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3.21.6

3.22

3

Independent watchdog

The independent watchdog is based on a 12-bit downcounter and 8-bit prescaler. It is
clocked from an independent 32 kHz internal RC and as it operates independently from the
main clock, it can operate in Stop and Standby modes. It can be used either as a watchdog
to reset the device when a problem occurs, or as a free-running timer for application timeout
management. It is hardware- or software-configurable through the option bytes.

Window watchdog

The window watchdog is based on a 7-bit downcounter that can be set as free-running. It
can be used as a watchdog to reset the device when a problem occurs. It is clocked from
the main clock. It has an early warning interrupt capability and the counter can be frozen in
debug mode.

SysTick timer

This timer is dedicated to real-time operating systems, but could also be used as a standard
downcounter. It features:

e A 24-bit downcounter

e Autoreload capability

e Maskable system interrupt generation when the counter reaches 0

e  Programmable clock source.

Inter-integrated circuit interface (I2C)

Four I2C bus interfaces can operate in multimaster and slave modes. Three I1°C can support
the standard (up to 100 KHz) and fast (up to 400 KHz) modes.

One I2C can support the standard (up to 100 KHz), fast (up to 400 KHz) and fast mode plus
(up to 1MHz) modes.

They (all I*C) support the 7/10-bit addressing mode and the 7-bit dual addressing mode (as
slave).

A hardware CRC generation/verification is embedded.

They can be served by DMA and they support SMBus 2.0/PMBus.

The devices also include programmable analog and digital noise filters (see Table 7).

Table 7. Comparison of 12C analog and digital filters

- Analog filter Digital filter
Pulse width of Programmable length from 1 to 15
. >50ns .
suppressed spikes 12C peripheral clocks
DocID027107 Rev 6 33/202
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3.25

3.26

3.27

3

The SPI interface can be configured to operate in TI mode for communications in master
mode and slave mode.

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

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

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

Inter-integrated sound (IZS)

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

All 12Sx can be served by the DMA controller.

SPDIF-RX Receiver Interface (SPDIFRX)

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

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

e Up to 4 inputs available

e Automatic symbol rate detection

e  Maximum symbol rate: 12.288 MHz

e  Stereo stream from 32 to 192 kHz supported

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

e  Parity bit management

e  Communication using DMA for audio samples

e  Communication using DMA for control and user channel information

e Interrupt capabilities

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

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

40/202

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

Embedded Trace Macrocell™

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

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

3
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Pinout and pin description

Table 10. STM32F446xx pin and ball descriptions (continued)

Pin Number
o
[} =
<| 2| % |3 | g |Pinname (function | &£ | C | & Additional
© | 2 |4 | T | I =1 2% Alternate functions .
a5 || S| after reset) I functions
Lie | o9 | o
Clg|a|® | g o
Sl g5 4 =
- -] - | He | 6 VSS -] - - -
- - G6 | 62 VDD - - -
TIM1_CH2N,
- 41 J4 J7 63 PE10 /1O | FT | - QUADSPI_BK2_I03, -
FMC_D7, EVENTOUT
TIM1_CH2, SPI4_NSS,
- 42 - H8 | 64 PE11 /O | FT | - SAI2_SD B, FMC_D8, -
EVENTOUT
TIM1_CH3N, SPI4_SCK,
- 43 - J8 65 PE12 /1O | FT | - SAI2_SCK_B, FMC_D9, -
EVENTOUT
TIM1_CH3, SPI4_MISO,
- 44 - K8 66 PE13 /1O | FT | - SAI2_FS B, FMC_D10, -
EVENTOUT
TIM1_CH4, SPI4_MOSI,
- 45 - L8 67 PE14 I/O | FT| - | SAI2_MCLK_B, FMC_D11, -
EVENTOUT
TIM1_BKIN, FMC_D12,
- 46 - M8 | 68 PE15 /O | FT | - EVENTOUT -
TIM2_CH3, 12C2_SCL,
SPI2_SCK/I2S2_CK,
SAI1_SCK_A,
29 | 47 | H4 | M9 | 69 PB10 /1O | FT | - USART3_TX, -
OTG_HS_ULPI_D3,
EVENTOUT
TIM2_CH4, 12C2_SDA,
- - - |M10| 70 PB11 I/O | FT| - | USART3_RX, SAI2_SD_A, -
EVENTOUT
30148 | J3 | H7 | 71 VCAP_1 - - - -
31|49 [H3 | - | - VSS - - - -
32|50 | J2 | G7 | 72 VDD - - - -
TIM1_BKIN, 12C2_SMBA,
SPI2_NSS/I2S2_ WS,
SAI1_SCK_B,
3351 | G4 |M11| 73 PB12 11O | FT | - USART3_CK, CAN2_RX, -
OTG_HS_ULPI_D5,
OTG_HS_ID, EVENTOUT
‘Yl DoclD027107 Rev 6 51/202
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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

