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Embedded Flash memory

The devices embed a Flash memory of 512KB available for storing programs and data.

CRC (cyclic redundancy check) calculation unit

The CRC (cyclic redundancy check) calculation unit is used to get a CRC code from a 32-bit
data word and a fixed generator polynomial.

Among other applications, CRC-based techniques are used to verify data transmission or
storage integrity. In the scope of the EN/IEC 60335-1 standard, they offer a means of
verifying the Flash memory integrity. The CRC calculation unit helps compute a software
signature during runtime, to be compared with a reference signature generated at link-time
and stored at a given memory location.

Embedded SRAM

All devices embed:
e Up to 128Kbytes of system SRAM.

RAM memory is accessed (read/write) at CPU clock speed with 0 wait states.
e 4 Kbytes of backup SRAM

This area is accessible only from the CPU. Its content is protected against possible
unwanted write accesses, and is retained in Standby or VBAT mode.

Multi-AHB bus matrix

The 32-bit multi-AHB bus matrix interconnects all the masters (CPU, DMAs, USB HS) and
the slaves Flash memory, RAM, QuadSPI, FMC, AHB and APB peripherals and ensures a
seamless and efficient operation even when several high-speed peripherals work
simultaneously.
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3.19

3.20

3

Low-power modes

The devices support three low-power modes to achieve the best compromise between low
power consumption, short startup time and available wakeup sources:

e Sleep mode

In Sleep mode, only the CPU is stopped. All peripherals continue to operate and can
wake up the CPU when an interrupt/event occurs.

e Stop mode

The Stop mode achieves the lowest power consumption while retaining the contents of
SRAM and registers. All clocks in the 1.2 V domain are stopped, the PLL, the HSI RC
and the HSE crystal oscillators are disabled.

The voltage regulator can be put either in main regulator mode (MR) or in low-power
mode (LPR). Both modes can be configured as follows (see Table 5: Voltage regulator
modes in stop mode):

—  Normal mode (default mode when MR or LPR is enabled)
—  Under-drive mode.

The device can be woken up from the Stop mode by any of the EXTI line (the EXTI line
source can be one of the 16 external lines, the PVD output, the RTC alarm / wakeup /
tamper / time stamp events, the USB OTG FS/HS wakeup).

Table 5. Voltage regulator modes in stop mode

Voltage regulator .
configuration Main regulator (MR) Low-power regulator (LPR)
Normal mode MR ON LPR ON
Under-drive mode MR in under-drive mode LPR in under-drive mode

e Standby mode

The Standby mode is used to achieve the lowest power consumption. The internal
voltage regulator is switched off so that the entire 1.2 V domain is powered off. The
PLL, the HSI RC and the HSE crystal oscillators are also switched off. After entering
Standby mode, the SRAM and register contents are lost except for registers in the
backup domain and the backup SRAM when selected.

The device exits the Standby mode when an external reset (NRST pin), an IWDG reset,
a rising edge on the WKUP pin, or an RTC alarm / wakeup / tamper /time stamp event
occurs.

The standby mode is not supported when the embedded voltage regulator is bypassed
and the 1.2 V domain is controlled by an external power.

VgaT Operation

The Vgat pin allows to power the device Vgat domain from an external battery, an external
supercapacitor, or from Vpp when no external battery and an external supercapacitor are
present.

Vgat operation is activated when Vpp is not present.

