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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.

3
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STM32F446xC/E Functional overview

There are three power modes configured by software when the regulator is ON:
¢ MR mode used in Run/sleep modes or in Stop modes
— In Run/Sleep mode

The MR mode is used either in the normal mode (default mode) or the over-drive
mode (enabled by software). Different voltages scaling are provided to reach the

best compromise between maximum frequency and dynamic power consumption.
The over-drive mode allows operating at a higher frequency than the normal mode
for a given voltage scaling.

— In Stop modes
The MR can be configured in two ways during stop mode:
MR operates in normal mode (default mode of MR in stop mode)
MR operates in under-drive mode (reduced leakage mode).
e LPRis used in the Stop modes:
The LP regulator mode is configured by software when entering Stop mode.
Like the MR mode, the LPR can be configured in two ways during stop mode:
—  LPR operates in normal mode (default mode when LPR is ON)
— LPR operates in under-drive mode (reduced leakage mode).
e Power-down is used in Standby mode.

The Power-down mode is activated only when entering in Standby mode. The regulator
output is in high impedance and the kernel circuitry is powered down, inducing zero
consumption. The contents of the registers and SRAM are lost.

Refer to Table 3 for a summary of voltage regulator modes versus device operating modes.
Two external ceramic capacitors should be connected on Vgap 1 and Veap o pin.

All packages have the regulator ON feature.

Table 3. Voltage regulator configuration mode versus device operating mode(!)

Voltage regulator

. . Run mode Sleep mode Stop mode Standby mode
configuration

Normal mode MR MR MR or LPR -

Over-drive
mode@

Under-drive mode - - MR or LPR -

MR MR - -

Power-down

mode ) ) ) Yes

1. ‘~ means that the corresponding configuration is not available.

2. The over-drive mode is not available when Vpp = 1.7 t0 2.1 V.

3.17.2 Regulator OFF

This feature is available only on packages featuring the BYPASS_REG pin. The regulator is
disabled by holding BYPASS_REG high. The regulator OFF mode allows to supply
externally a V4, voltage source through Vcap 1 and Veap 5 pins.

3
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3.32

3.33

3.34

3

The SDIO Card Specification Version 2.0 is also supported with two different databus
modes: 1-bit (default) and 4-bit.

The current version supports only one SD/SDIO/MMC4.2 card at any one time and a stack
of MMC4.1 or previous.

Controller area network (bxCAN)

The two CANs are compliant with the 2.0A and B (active) specifications with a bitrate up to 1
Mbit/s. They can receive and transmit standard frames with 11-bit identifiers as well as
extended frames with 29-bit identifiers. Each CAN has three transmit mailboxes, two receive
FIFOS with 3 stages and 28 shared scalable filter banks (all of them can be used even if one
CAN is used). 256 bytes of SRAM are allocated for each CAN.

Universal serial bus on-the-go full-speed (OTG_FS)

The devices embed an USB OTG full-speed device/host/OTG peripheral with integrated
transceivers. The USB OTG FS peripheral is compliant with the USB 2.0 specification and
with the OTG 1.0 specification. It has software-configurable endpoint setting and supports
suspend/resume. The USB OTG full-speed controller requires a dedicated 48 MHz clock
that is generated by a PLL connected to the HSE oscillator. The USB has dedicated power
rails allowing its use throughout the entire power range. The major features are:

e Combined Rx and Tx FIFO size of 320 x 35 bits with dynamic FIFO sizing

e  Supports the session request protocol (SRP) and host negotiation protocol (HNP)
e 6 bidirectional endpoints

e 12 host channels with periodic OUT support

e  HNP/SNP/IP inside (no need for any external resistor)

e For OTG/Host modes, a power switch is needed in case bus-powered devices are
connected

Universal serial bus on-the-go high-speed (OTG_HS)

The devices embed a USB OTG high-speed (up to 480 Mb/s) device/host/OTG peripheral.
The USB OTG HS supports both full-speed and high-speed operations. It integrates the
transceivers for full-speed operation (12 MB/s) and features a UTMI low-pin interface (ULPI)
for high-speed operation (480 MB/s). When using the USB OTG HS in HS mode, an
external PHY device connected to the ULPI is required.