122

PD6

I/0

SPI3_MOSI/12S3_SD,
SAI1_SD_A, USART2_RX,
FMC_NWAIT, DCMI_D10,

EVENTOUT

88

A4

A9

123

PD7

I/0

FT

USART2_CK,
SPDIFRX_INO, FMC_NE1,
EVENTOUT

E8

124

PG9

I/0

FT

SPDIFRX_IN3,
USART6_RX,
QUADSPI_BK2_102,
SAI2_FS_B,
FMC_NE2/FMC_NCES3,
DCMI_VSYNC,
EVENTOUT

D8

125

PG10

110

FT

SAI2_SD_B, FMC_NES3,
DCMI_D2, EVENTOUT

C8

126

PG11

I/0

FT

SPI4_SCK, SPDIFRX_INO,
DCMI_D3, EVENTOUT

B8

127

PG12

110

FT

SPI4_MISO,
SPDIFRX_IN1,
USART6_RTS, FMC_NE4,
EVENTOUT

D7

128

PG13

1’0

FT

TRACED2, SP14_MOSI,
USART6_CTS, FMC_A24,
EVENTOUT

c7

129

PG14

110

FT

TRACED3, SPI4_NSS,
USART6_TX,
QUADSPI_BK2_|03,
FMC_A25, EVENTOUT

130

VSS

F6

131

VDD

B7

132

PG15

110

FT

USART6_CTS,
FMC_SDNCAS,
DCMI_D13, EVENTOUT

55

89

A5

A7

133

PB3(JTDO/TRACES
WO)

I/0

FT

JTDO/TRACESWO,
TIM2_CH2, 12C2_SDA,
SPI1_SCK/I2S1_CK,
SPI3_SCK/I2S3_CK,
EVENTOUT

56/202
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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

DoclD027107 Rev 6

3




¢0¢/29

9 A8y /0L /Lcoaloeed

Table 11. Alternate function (continued)

AFO0 AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
Port TIM8/9/ 12C1/2/3 | SPI1/2/3/ | SPI2/3/4/ USSTZRI-?{” USSAII\?I{TGI Tﬁ\?‘l"g‘/g%/ QUSAA[I)ZSIPU Fmc/
SYS TIM1/2 TIM3/4/5 182](:]:/ J4ICEC 4 SAM g;g/;]al:; UART4/5/ 14/ 0TG2_HS/ OTG1_FS O?g;o'/:s DCMI - SYS
X SPDIFRX | QUADSPI | OTG1_FS —
PDO - - - - - SPI4_MISO I\S/BgT/ - - CANT_RX . - FMC_D2 - - EXET
1283_SD
PD1 ; ; ; ; ; ; ; SESZNV?SS’ ; CAN1_TX ; ; FMC_D3 ; ; e
PD2 - . TIM3_ETR . . . . UART5_RX . . . SDIO_CMD DS;":'— . EgLE#T
o e Rt = R N I I SV (=7 B T
PD4 . . . . . . . USQ.'F{ST 2 . . . . FMC_NOE . . EgLE#T
PD5 . . . . . . . Usﬁ.in— . . - - FMC_NWE . . EXE#T
oD6 ] ] ] ] ] o SAM_ | USART2_ ] ] ] ] FMC_ | DCMIL ] EVENT
285 & | SDA RX NWAIT D10 ouT

