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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
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114
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FLASH
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1.7V ~ 3.6V

A/D 24x12b; D/A 2x12b

Internal

-40°C ~ 85°C (TA)

Surface Mount
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144-UFBGA (7x7)
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Description STM32F446xC/E
Figure 3. STM32F446xC/E block diagram
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Functional overview

STM32F446xC/E

3.18

28/202

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

Package Regulator ON Regulator OFF | Internal reset ON | Internal reset OFF
LQFP144 Yes No
Yes Yes
UFBGA144 Yes Yes PDR_ON PDR_ON
BYPASS_REG | BYPASS_REG setto Vpp setto VSS
WLCSP81 set to Vss set to VDD

Real-time clock (RTC), backup SRAM and backup registers

The backup domain includes:

e  The real-time clock (RTC)
e 4 Kbytes of backup SRAM
e 20 backup registers

The real-time clock (RTC) is an independent BCD timer/counter. Dedicated registers contain
the second, minute, hour (in 12/24 hour), week day, date, month, year, in BCD (binary-
coded decimal) format. Correction for 28, 29 (leap year), 30, and 31 day of the month are
performed automatically. The RTC provides a programmable alarm and programmable
periodic interrupts with wakeup from Stop and Standby modes. The sub-seconds value is
also available in binary format.

It is clocked by a 32.768 kHz external crystal, resonator or oscillator, the internal low-power
RC oscillator or the high-speed external clock divided by 128. The internal low-speed RC
has a typical frequency of 32 kHz. The RTC can be calibrated using an external 512 Hz
output to compensate for any natural quartz deviation.

Two alarm registers are used to generate an alarm at a specific time and calendar fields can
be independently masked for alarm comparison. To generate a periodic interrupt, a 16-bit
programmable binary auto-reload downcounter with programmable resolution is available
and allows automatic wakeup and periodic alarms from every 120 ps to every 36 hours.

A 20-bit prescaler is used for the time base clock. It is by default configured to generate a
time base of 1 second from a clock at 32.768 kHz.

The 4-Kbyte backup SRAM is an EEPROM-like memory area. It can be used to store data
which need to be retained in VBAT and standby mode. This memory area is disabled by
default to minimize power consumption (see Section 3.19: Low-power modes). It can be
enabled by software.

The backup registers are 32-bit registers used to store 80 bytes of user application data
when Vpp power is not present. Backup registers are not reset by a system, a power reset,
or when the device wakes up from the Standby mode (see Section 3.19: Low-power
modes).

Additional 32-bit registers contain the programmable alarm subseconds, seconds, minutes,
hours, day, and date.

Like backup SRAM, the RTC and backup registers are supplied through a switch that is
powered either from the Vpp supply when present or from the Vgar pin.
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Functional overview STM32F446xC/E

3.23 Universal synchronous/asynchronous receiver transmitters
(USART)

The devices embed four universal synchronous/asynchronous receiver transmitters
(USART1, USART2, USART3 and USART®6) and four universal asynchronous receiver
transmitters (UART4, and UARTS).

These six interfaces provide asynchronous communication, IrDA SIR ENDEC support,
multiprocessor communication mode, single-wire half-duplex communication mode and
have LIN Master/Slave capability. The USART1 and USART®6 interfaces are able to
communicate at speeds of up to 11.25 Mbit/s. The other available interfaces communicate
at up to 5.62 bit/s.

USART1, USART2, USART3 and USART®6 also provide hardware management of the CTS
and RTS signals, Smart Card mode (ISO 7816 compliant) and SPI-like communication
capability. All interfaces can be served by the DMA controller.

Table 8. USART feature comparison“)

SPI Max. baud Max. baud

USART |Standard | Modem LIN | maste irD | Smartcard | rate in Mbit/s | rate in Mbit/s APB

name features | (RTS/CTS) r A | (ISO 7816) | (oversamplin | (oversamplin | mapping
g by 16) g by 8)

APB2

USART1 X X X X X X 5.62 11.25 (max.
90 MHz)

APB1

USART2 X X X X X X 2.81 5.62 (max.
45 MHz)

APB1

USART3 X X X X X X 2.81 5.62 (max.
45 MHz)

APB1

UART4 X X X - X - 2.81 5.62 (max.
45 MHz)

