
S|§|g|e |8 o

-l ; S -l
63|99 | B7 | E6 | - VSS S| - |- - -

- | B8 | E5 | 143 PDR_ON S| - |- - -
64 | 100 | A8 | F5 | 144 VDD S| - |- - -

1.

PA11, PA12, PB14 and PB15 I/Os are supplied by VDDUSB

58/202
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STM32F446xC/E Electrical characteristics

Table 23. Typical and maximum current consumption in Run mode, code with data processing
running from Flash memory (ART accelerator enabled except prefetch) or RAM™

Max(@
Symbol Parameter | Conditions | fc Lk (MHZz) Typ Tp= Tp = Tp= Unit
25°C | 85°C | 105°C
180 72 83.00 | 100.0 | 110.0%)
168 65 71.0 95.3 101.0
150 59 63.6 85.4 100.8
External clock, 1440) 54 58.4 78.8 91.2
PLL ON, 120 40 44.9 62.1 73.2
all peripherals
enabled®®) 90 30 35.3 50.7 60.0
60 21 25.5 39.2 46.8
30 12 16.2 28.1 36.0
25 10 14.41 | 26.17 324
16 6 11.4 23.1 25.2
HSI, PLL OFF, 8 3 9.5 20.3 225
all peripherals
enabled 4 2.3 8.3 18.9 21.1
Supply 2 1.8 7.7 18.1 20.5
| current in mA
°® | RUN mode 180 32 4200 | 590 | 75.00)
168 29 355 514 55.7
150 26 315 47.8 51.9
External clock, 144(6) 24 29.2 447 48.6
PLL ON,
) 120 18 23.3 36.8 404
all Peripherals
disabled® 90 14 19.0 31.8 35.1
60 10 14.7 26.9 29.9
30 6 10.7 22.1 24.9
25 5 9.96 2124 | 24.02
16 3 8.7 18.9 21.9
HSI, PLL OFF, 8 2 8.1 17.8 20.9
all peripherals
disabled® 4 17 7.64 17.23 | 20.32
2 1.4 74 16.94 | 20.03

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.

Tested in production.
Overdrive OFF

‘Yl DoclD027107 Rev 6 83/202




Electrical characteristics STM32F446xC/E

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

Max
. fHCLK .
Symbol | Parameter Conditions (MHz) Typ To=25 To=25 To=25 Unit
°C °C °C
180 51.2 59.00 77.25 102.00
168(2) 46.8 53.94 66.48 79.40
150 42.2 49.26 60.84 73.41
External 144(2) 38.6 45.37 55.47 66.96
clock,
PLL ON, 120 29.3 35.70 42.49 51.46
Supply al Flash on 90 22.8 29.17 34.78 43.12
IDD g‘lj;;ep”t " | peripherals 60 163 | 22.41 27.12 34.83 mA
mode enabled 30 10.1 16.03 19.72 26.86
25 9.0 14.92 18.41 25.38
16 6.5 13.10 15.1 223
HSI, PLL 8 5.2 12.31 13.5 20.4
off, Flash
on 4 45 11.63 12.5 19.3
2 4.1 11.23 12.0 18.8
86/202 DoclD027107 Rev 6 ‘Yl




Electrical characteristics

STM32F446xC/E

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

Max
.o fHCLK .
Symbol | Parameter Conditions (MHz) Typ To=25 To=25 To=25 Unit
°C °C °C
16 3.89 4.93 11.72 18.54
8 2.45 3.29 11.66 18.46
Flash on
4 1.69 2.56 11.60 18.40
2 1.28 2.22 11.57 18.37
; 16 1.0 6.65 16.54 19.50
Supply Hsl pLL | Flashin
currentin | off. all Deep 8 0.9 6.93 16.48 19.45
IDD . Power mA
Sleep peripherals | o 4 0.9 6.90 16.43 19.39
mode disabled d
moae 2 0.9 6.88 16.41 19.37
16 1.0 6.7 16.5 19.5
Flash in 8 0.9 6.9 16.5 19.5
STOP
mode 4 0.9 6.9 16.4 19.4
2 0.9 6.9 16.4 19.4
1. Guaranteed based on test during characterization unless otherwise specified.
2. Overdrive OFF
88/202 DoclD027107 Rev 6 Kys




STM32F446xC/E

Electrical characteristics

Table 30. Typical current consumption in Run mode, code with data processing

running from Flash memory or RAM, regulator ON

(ART accelerator enabled except prefetch), VDD=1.7 V(1)