PD8 . . . . . . . US’;';T?’— S';a'f - : . . FMC_D13 . . EXF#T
PD9 . - . - . ; . e - ; - . . FMC_D14 - . BT
PD10 . . . . . . . US’(*:'?(T?’— . : . . FMC_D15 . . EXF#T
PD11 - ; ; ; Fgméi1 ; ; USARTe- ; QBUQ??SA* SAI2_SD_A ; FMC_A16 ; BT
PD12 . . TIM4_CH1 . F“ﬂggﬁ : . USQTRST . . Qéjé[ilsg 1'— SAI2_FS_A . FMC_A17 : . EXET
PD13 | - ; TIM4_CH2 ; Fr\_/lngzAm ; ; ; ; Q;}é'ilsga'— SAI2_SCK_A ; FMC_A18 ; ; BT
pD14 | - ; TIM4_CH3 - F'\fg'gﬁ - - - Ssé,'f_; - - - FMC_D0 - - oo
PD15 | - ; TIM4_CH4 ; Fr\_/lngzAm ; ; ; ; ; ; ; FMC_D1 ; ; BT

uonduosap uid pue Jnould

3/0X9vY4CEINLS
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Memory mapping

5 Memory mapping

The memory map is shown in Figure 15

Figure 15. Memory map

OXFFFF FFFF

0xE000 0000
OXDFFF FFFF

0xD000 0000
OXCFFF FFFF

0xA000 0000
OX9FFF FFFF

0x8000 0000
OXTFFF FFFF

512-Mbyte
Block 7

Cortex-M4
Internal

peripherals

512-Mbyte
Block 6
FMC

512-Mbyte
Block 5
FMC/QuadSPI

512-Mbyte
Block 4
FMC bank 3
and QuadSPI

512-Mbyte
Block 3
FMC bank 1

0x6000 0000
OX5FFF FFFF

0x4000 0000
OX3FFF FFFF

0x2000 0000
Ox1FFF FFFF

512-Mbyte
Block 2
Peripherals

512-Mbyte
Block 1
SRAM

0x0000 0000

512-Mbyte
Block 0
SRAM

Reserved

Cortex-M4 internal

AHB3

Reserved

AHB2

Reserved

AHB1

Reserved

Reserved

0x2003 0000 - 0x3FFF FFFF

Reserved

APB2

0x2002 0000 - 0x2002 FFFF

Reserved

SRAM (16 KB aliased
By bit-banding

0x2001 C000 - 0x2001 FFFF

SRAM (112 KB aliased
By bit-banding

0x2000 0000 - 0x2001 BFFF

Reserved

0x1FFF C008 - Ox1FFF FFFF

Option Bytes

0x1FFF C000 - 0x1FFF COOF

Reserved

x1FFF 7A10 - OX1FFF 7FFF

System memory

OXFFF 0000 - 0x1FFF 7A0F

Reserved

Option bytes

Reserved

Reserved

Reserved

Flash memory

Reserved

0x0020 0000 - 0x07FF FFi

Aliased to Flash, system
memory or SRAM depending

0x0000 0000 - 0x001F FFFF

APB1

on the BOOT pins

0xE010 0000 - OxFFFF FFFF

0xE000 0000 - OXEQOF FFFF

0x6000 0000 - OXDFFF FFFF

0x5006 0CO0 - OX5FFF FFFF
0x5006 OBFF

0x5000 0000
0x4008 0000 - Ox4FFF FFFF
0x4007 FFFF

0x4002 0000
0x4001 6C00 - 0x4001 FFFF
0x4001 6BFF

0x4001 0000
0x4000 8000 - 0x4000 FFFF
0x4000 7FFF

0x4000 0000

MS33841V1

3
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Electrical characteristics STM32F446xC/E

6.3 Operating conditions

6.3.1 General operating conditions

Table 16. General operating conditions

Symbol Parameter Conditions(" Min | Typ Max Unit

Power Scale 3 (VOS[1:0] bits in
PWR_CR register = 0x01), 0 - 120
Regulator ON, over-drive OFF

Over-
drive - 144
Power Scale 2 (VOS[1:0] bits | oFfF
in PWR_CR register = 0x10), 0
Regulator ON Over-
fucLk | Internal AHB clock frequency drive - 168
ON
Over-
drive - | 1es | MHZ
Power Scale 1 (VOS[1:0] bits | oFf
in PWR_CR register= 0x11), 0
Regulator ON Over-
drive - 180
ON
; ; Over-drive OFF 0 - 42
Internal APB1 clock frequency
PeLKT Over-drive ON 0 - 45
; | | APB2 clock f Over-drive OFF 0 - 84
nterna clock frequency
PeLkz Over-drive ON 0 - 90