APB1

UART5 X X X - X - 2.81 5.62 (max.
45 MHz)

APB2

USART6 X X X X X X 5.62 11.25 (max.
90 MHz)

1. X =feature supported.

3.24 Serial peripheral interface (SPI)

The devices feature up to four SPIs in slave and master modes in full-duplex and simplex
communication modes. SPI1, and SPI4 can communicate at up to 45 Mbits/s, SPI2 and
SPI3 can communicate at up to 22.5 Mbit/s. The 3-bit prescaler gives 8 master mode
frequencies and the frame is configurable to 8 bits or 16 bits. The hardware CRC
generation/verification supports basic SD Card/MMC modes. All SPIs can be served by the
DMA controller.
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STM32F446xC/E Pinout and pin description

4 Pinout and pin description

Figure 10. STM32F446xC/xE LQFP64 pinout
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1. The above figure shows the package top view.
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STM32F446xC/E

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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STM32F446xC/E

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

56

90

B5

A6

134

PB4(NJTRST)

I/0

FT

NJTRST, TIM3_CHH,
12C3_SDA, SPI1_MISO,
SPI3_MISO,
SPI2_NSS/I2S2_WS,
EVENTOUT

57

91

A6

B6

135

PB5

I/0

FT

TIM3_CH2, 12C1_SMBA,
SPI1_MOSI/12S1_SD,
SPI3_MOSI/12S3_SD,

CAN2_RX,
OTG_HS_ULPI_D7,
FMC_SDCKET,
DCMI_D10, EVENTOUT

58

92

C5

C6

136

PB6

I/0

FT

TIM4_CH1, HDMI_CEC,
12C1_SCL, USART1_TX,
CAN2_TX,
QUADSPI_BK1_NCS,
FMC_SDNE1, DCMI_DS5,
EVENTOUT

59

93

B6

D6

137

PB7

I/0

FT

TIM4_CH2, 12C1_SDA,
USART1_RX,
SPDIFRX_INO, FMC_NL,
DCMI_VSYNC,
EVENTOUT

60

94

A7

D5

138

BOOTO

VPP

61

95

C6

C5

139

PB8

I/0

FT

TIM2_CH1/TIM2_ETR,
TIM4_CH3, TIM10_CH1,
12C1_SCL, CAN1_RX,
SDIO_D4, DCMI_D8,
EVENTOUT

62

96

C7

B5

140

PB9

I/0

FT

TIM2_CH2, TIM4_CH4,
TIM11_CH1, 12C1_SDA,
SPI2_NSS/I2S2_WS,
SAI1_FS_B, CAN1_TX,
SDIO_D5, DCMI_D7,
EVENTOUT

97

A5

141

PEO

110

FT

TIM4_ETR,
SAI2_MCLK_A,
FMC_NBLO, DCMI_D2,
EVENTOUT

A4

142

PE1

110

FT

FMC_NBL1, DCMI_D3,
EVENTOUT

3
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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/ USSAI??I{TSI Ttl:l\?‘lr‘?/{]%/ QUSAA[IJZSIPU FmC/
SYS TIM1/2 TIM3/4/5 10/11/ J4ICEC 4 SAM 2/3/[UART UART4/5/ 14/ OTG2 HS/ OTG1_FS SDIO/ DCMI - SYS
CEC 5/SPDIFR 5 — OTG2_FS
X SPDIFRX | QUADSPI | OTG1_FS —
EVENT
PGO - - - - - - - - - - - - FMC_A10 - - ooy
EVENT
PG . . . . . . . . . . . . FMC_A11 . . oo
EVENT
PG2 - - - - - . - - - - - - FMC_A12 - - ooy
EVENT
PG3 . . . . . . . . . . - - FMC_A13 . . oo
FMC_A14/ EVENT
PG4 ° ° ° ° ° ° ° ° ° ° ° ° FMC_BAO - ° ouT
FMC_A15/ EVENT
PG5 - - - - - - - - - - - - FMC_BAT - - ouT
- ) ) ) ) ) ] ) ) ) ) QUADSPI_ ) ) DCMI_ ) EVENT
BK1_NCS D12 ouT
USART6_C DCMI_ EVENT
PG7 . . . . . . . . N . . . Fmc_NT | S . oo
Port G PGS SPDIFRX_ | USART6_R FMC_ EVENT
° ° ° ° ° ° ° IN2 TS ° ° ° SDCLK ° ° ouTt
SPDIFRX_ | USART6_R | QUADSPI_ FMC_NE2/ | DCMI EVENT
PG9 - - - - - - - IN3 X BK2 102 | SAI2_FS_B - FMC_NCE3 | VSYNCT™) - ouT
EVENT
PG10 | - - - - - . - - - - SAI2_SD_B . FMC_NE3 | DCMI_D2 - ooy
SPI4_ | SPDIFRX_ } EVENT
PG11 . . . . . . oK NG . . . . DCMI_D3 . oo
SPI4_ | SPDIFRX_ | USARTS R EVENT
PG12| - - - - - - MISO IN1 TS - - - FMC_NE4 - - ouT
TRACE SPI4_ USART6_C EVENT
PG13 | pp - - - - - MOSI - TS - - - FMC_A24 - - ouT
TRACE SPI4_ USART6_T | QUADSPI_ EVENT
PG14| "3 - - - - - NSS - X BK2_103 - - FMC_A25 - - ouT
pats | - ) ] ) ) _ ) ) USART6_C ) ] ] FMC_ DCMI_ ] EVENT
TS SDNCAS D13 ouT