The Vgat pin supplies the RTC, the backup registers and the backup SRAM.
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3.21 Timers and watchdogs
The devices include two advanced-control timers, eight general-purpose timers, two basic
timers and two watchdog timers.
All timer counters can be frozen in debug mode.
Table 6 compares the features of the advanced-control, general-purpose and basic timers.
Table 6. Timer feature comparison
Max Max
Timer - Counter Counter | Prescaler DMA Capture/ Complementary | interface | timer
Timer . request compare
type resolution type factor eneration | channels output clock clock
9 (MHz) | (MHz)™
Up, Anyinteger
Ai‘gir:rcgd' TT'I'\I\’/'I;' 16-bit Down, | between 1 Yes 4 Yes 90 180
Up/down | and 65536
TIM2 Up, Anyinteger
TIM5’ 32-bit Down, between 1 Yes 4 No 45 90/180
Up/down | and 65536
TIVM3 Up, Any integer
TIM4’ 16-bit Down, between 1 Yes 4 No 45 90/180
Up/down | and 65536
Any integer
TIM9 16-bit Up between 1 No 2 No 90 180
General and 65536
purpose ;
TIM10, . Any integer
TIMA1 16-bit Up between 1 No 1 No 90 180
and 65536
Any integer
TIM12 16-bit Up between 1 No 2 No 45 90/180
and 65536
Any integer
TTllmi’ 16-bit Up between 1 No 1 No 45 90/180
and 65536
TIV6 Any integer
Basic TIM7‘ 16-bit Up between 1 Yes 0 No 45 90/180
and 65536

1. The maximum timer clock is either 90 or 180 MHz depending on TIMPRE bit configuration in the RCC_DCKCFGR

register.

3
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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
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Memory mapping
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Table 12. STM32F446xC/E register boundary addresses(!) (continued)

Bus Boundary address Peripheral
- 0x4000 8000- 0x4000 FFFF

0x4000 7C00 - 0x4000 7FFF Reserved
0x4000 7800 - 0x4000 7BFF
0x4000 7400 - 0x4000 77FF DAC
0x4000 7000 - 0x4000 73FF PWR
0x4000 6C00 - 0x4000 6FFF HDMI-CEC
0x4000 6800 - 0x4000 6BFF CAN2
0x4000 6400 - 0x4000 67FF CAN1
0x4000 6000 - 0x4000 63FF FMPI2C1
0x4000 5C00 - 0x4000 5FFF 12C3
0x4000 5800 - 0x4000 5BFF 12C2
0x4000 5400 - 0x4000 57FF 12C1
0x4000 5000 - 0x4000 53FF UART5
0x4000 4C00 - 0x4000 4FFF UART4
0x4000 4800 - 0x4000 4BFF USART3
0x4000 4400 - 0x4000 47FF USART2
0x4000 4000 - 0x4000 43FF SPDIFRX

APBT 0x4000 3C00 - 0x4000 3FFF SPI3 /1283
0x4000 3800 - 0x4000 3BFF SPI2 /1282
0x4000 3400 - 0x4000 37FF Reserved
0x4000 3000 - 0x4000 33FF IWDG
0x4000 2C00 - 0x4000 2FFF WWDG

0x4000 2800 - 0x4000 2BFF

RTC & BKP Registers

0x4000 2400 - 0x4000 27FF Reserved
0x4000 2000 - 0x4000 23FF TIM14
0x4000 1C00 - 0x4000 1FFF TIM13
0x4000 1800 - 0x4000 1BFF TIM12
0x4000 1400 - 0x4000 17FF TIM7
0x4000 1000 - 0x4000 13FF TIM6
0x4000 0C00 - 0x4000 OFFF TIM5
0x4000 0800 - 0x4000 OBFF TIM4
0x4000 0400 - 0x4000 O7FF TIM3
0x4000 0000 - 0x4000 03FF TIM2

1.

The grey color is used for reserved boundary addresses.
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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.
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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
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Table 28. Typical and maximum current consumptions in Standby mode

Ta=25°C Taz | Ta= | Ta=
Symbol | Parameter Conditions A 25°C | 85°C | 105 °C | Unit

Vop=| Vpp= | Vbp = _
17V | 24V | 3.3V Vop =33V

Backup SRAM ON, and LSE
oscillator in low power mode

Backup SRAM OFF, RTC ON

2.43 3.44 412 7 20 36

and LSE oscillator in low 1.81 2.81 3.33 6 17 31
power mode
Backup SRAM ON, RTC ON
Supply and LSE oscillator in high 3.32 4.33 4.95 8 21 37
Ipp_sTay |current in drive mode HA
Standby mode | Backup SRAM OFF, RTC ON
and LSE oscillator in high 2.57 3.59 4.16 7 18 32
drive mode
Backup SRAM ON, RTC and (3) 3)
LSE OFF 2.03 2.73 3.5 6 19 35
Backup SRAM OFF, RTC (3) (3)
and LSE OFF 1.28 1.97 2.03 5 16 30

1. When the PDR is OFF (internal reset is OFF), the typical current consumption is reduced by 1.2 pA.
2. Guaranteed based on test during characterization unless otherwise specified.