3
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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

‘Yl DoclD027107 Rev 6 85/202
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Table 32. Typical current consumption in Sleep mode, regulator ON, Vpp=1.7 V(1)

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

168 43.7 47.5 66.5 79.3

150 39.2 42.7 60.7 73.3

144 35.7 38.8 55.3 66.9

All Peripherals 120 26.5 28.6 41.8 51.6

enabled Flash

on 90 20.0 21.91 33.85 43.20

60 13.6 15.2 25.8 34.9

30 7.4 8.5 18.4 27.0

Supply current in 25 6.3 7.5 16.9 25.5

Ipp Sleep mode from mA

Vpp supply 168 7.3 8.6 21.2 31.9

150 6.6 7.94 20.4 31.0

144 6.0 7.3 18.6 28.5

All Peripherals 120 4.6 55 14.9 23.4

disabled, flash

on 90 3.6 46 13.6 22.1

60 2.6 3.4 12.5 20.8

30 1.8 2.7 11.3 19.7

25 1.6 2.49 11.09 19.42

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

3
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Electrical characteristics

Table 35. Peripheral current consumption (continued)

Ipp(Typ Appli)
Peripheral g“,‘:r'en:iv: Seale 2 Scale 3 Unit

TIM1 17.51 16.28 14.43
TIM8 18.40 17.10 15.22
USART1 4.53 4.21 3.72
USART6 4.53 4.21 3.72

ADC1 4.69 4.35 3.85

ADC2 4.70 4.35 3.87

ADC3 4.66 4.31 3.82

SDIO 9.06 8.38 7.47

APB2
SPI1 1.97 1.89 1.67 MA/MHz

SPI4 1.88 1.75 1.57
SYSCFG 1.51 1.40 1.23

TIM9 8.17 7.64 6.77

TIM10 5.07 4.75 4.22

TIM11 5.37 5.06 4.50

SAl1 3.89 3.64 3.17

SAI2 3.74 3.49 3.10

Bus Matrix 8.15 8.10 713

1. N = Number of strean enable (1..8)

2. To enable an 12S peripheral, first set the I2SMOD bit and then the I2SE bit in the SPI_I2SCFGR register.

6.3.8 Wakeup time from low-power modes

The wakeup times given in Table 36 are measured starting from the wakeup event trigger up

to the first instruction executed by the CPU:

e  For Stop or Sleep modes: the wakeup event is WFE.

e  WKUP (PAO) pin is used to wakeup from Standby, Stop and Sleep modes.

All timings are derived from tests performed under ambient temperature and Vpp=3.3 V.

3
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Table 49. Flash memory programming with Vpp (continued)

Symbol Parameter Conditions Min® | Typ | Max( | Unit
Vpp Vpp voltage range - 7 - 9 \Y
Minimum current sunk on
lpp the Vpp pin ) 10 i i mA
@) Cumulative time during ) ) )
tvpp which Vpp is applied 1| hour
1. Guaranteed by design.
2. The maximum programming time is measured after 100K erase operations.
3. Vpp should only be connected during programming/erasing.
Table 50. Flash memory endurance and data retention
Symbol Parameter Value
Conditions Unit
- - Min(")
Tp =—40 to +85 °C (6 suffix versions)
N Endurance 10 Kcycles
END T, = —40 to +105 °C (7 suffix versions) y
1 keycle® at T, = 85 °C 30
tReT Data retention 1 keycle® at T, = 105 °C 10 Years
10 keycles(® at Tp = 55 °C 20

1. Guaranteed based on test during characterization.

2. Cycling performed over the whole temperature range.

EMC characteristics

Susceptibility tests are performed on a sample basis during device characterization.

Functional EMS (electromagnetic susceptibility)

While a simple application is executed on the device (toggling 2 LEDs through 1/O ports).
the device is stressed by two electromagnetic events until a failure occurs. The failure is
indicated by the LEDs:

e Electrostatic discharge (ESD) (positive and negative) is applied to all device pins until
a functional disturbance occurs. This test is compliant with the IEC 61000-4-2 standard.

e FTB: A burst of fast transient voltage (positive and negative) is applied to Vpp and Vgg
through a 100 pF capacitor, until a functional disturbance occurs. This test is compliant
with the IEC 61000-4-4 standard.

A device reset allows normal operations to be resumed.