3/0X9vy4CEINLS

uonduosap uid pue nould



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




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




STM32F446xC/E Electrical characteristics

Table 37. High-speed external user clock characteristics

Symbol Parameter Conditions Min Typ Max | Unit
External user clock source
fHSE_ext frequency(!) 1 - 50 | MHz
Vusen | OSC_IN input pin high level voltage 0.7Vpp - Vpp v
Vuser | OSC_IN input pin low level voltage ) Vss - 0.3Vpp
bw(HSE) OSC_IN high or low time(") 5 - -
tw(HsE)
ns
trHsE) OSC_|IN rise or fall time(") - - 10
tiHsE)
Cinse) | OSC_IN input capacitance(" - - 5 - pF
DuCy(HSE) Duty cycle - 45 - 55 %
I OSC_IN Input leakage current Vss< VN £ Vpp - - +1 MA

1. Guaranteed by design.

Low-speed external user clock generated from an external source

In bypass mode the LSE oscillator is switched off and the input pin is a standard 1/0. The
external clock signal has to respect the Table 56: I/O static characteristics. However, the
recommended clock input waveform is shown in Figure 24.

The characteristics given in Table 38 result from tests performed using an low-speed
external clock source, and under ambient temperature and supply voltage conditions
summarized in Table 16.

Table 38. Low-speed external user clock characteristics

Symbol Parameter Conditions Min Typ Max Unit
User External clock source
fLSE ext frequency() - 32.768 1000 kHz
OSC32_IN input pin high level
VLSEH | yoltage - PRI TS 0.7Vbp - Voo v
ViseL OSC32_IN input pin low level voltage - Vss - 0.3Vpp
tW(LSE) | 0SC32_IN high or low time( 450 - -
tiLsE) s
t(LSE) | 0SC32 IN rise or fall time(" - - 200
tiLsE)
Cinsey | OSC32_IN input capacitance(") - - 5 - pF
DuCy sy | Duty cycle - 30 - 70 %
I OSC32_IN Input leakage current Vss< VN £Vpp - - 11 MA

1.

3

Guaranteed by design.
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Electrical characteristics STM32F446xC/E

possible to the oscillator pins in order to minimize output distortion and startup stabilization
time. Refer to the crystal resonator manufacturer for more details on the resonator
characteristics (frequency, package, accuracy).

Table 40. LSE oscillator characteristics (f_sg = 32.768 kHz) (1)

Symbol Parameter Conditions Min | Typ | Max | Unit
Re Feedback resistor - - 18.4 - MQ
Ipp LSE current consumption - - - 1 MA
ACC_sg® |LSE accuracy - 500 | - 500 | ppm
i " Startup low-power mode - - 0.56
G,,_crit_max Maximum critical crystal ANV
Im Startup high-drive mode - - 1.5
tSU(LSE)(3) startup time Vpp is stabilized - 2 - s
1. Guaranteed by design.
This parameter depends on the crystal used in the application. Refer to application note AN2867.
3. tsy(sk) is the startup time measured from the moment it is enabled (by software) to a stabilized
32.768 kHz oscillation is reached. This value is guaranteed based on test during characterization. It is
measured for a standard crystal resonator and it can vary significantly with the crystal manufacturer.
Note: For information on selecting the crystal, refer to the application note AN2867 “Oscillator
design guide for ST microcontrollers” available from the ST website www.st.com.
Figure 26. Typical application with a 32.768 kHz crystal
Resonator with
integrated capacitors
. Ciq,
. : fLsE
\ Bias L
|:I-32'768tkHZ RE| controlled
~resonator gain
STM32F
ai17531
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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
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Figure 35. FMPI2C timing diagram and measurement circuit
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Table 65. QSPI dynamic characteristics in DDR Mode(") (continued)