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

168 65.11 70.0 79.7 90.0

150 58.31 62.8 73.4 79.9

144 53.14 | 57.1 69.9 75.3

All Peripherals 120 39.58 | 472 60.7 71.4
enabled 90 2999 | 3470 | 4523 | 49.34

60 2037 | 252 35.2 38.2

30 11.37 12.9 28.4 33.2

Supply currentin 25 9.65 10.9 17.8 24.3

Ipp Run mode from mA

Vo supply 168 2074 | 3243 | 424 485

150 2581 | 2912 | 394 43.8

144 2457 | 26.61 36.0 41.9

All Peripherals 120 17.69 | 22.09 | 329 40.8

disabled 90 1358 | 1592 | 30.0 36.5

60 9.41 11.05 | 24.4 30.2

30 5.44 6.64 15.0 22.0

25 473 5.72 12.57 | 19.06

1. When peripherals are enabled, the power consumption corresponding to the analog part of the peripherals (such as ADC,

or DAC) is not included.

3
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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

126/202

Figure 34. I2C bus AC waveforms and measurement circuit

VDD _I2C VDD_I2C

STM32Fxx
SDA
sCL
START REPEATED
. /
/ —/_i\— START
| tsusTA) i
. / X X b /
S .! : : L Al !
. i et ' N ST ! !
f(SDA) e i e 1r(SDA) -”—i*tSU(SDA); STOR”  Hie——wty(sTOSTA)
1 1 !
th(STA)"_N‘tW(SCer) —bl—‘d—th(SDA) 1 i
: ! .. 1 |
AT
h
WSCLL) H—>  tscL) e > tysol) S lsu(STO)

ai14979¢

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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Electrical characteristics

Figure 39. I2S slave timing diagram (Philips protocol)“)

- tC(CK) —>E
3 : | : : '
£ I ! ] I 1
x : | : L e :
o
' 1 ' I I
tw(CKH) —i<—>:<—>§- tw(CKL) E : th(ws)
WS input j ' | : i
tsu(ws) g : : v(SD_ST) : h(SD_ST)
D T\ V.  ———\—""""""
SDiransmit X LSB transmit® X MSB transmit Bitn transmit LSB transmit
tsu(SD_SR) ' h(SD_SR)
SDreceive X LSB receive@ MSB receive Bitn re_c:el_v_e_ i LSB receive
ai14881b
1. LSB transmit/receive of the previously transmitted byte. No LSB transmit/receive is sent before the first
byte.
Figure 40. I2S master timing diagram (Philips protocol)“)
———
. ti(CK) > tr(CK)
'
.4— tC(CK) —>'
S| CcPOL=0 / \ } \ /I
s ‘
E tw(CKH)—<—>E !
B h
CPOL =1 \ / \ /
ty(ws) > -~
WS output |
SDtransmit X LSB transmit(@ X M$B transmit Bitn transmit L LSB transmit
tsu(sp_ MR) h(SD_MR)
SDreceive X LSB receive® MSB receive Bitn receive LSB receive
ai14884b
1. LSB transmit/receive of the previously transmitted byte. No LSB transmit/receive is sent before the first

3

byte.
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Electrical characteristics STM32F446xC/E

Table 74. ADC characteristics (continued)

Symbol Parameter Conditions Min Typ Max Unit
12-bit resolution
- - 2 M
Single ADC sps
. 12-bit resolution
Sampling rate Interl Dual ADC 3.75 Msps
fS(Z) (fapc = 30 MHz, and mnoedr‘.::eave ua . p
ts = 3 ADC cycles)
12-bit resolution
Interleave Triple ADC - - 6 Msps
mode
ADC Vggg DC current
IVREF+(2) consumption in conversion - - 300 500 MA
mode
ADC Vppa DC current
IVDDA(Z) consumption in conversion - - 1.6 1.8 mA
mode

1. 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).