The USB OTG HS peripheral is compliant with the USB 2.0 specification and with the OTG
1.0 specification. It has software-configurable endpoint setting and supports
suspend/resume. The USB OTG full-speed controller requires a dedicated 48 MHz clock
that is generated by a PLL connected to the HSE oscillator. The USB has dedicated power
rails allowing its use throughout the entire power range.
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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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6.3.3

6.3.4
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Figure 20. External capacitor Cgxt
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1. Legend: ESR is the equivalent series resistance.

Table 18. VCAP_1/VCAP_2 operating conditions(")

Symbol Parameter Conditions
Cext Capacitance of external capacitor 2.2 yF
ESR ESR of external capacitor <2Q
c Capacitance of external capacitor with a 4.7 uF

EXT single Vgap pin available T
ESR ESR of.exterrjal capacitor with a single <10
Veap pin available

1. When bypassing the voltage regulator, the two 2.2 uF Vap capacitors are not required and should be
replaced by two 100 nF decoupling capacitors.

Operating conditions at power-up / power-down (regulator ON)

Subject to general operating conditions for Tx.

Table 19. Operating conditions at power-up/power-down (regulator ON)

Symbol Parameter Min Max
Vpp rise time rate 20 o
tvop ,
Vpp fall time rate 20 oo

Operating conditions at power-up / power-down (regulator OFF)

Subject to general operating conditions for Tx.

Table 20. Operating conditions at power-up / power-down (regulator OFF)“)

Symbol Parameter Conditions Min | Max | Unit
Vpp rise time rate Power-up 20 oo
tvob ,
Vpp fall time rate Power-down 20 oo
us/V
Veap 1and Vepap 2 rise time rate | Power-up 20 oo
tvcap = =
Veap 1@nd Vepp o fall time rate | Power-down 20 oo

1. To reset the internal logic at power-down, a reset must be applied on pin PAO when Vpp reach below
1.08 V.
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Caution:  Any floating input pin can also settle to an intermediate voltage level or switch inadvertently,
as a result of external electromagnetic noise. To avoid current consumption related to
floating pins, they must either be configured in analog mode, or forced internally to a definite
digital value. This can be done either by using pull-up/down resistors or by configuring the
pins in output mode.

I/0O dynamic current consumption

In addition to the internal peripheral current consumption (see Table 35: Peripheral current
consumption), the 1/Os used by an application also contribute to the current consumption.
When an I/O pin switches, it uses the current from the MCU supply voltage to supply the 1/O
pin circuitry and to charge/discharge the capacitive load (internal or external) connected to
the pin:

where
Isw is the current sunk by a switching I/O to charge/discharge the capacitive load
Vpp is the MCU supply voltage
fsw is the /O switching frequency
C is the total capacitance seen by the 1/O pin: C = C\y1+ Cext

The test pin is configured in push-pull output mode and is toggled by software at a fixed

frequency.
Table 34. Switching output I/O current consumptionm
1/0 toggling
Symbol Parameter Conditions frequency Typ Unit

(fsw)
2 MHz 0.0
8 MHz 0.2
25 MHz 0.6

Vpp=3.3V

0 T2 50 MHz 1.1

C=Cnt
60 MHz 1.3
84 MHz 1.8

/0 switching 90 MHz 1.9
Iobio Current mA

2 MHz 0.1
8 MHz 04

Vpp =33V 25 MHz 1.23

Cexr =0 pF 50 MHz 2.43

C=Cint* Cexr

+Cg 60 MHz 2.93
84 MHz 3.86
90 MHz 4.07
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6.3.10 Internal clock source characteristics

The parameters given in Table 41 and Table 42 are derived from tests performed under
ambient temperature and Vpp supply voltage conditions summarized in Table 16.

High-speed internal (HSI) RC oscillator

Table 41. HSI oscillator characteristics (1

Symbol Parameter Conditions Min | Typ | Max | Unit

fusi Frequency - - 16 - MHz
User-trimmed with the RCC_CR

- - 0,
register(® ! %
ACC Accuracy ofthe HSI | T, = - 40 to 105 °C(®) -8 - 4.5 %
HSI | oscillator
Tp=-10to 85 °C) -4 - 4 %
Tp =25°C* -1 - 1 %
2) |HSI oscillator ) )
bsu(Hsi) startup time 22 4 Hs

(2) | HSI oscillator
lop(Hs) power consumption 60 80 WA

Vpp =3.3V, Ty =—40 to 105 °C unless otherwise specified.
Guaranteed by design.
Guaranteed based on test during characterization.

o Dd =~

Factory calibrated, parts not soldered.