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

3
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Table 57. Output voltage characteristics

Symbol Parameter Conditions Min Max | Unit
VOL(1) Output low level voltage for an I/O pin CMOS port(z) - 0.4
Vor® | Output high level voltage for an 1/0 pin 2 7II\(/)<=V+8 ZAG v | Vop—04 - Y

7V <Vpp 8.
VoL O Output low level voltage for an I/O pin TTL port(z) - 0.4
Von 3 Output high level voltage for an I/O pin 27 I\I/O:/Jr 82?6 v 24 - v
7V <Vpp 3.
VOL“) Output low level voltage for an I/O pin lio=+20 mA - 1.34) v
Vou® | Output high level voltage for an I/0 pin | 2.7V <Vpp 8.6 V | vp-1.34) | -
VOL(1) Output low level voltage for an I/O pin lio = +6 mA - 0.44) v
Vou® | Output high level voltage for an I/0 pin | 1.8V <Vpp 8.6V | vpn-0.4@®) | -
VoM | Output low level voltage for an 1/O pin o = +4 mA - 0.4(®) y
Vou® | Output high level voltage for an I/0 pin | 1.7V <Vpp 8.6V | v-0.4G) | -

1. The ljg current sunk by the device must always respect the absolute maximum rating specified in Table 14.
and the sum of |, (/O ports and control pins) must not exceed lygs.

2. TTL and CMOS outputs are compatible with JEDEC standards JESD36 and JESD52.

The |, current sourced by the device must always respect the absolute maximum rating specified in
Table 14 and the sum of |, (I/O ports and control pins) must not exceed ly,pp.

4. Based on characterization data.

Guaranteed by design.

Input/output AC characteristics

The definition and values of input/output AC characteristics are given in Figure 32 and
Table 58, respectively.

Unless otherwise specified, the parameters given in Table 58 are derived from tests
performed under the ambient temperature and Vpp supply voltage conditions summarized
in Table 16.

Table 58. 1/0 AC characteristics(!(?

OSPEEDR
y[1:0] bit Symbol Parameter Conditions Min | Typ | Max | Unit
value!
CL=50pF, Vpp227V | - - 4
CL=50pF Vpp217V | - - 2
fmax(Oyut | Maximum frequency® CL=10pF, Vpp22.7V - - 8 | MHz
00 C =10pF Vpp218V - - 4
C_ =10 pF, Vpp217V | - - 3
Output high to low level fall _ _
ttf('o)m‘t/ time and output low to high tCL3_653 PF. Vpp = 1.7V - - 100 | ns
r(I0)out | jevel rise time 0
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The I%C characteristics are described in Table 61. Refer also to Section 6.3.17: /O port
characteristics for more details on the input/output alternate function characteristics (SDA

and SCL).
Table 61. I2C characteristics
Sta"lgg{ﬂé‘)”de Fast mode 12C(1)2)
Symbol Parameter Unit
Min Max Min Max
twscLy) | SCL clock low time 4.7 - 1.3 - s
tW(SCLH) SCL clock hlgh time 4.0 - 0.6 -
tsu(SDA) SDA setup time 250 - 100 -
thspa) | SDA data hold time - 34500) - 900
tV(SDA, ACK) Data, ACK valid time - 3.45 - 0.9
ns
t(SDA) | SDA and SCL rise time - 1000 - 300
trscu)
SDA) | SDA and SCL fall time . 300 . 300
tiscL)
th(sTA) Start condition hold time 4.0 - 0.6 -
Repeated Start condition s
lsu(sTA) setup time a7 i 0.6 i
tsusTo) | Stop condition setup time 4.0 - 0.6 - ps
Stop to Start condition time
bw(STO:STA) | (bus free) 47 - 1.3 - us
Pulse width of the spikes
that are suppressed by the ) ) (5)
tsp analog filter for standard and 0.05 0.09 HS
fast mode
C ICi)naepacmve load for each bus ) 400 ) 400 oF

Guaranteed based on test during characterization.

focLi Must be at least 2 MHz to achieve standard mode 12C frequencies. It must be at least 4 MHz to

achieve fast mode [4C frequencies, and a multiple of 10 MHz to reach the 400 kHz maximum I2C fast mode

clock.

3. The device must internally provide a hold time of at least 300 ns for the SDA signal in order to bridge the
undefined region of the falling edge of SCL.

signal.