3. Tested in production.

3

90/202 DocID027107 Rev 6




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.

96/202 DoclD027107 Rev 6 ‘Yl




Electrical characteristics

STM32F446xC/E

6.3.13

112/202

FO is fpr oyt nominal.
Trmode is the modulation period.
md is the modulation depth.

Figure 29. PLL output clock waveforms in center spread mode

Figure 29 and Figure 30 show the main PLL output clock waveforms in center spread and
down spread modes, where:

Frequency (PLL_OUT)
A

FO

tmode 2xtmode Time

ai17291

Figure 30. PLL output clock waveforms in down spread mode

Frequency (PLL_OUT)

A

FO

T T -
tmode 2xtmode Time

ai17292b

Memory characteristics

Flash memory
The characteristics are given at TA = - 40 to 105 °C unless otherwise specified.

The devices are shipped to customers with the Flash memory erased.

Table 47. Flash memory characteristics

Symbol Parameter Conditions Min Typ Max | Unit
Write / Erase 8-bit mode, Vpp = 1.7 V - 5 -

Ibp Supply current | Write / Erase 16-bit mode, Vpp =2.1V - 8 - mA
Write / Erase 32-bit mode, Vpp =3.3 V - 12 -

DoclD027107 Rev 6
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Table 58. I/0 AC characteristics(!)(2) (continued)

OSPEEDR
y[1:0] bit Symbol Parameter Conditions Min | Typ | Max | Unit
value("
CL =50 pF, Vpp= 2.7 V - - 25
C_ =50 pF, Vpp= 1.8 V - - | 125
CL =50 pF, Vpp= 1.7 V - - 10
fmax(oyut | Maximum frequency® MHz
CL= 10 pF, VDDZ2.7V - - 50
01 CL= 10 pF, VDDZ 1.8V - - 20
CL=10 pF, Vpp= 1.7 V - - | 125
CL=50 pF, VDD227V - - 10
Output high to low level fall | ¢, =10 pF, Vpp 22.7V - - 6
ttf('o)°“t/ time and output low to high L oo ns
rI0)out | |evel rise time C_ =50 pF, Vpp21.7V - - 20
C =10 pF, Vpp217V - - 10
C_ =40 pF,Vpp22.7V - - | 504
CL=10pF, Vpp22.7V - - | 100@
fmax(i0)out | Maximum frequency®) C_=40pF, Vpp21.7V - - 25 | MHz
CL=1O pF,VDDZ1.8V - - 50
10 CL=10pF, Vpp2 1.7V - - | 425
C_ =40 pF, Vpp 22.7 V - - 6
Output high to low level fall C_ =10 pF, Vpp 227V - - 4
ttf('o)"“t/ time and output low to high L Bo ns
r(10)out level rise time C_=40pF, Vpp21.7V - - 10
CL=1OpF1VDDZ1'7V - - 6
C_=30pF, Vpp22.7V - - | 100¥
C_=30pF, Vpp2 1.8V - - 50
CL=30pF, Vpp2 1.7V - - | 425
fmax(oyut | Maximum frequency® MHz
C_ =10 pF, Vppz 2.7 V - - | 180¥
C_ =10 pF, Vpp21.8V - - 100
y CL=10pF,Vpp2 1.7V - - | 725
CL=30pF,Vpp22.7V - - 4
C_ =30 pF, Vpp 21.8 V - - 6
Output high to low level fall C, =30 pF, Vpp 21.7V - - 7
tt‘c('o)"”t/ time and output low to high = oo ns
rI0)out | |evel rise time C =10 pF, Vpp22.7V - - 2.5
C_=10 pF, Vpp21.8V - - 3.5
CL=10 pF, Vpp21.7V - - 4
Pulse width of external
- texTipw | Signals detected by the EXTI - 10 - - ns
controller
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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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6.3.21 12-bit ADC characteristics
Unless otherwise specified, the parameters given in Table 74 are derived from tests
performed under the ambient temperature, fpc| k2 frequency and Vppp supply voltage
conditions summarized in Table 16.
Table 74. ADC characteristics
Symbol Parameter Conditions Min Typ Max Unit
Vppa | Power supply 1.7() - 3.6
” Vopa ~VRer+ < 1.2V ]
Vgrer+ | Positive reference voltage 1.7() - Vppa Vv
Vgrer- | Negative reference voltage - - 0 -
Vppa=17Mt0 2.4V 0.6 15 18 MHz
fanc | ADC clock frequency
Vppa=241t03.6V 0.6 30 36 MHz
fADC =30 MHZ,
. . - - 1764 kHz
frric® | External trigger frequency 12-bit resolution
- - - 17 1fapc
- @) ) 0(VgsaOr VRer- )
VaIN Conversion voltage range tied to ground) VREF+ V
@) . . See Equation 1 for ) )
Ran External input impedance details 50 KQ
RADC(z)(‘” Sampling switch resistance - - - 6 kQ
(2) |Internal sample and hold ) )
Canc capacitor 4 / PF
(@ |Injection trigger conversion fapc =30 MHz - - 0.100 Hs
lat latency - - - 30 | 1ffapc
t..(2) Regular trigger conversion fapc = 30 MHz - - 0.067 us
latr latency - - - 20) 1 1/fapc
fapc = 30 MHz 0.100 - 16 us
ts® | Sampling time ADC
- 3 - 480 1fapc
tstag® | Power-up time - - 2 3 us
fADC =30 MHz
. - 16.4
12-bit resolution 0-50 640 Hs
fADC =30 MHz
4 - 16.34
10-bit resolution 043 63 Hs
Total conversion time (including |f, = 30 MHz
tconv® - ADC 0.37 - 16.27 s
CONVE™ | sampling time) 8-bit resolution H
fADC =30 MHz
0.30 - 16.20
6-bit resolution Hs
9 to 492 (tg for sampling +n-bit resolution for successive 1§
ati ADC
approximation)
IS73 DoclD027107 Rev 6 141/202
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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.
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Figure 48. Power supply and reference decoupling (Vrgg+ connected to Vppa)