2. Guaranteed based on test during characterization.
3. VRer-+ is internally connected to Vppp and Vggg. is internally connected to Vgga.
4. Rapc maximum value is given for Vpp=1.7 V, and minimum value for Vpp=3.3 V.
5. For external triggers, a delay of 1/fpc ko must be added to the latency specified in Table 74.
Equation 1: Ry max formula
(k—0.5)
Ran = Ni2 Rapc
fapc X 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 75. ADC static accuracy at fopc = 18 MHz(")
Symbol Parameter Test conditions Typ Max(?) Unit
ET Total unadjusted error +3 4
f =18 MHz
EO | Offset error ADC 12 +3
VDDA= 1.7t0 3.6V LSB
EG Gain error Vrer =1.7t03.6V +1 +3
ED |Differential linearity error Vopba—Vrep< 1.2V +1 +2
EL Integral linearity error +2 +3
Better performance could be achieved in restricted Vpp, frequency and temperature ranges.
2. Guaranteed based on test during characterization.
142/202 DoclD027107 Rev 6 Kys




Electrical characteristics STM32F446xC/E

General PCB design guidelines

Power supply decoupling should be performed as shown in Figure 47 or Figure 48,
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 47. Power supply and reference decoupling (Vgrgg+ not connected to Vppa)

STM32F
¥ 1 vrer: O
\ 4 ' L:l
1
1
1
1
1
1
1
1
1
1 uF // 10 nF 1
1
—.—[:l VDDA
1uF//10nF ___
L 3 L [:l Vssa/VRers+'"
ai17535b

1. VRer+ and Vgeg_inputs are both available on UFBGA144. Vgeg. is also available on LQFP100, LQFP 144,
and WLCSP81. When VRgg+ and Vrgg_ are not available, they are internally connected to Vppa and Vgga.

3
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Electrical characteristics STM32F446xC/E

Table 85. DAC characteristics (continued)

Symbol Parameter Conditions Min | Typ | Max | Unit Comments
Integral non ) ) ) +1 |LSB Given for the DAC in 10-bit
linearity (difference - configuration.
between
measured value at

INL@) Code i and the
value at Code i on ) | | 44 |Lsg |Givenfor the DAC in 12-bit
aline drawn - configuration.
between Code 0
and last Code
1023)
Offset error ) ) ) +10 | mv Given for the DAC in 12-bit
(difference - configuration
between : ; :
Given for the DAC in 10-bit at
Offset | measured value at - - - 3 |LSB|y, =36V
REF+ = 9-
Code (0x800) and
the ideal value = ) ) ) +12 |LsB Given for the DAC in 12-bit at
VReF+/2) - VRer+ =3.6 V
Ga|?4) Gain error ) ) ) +05 | % legn for Fhe DAC in 12-bit
error configuration
Total Harmonic
(4
’[SETTS_ING Distortion . . 3 6 | us gLOAD ifgok?zﬁ
Buffer ON LOAD =
“) . . . ) . CLoap <50 pF,

THD dB Rioap = 5 kQ
Max frequency for
a correct

Update | PAC_OUT change MS/ | CLoap <50 pF,

rate® when small - - - 1 s IR > 5 KO
variation in the LOAD =
input code (from
code i to i+1LSB)
Wakeup time from
off state (Setting CLoap £50 pF, R oap = 5 kQ
twakeup™® [the ENx bit in the - - | 65| 10 | ps |inputcode between lowest
DAC Control and highest possible ones.
register)
Power supply
(2) | rejection ratio (to ) ) ) ) -
PSRR+ VDDA) (Stath DC 67 40 dB [No RLOAD’ CLOAD 50 pF
measurement)

1. 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).

Guaranteed by design.

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

4. Guaranteed based on test during characterization.

3
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STM32F446xC/E Electrical characteristics

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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Electrical characteristics

1. C_=30pF.

2. Guaranteed based on test during characterization.

Figure 57. Synchronous non-multiplexed PSRAM write timings

-l
Y

FMC_CLK 1

’
’
4

td(CLKL-
FMC_NEx

tW(CLK)—<—><—>— tw(CLK)

Data latency

) 4
1 1
e t(CLKH-NEXH) ':—F
1 1 1
1 1

1
I
< t4(CLKL-NADVH)

d(CLKH-AV)

1
1
1
1
|
1
:
t
1
1
1 1 1

td(GLKH- NWE:H »:—P

A

<« 1d(CLKL-D4ta)

D1

:X D2 !

FMC_NWAIT

>

(WAITCFG = Ob, WAITPOL + Ob)
1

FMC_NBL | \
1

] Y

I

‘su(NWA:ITV-CLKH)-

> td{CLKH-NBLH

1

1 1

th(CLKHI-NWAITV): :
1

1

1

MS32760V1

3

DoclD027107 Rev 6

165/202




STM32F446xC/E

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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Device marking for UFBGA144 7 x 7 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 78. UQFP144 7 x 7 mm marking example (package top view)
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Ball A1
indentifier

STM32F
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Additional
—information

MSv37953V1

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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