Symbol Parameter Conditions Min Typ Max Unit
MWCKH) | 01 clock high and low ] Tew/2)-2) - Tiew /2
twckL) Tcky/ 2 - (Teky/ 2) +2
tsany Data input setup time - 0 - -
than) Data input hold time - 5.5 - - ns
2.7V <VDD< 3.6V - 55 6.5
tyout) |Data output valid time 171V <VDD< 3.6V - 5 o5
thour) | Data output hold time - 3.5 - -

1. Guaranteed based on test during characterization.

I2S interface characteristics

Unless otherwise specified, the parameters given in Table 66 for the 1S interface are
derived from tests performed under the ambient temperature, foc| kx 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: /O port characteristics for more details on the input/output alternate
function characteristics (CK, SD, WS).

Table 66. I2S dynamic characteristics(")

Symbol Parameter Conditions Min Max Unit
fuck | 12S Main clock output - 256 x 8K | 256 x Fs?) | MHz
Master data - 64 x Fs
fek 12S clock frequency MHz
Slave data - 64 x Fs
Dck 12S clock frequency duty cycle | Slave receiver 30 70 %
Kys DoclD027107 Rev 6 133/202
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Table 70. USB OTG full speed electrical characteristics("

Driver characteristics

Symbol Parameter Conditions Min Max Unit
t Rise time(?) C_ =50 pF 4 20 ns
te Fall time(® C_ =50 pF 4 20 ns

trfm Rise/ fall time matching t/t 90 110 %
VeRs Output signal crossover voltage - 1.3 20 \Y
ZpRv Output driver impedance(®) :Z())aving high or 28 44 Q

Guaranteed by design.

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

3. No external termination series resistors are required on DP (D+) and DM (D-) pins since the matching
impedance is included in the embedded driver.

USB high speed (HS) characteristics

Unless otherwise specified, the parameters given in Table 73 for ULPI are derived from
tests performed under the ambient temperature, f,c k frequency summarized in Table 72
and Vpp supply voltage conditions summarized in Table 71, with the following configuration:

e  Output speed is set to OSPEEDRY[1:0] = 10, unless otherwise specified
e Capacitive load C = 30 pF, unless otherwise specified
¢  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.

Table 71. USB HS DC electrical characteristics
Symbol Parameter Min.(" Max.(!) Unit

Input level Vpp USB OTG HS operating voltage 1.7 3.6 \Y

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

Table 72. USB HS clock timing parameters“)

Symbol Parameter Min Typ Max Unit
_ ficLk value to guarantee proper operation of ) }
USB HS interface 30 MHz
FstarT gBiT | Frequency (first transition) | 8-bit +10% 54 60 66 MHz
Fsteapy Frequency (steady state) 500 ppm 59.97 60 60.03 | MHz
DstarT gBiT | Duty cycle (first transition) | 8-bit +10% 40 50 60 %
DsTeEADY Duty cycle (steady state) £500 ppm 49.975 50 50.025 %
t Time to reach the steady state frequency and ) ) 14 ms
STEADY duty cycle after the first transition '
DocID027107 Rev 6 139/202
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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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Figure 49. 12-bit buffered/non-buffered DAC

Buffered/non-buffered DAC

Buffer("
— - - RLoOAD
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converter 1 1
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1. The DAC integrates an output buffer that can be used to reduce the output impedance and to drive external

loads directly without the use of an external operational amplifier. The buffer can be bypassed by

configuring the BOFFx bit in the DAC_CR register.

3
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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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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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Figure 74. LQFP144 recommended footprint
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1. Dimensions are expressed in millimeters.
184/202 DoclD027107 Rev 6 Kys