1uF//10nF ___

1

1

STM32F

:l VReF+Vopa()

] vrervssa

ai17536¢

VRer+ and Vreg_inputs are both available on UFBGA144.

£F+ is also available on LQFP100, LQFP144,

and WLCSP81. When VRgr+ and Vrgg_ are not available, they are internally connected to Vppa and Vgga.

6.3.22 Temperature sensor characteristics
Table 80. Temperature sensor characteristics
Symbol Parameter Min | Typ | Max Unit
.M Vsense linearity with temperature - 1 2 °C
Avg_SIopem Average slope - 2.5 - mV/°C
Vps(!) Voltage at 25 °C - o076 - %
tSTART(Z) Startup time - 6 10 V5
TS_temp(z) ADC sampling time when reading the temperature (1 °C accuracy) | 10 - - us

1. Guaranteed based on test during characterization.

2. Guaranteed by design.

Table 81. Temperature sensor calibration values

Symbol Parameter Memory address
TS_CAL1 | TS ADC raw data acquired at temperature of 30 °C, Vppa= 3.3V |Ox1FFF 7A2C - Ox1FFF 7A2D
TS_CAL2 | TS ADC raw data acquired at temperature of 110 °C, Vppa= 3.3V | OX1FFF 7A2E - Ox1FFF 7A2F
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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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Table 97. Synchronous non-multiplexed PSRAM write timings(!(2)

th(CLKH-NWAIT)