The maximum data hold time has only to be met if the interface does not stretch the low period of SCL

5. The minimum width of the spikes filtered by the analog filter is above tgp(max).
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Table 63. SPI dynamic characteristics( (continued)

Symbol Parameter Conditions Min Typ Max Unit
tw(sckH
ul ) SCK high and low time | Master mode, SPI presc = 2 Tecik-15| Tpek |Tpok + 1.5
tw(scky)
tsunss) | NSS setup time Slave mode, SPI presc = 2 4TpcLk
thnss) | NSS hold time Slave mode, SPI presc = 2 2TpcLK
tsumi Master mode 4 - -
sutMb Data input setup time
tsu(sl) Slave mode 3 - -
thown) Master mode 4 - -
Data input hold time
th(Sl) Slave mode 2 - -
taso) | Data output access time | Slave mode 7 - 21 ns
tyisso) | Data output disable time | Slave mode 5 - 12
Slave mode (after enable edge), ) 75 22
¢ Data output valid/hold | 2-7V < Vpp = 3.6V '
SO ;
vSO)  Itime Slave mode (after enable edge), i 75 105
1.7V<Vpps36V ‘ '
thiso) iijnit: output valid/hold Slave mode (after enable edge) 5 - -
tymo) |Data output valid time | Master mode (after enable edge) - 1.5 5
thmo) Data output hold time Master mode (after enable edge) 0 - -

1. Guaranteed based on test during characterization.

2. Maximum frequency in Slave transmitter mode is determined by the sum of t, 50) and gy which has to fit into SCK low or
high phase preceding the SCK sampling edge. This value can be achieved when the SPI communicates with a master
having ts, i) = 0 while Duty(SCK) = 50%.

Figure 36. SPI timing diagram - slave mode and CPHA =0

NSS input \ /.

tsuNss) _! : te(SCK) —— th(NSS) te——!|

: : 1 - 1 |
CPHA=0 ' ,‘ \ / \ ﬁ \ '
CPOL=0 . ' ' '
CPHA=0

I ! - | I
1 1 tr(scK) 1
1
MISO < 1
OUTPUT .

tv(s0) +&—> th(SO) -re— Pr® S0K) i T
MOSI \
INPUT X | MSB IN X BI'[1 IN X LSB IN X

1
MSB OUT X BIT6 OUT X LSB OUT ).'
e——th(sl) ——p

SCK Input

ai14134c
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Figure 41. SAl master timing waveforms
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tsu(SD_MR) &—»e—»: th(SD_MR)

X
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Figure 42. SAl slave timing waveforms

1tsck .

SAI_SCK_X , \ :
tw(CKH_X) ¢——>——>' tw(CKL_X)

SALFS_X - ;

tsu(SD_SR) —»e—> th(SD_SR)

——ptn(Fs)

(input) Su(FS) 4! ty(SD_ST) ——» —»
SAI_SD_X f : :

_SD_ Slot n Slot n+2 x
(transmit) X X T X X - I

th(SD_ST)

weox Y Y Y s} )

-

(receive) !
' MS32772V1
USB OTG full speed (FS) characteristics
This interface is present in both the USB OTG HS and USB OTG FS controllers.
Table 68. USB OTG full speed startup time
Symbol Parameter Max Unit
tsTARTUP(1) USB OTG full speed transceiver startup time 1 us
1. Guaranteed by design.
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FMC characteristics

Unless otherwise specified, the parameters given in Table 86 to Table 93 for the FMC
interface are derived from tests performed under the ambient temperature, fyc|  frequency
and Vpp supply voltage conditions summarized in Table 15, with the following configuration:

e  Output speed is set to OSPEEDRy[1:0] = 10
e Capacitance 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
characteristics.

Asynchronous waveforms and timings

Figure 50 through Figure 53 represent asynchronous waveforms and Table 86 through
Table 93 provide the corresponding timings. The results shown in these tables are obtained
with the following FMC configuration:

e  AddressSetupTime = 0x1

e  AddressHoldTime = 0x1

e DataSetupTime = 0x1 (except for asynchronous NWAIT mode , DataSetupTime = 0x5)
e  BusTurnAroundDuration = 0x0

In all timing tables, the Ty k is the HCLK clock period.

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

174/202 DocID027107 Rev 6