Symbol Parameter Min Max Unit
twcLk) FMC_CLK period 2Thok— 1 -
tacLkNext) | FMC_CLK low to FMC_NEX low (x=0..2) - 25
ta(cLkH-NExH) | FMC_CLK high to FMC_NEXx high (x=0...2) Thok — 0.5 -
tycLke-NaDvL) | FMC_CLK low to FMC_NADV low - 2
ty(cLkL-NADVH) | FMC_CLK low to FMC_NADV high 0 -
tycik-av) | FMC_CLK low to FMC_Ax valid (x=16...25) - 2
tacLkr-arvy | FMC_CLK high to FMC_Ax invalid (x=16...25) 0 - .
tycikenwer) | FMC_CLK low to FMC_NWE low - 3
ta(cLkH-NweH) | FMC_CLK high to FMC_NWE high Thok + 1 -
tycLKL-Data) | FMC_D[15:0] valid data after FMC_CLK low - 25
tacLke-ngLy) | FMC_CLK low to FMC_NBL low 3 -
tycLkH-nBLH) | FMC_CLK high to FMC_NBL high Thok+ 1.5 -
tsu(nwaIT-cLkH) | FMC_NWAIT valid before FMC_CLK high 1.5 -
FMC_NWAIT valid after FMC_CLK high 0 -

1. C_=30pF.
2. Guaranteed based on test during characterization.

NAND controller waveforms and timings

Figure 58 through Figure 61 represent synchronous waveforms, and Table 98 and Table 99
provide the corresponding timings. The results shown in this table are obtained with the

following FMC configuration:

e COM.FSMC_SetupTime = 0x01;

e COM.FMC_WaitSetupTime = 0x03;

e COM.FMC_HoldSetupTime = 0x02;

e COM.FMC_HiZSetupTime = 0x01;

e ATT.FMC_SetupTime = 0x01;

e ATT.FMC_WaitSetupTime = 0x03;

e ATT.FMC_HoldSetupTime = 0x02;

e ATT.FMC_HiZSetupTime = 0x01;

e Bank =FMC_Bank NAND;

e  MemoryDataWidth = FMC_MemoryDataWidth_16b;
e ECC=FMC_ECC_Enable;

e ECCPageSize = FMC_ECCPageSize_512Bytes;
e TCLRSetupTime =0;

e TARSetupTime = 0.

In all timing tables, the T k is the HCLK clock period.
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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
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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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Package information

Table 108. LQFP64 — 10 x 10 mm low-profile quad flat package mechanical data (continued)

millimeters inches(")
Symbol
Min Typ Max Min Typ Max
D 11.800 12.000 12.200 0.4646 0.4724 0.4803
D1 9.800 10.000 10.200 0.3858 0.3937 0.4016
D3 - 7.500 - - 0.2953 -
E 11.800 12.000 12.200 0.4646 0.4724 0.4803
E1 9.800 10.000 10.200 0.3858 0.3937 0.4016
E3 - 7.500 - - 0.2953 -
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.
Figure 68. LQFP64 Recommended footprint
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1. Drawing is not to scale.
2. Dimensions are in millimeters.
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Table 119. Document revision history

Date

Revision

Changes

17-Feb-2015

1

Initial release.

16-Mar-2015

Added note 2 inside Table 2

Updated Table 11, Table 23, Table 24, Table 25, Table 26, Table 30,
Table 51, Table 52, Table 53, and Table 61

Added condition inside Typical and maximum current consumption and
Additional current consumption

Added FMPI2C characteristics
Added Table 62 and Figure 35

29-May-2015

Updated:

— Section 6.3.15: Absolute maximum ratings (electrical sensitivity)

— Section 7: Package information

— Table 2: STM32F446xC/E features and peripheral counts

— Table 13: STM32F446xC/xE WLCSP81 ballout

— Figure 53: ESD absolute maximum ratings

— Figure 54: Synchronous multiplexed NOR/PSRAM read timings

Added:

— Figure 78: UQFP144 7 x 7 mm marking example (package top view),

— Figure 81: UQFP144 10 x 10 mm marking example (package top
view),

— Figure 84: WLCSP81 10 x 10 mm marking example (package top
view)

10-Aug-2015

Updated:

— Figure 14: STM32F446xC/xE UFBGA144 ballout

— Table 10: STM32F446xx pin and ball descriptions

— Table 18: VCAP_1/VCAP_2 operating conditions

— Section 3.15: Power supply schemes

— Section 6.3.2: VCAP_1/VCAP_2 external capacitor

Added:

— Figure 5: VDDUSB connected to an external independent power
supply

— Notes 3 and 4 below Figure 18: Power supply scheme
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