Figure 27. LACCyg, versus temperature

0.06
0.04-
0.021

TA (°C)

ACChg

-0.024

<0.044 Min

—e—Max
-0.064 ——Typical

-0.08

MS30492V1

1. Guaranteed based on test during characterization.

3
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Table 46. SSCG parameters constraint
Symbol Parameter Min Typ Max(1) Unit
fMod Modulation frequency - - 10 KHz
md Peak modulation depth 0.25 - 2 %
MODEPER * INCSTEP - - - 2154 -

1.

3

Guaranteed by design.

Equation 1
The frequency modulation period (MODEPER) is given by the equation below:
MODEPER = round[fp| n/ (4 X fyoq)]

foLL v and fyoq must be expressed in Hz.
As an example:

If foL_in = 1 MHz, and fyiop = 1 kHz, the modulation depth (MODEPER) is given by
equation 1:

MODEPER = round[10%/ (4 x 10%)] = 250

Equation 2
Equation 2 allows to calculate the increment step (INCSTEP):

INCSTEP = round[((2"° = 1) x mdx PLLN)/ (100 x 5 x MODEPER)]

fyco_out must be expressed in MHz.

With a modulation depth (md) = £2 % (4 % peak to peak), and PLLN = 240 (in MHz):

INCSTEP = round[((2'°=1)x 2 x 240)/ (100 x 5x 250)] = 126md(quantitazed)%

An amplitude quantization error may be generated because the linear modulation profile is
obtained by taking the quantized values (rounded to the nearest integer) of MODPER and

INCSTEP. As a result, the achieved modulation depth is quantized. The percentage
quantized modulation depth is given by the following formula:

Mdqyantizea% = (MODEPER x INCSTEP x 100x 5)/ ((2'°~1)x PLLN)

As a result:

md (250 x 126 x 100 x 5)/ ((2"° - 1) x 240) = 2.002%(peak)

0, —
quantized o =
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6.3.14

114/202

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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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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QSPI interface characteristics

Unless otherwise specified, the parameters given in Table 64 for QSPI are derived from
tests performed under the ambient temperature, fopg frequency and Vpp supply voltage
conditions summarized in Table 16, with the following configuration:

e  Output speed is set to OSPEEDRYy[1:0] = 11
e Capacitive load C=20pF
e  Measurement points are done at CMOS levels: 0.5VDD

Refer to Section 6.3.17: /O port characteristics for more details on the input/output alternate
function characteristics.

Table 64. QSPI dynamic characteristics in SDR Mode!")

Symbol Parameter Conditions Min Typ Max Unit
Write mode
1.71 V<Vpp<3.6 V - - 90
Cload = 15 pF
f
SCK QSPI clock frequency Read mode MHz
Wte(sck) 2.7V <VDD< 3.6V - - 90
Cload = 15 pF
1.71 V=Vpp<3.6 V - - 48
t (Tieky/ 2)-2 - Tcky/ 2
WK | QSPI clock high and low - (€K (€K
twckL) Tcky/ 2 - (Tcky/ 2) +2
tsn) Data input setup time - 2 - -
ns
thany Data input hold time - 4.5 - -
tyout) |Data output valid time - - 1.5 3
thout) | Data output hold time - 0 - -
1. Guaranteed based on test during characterization.
Table 65. QSPI dynamic characteristics in DDR Mode(")
Symbol Parameter Conditions Min Typ Max Unit
Write mode
1.71 V£Vpp<3.6 V - - 60
Cload = 15 pF
f
ScK QSPI clock frequency Read mode MHz
Wescr) 2.7V <VDD< 3.6V ] ] 60
Cload = 15 pF
1.71 V<Vpp<3.6 V - - 48
132/202 DoclD027107 Rev 6 Kys
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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




STM32F446xC/E Electrical characteristics

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)
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Electrical characteristics

Figure 49. 12-bit buffered/non-buffered DAC

Buffered/non-buffered DAC

Buffer("
— - - RLoOAD
12-bit
digital to | | |pacx out AN/
analog | | . .j
converter 1 1
| | CLOAD -

ai17157d

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 50. Asynchronous non-multiplexed SRAM/PSRAM/NOR read waveforms

tw(NE)
FMC_NE _\\ ’
tv(NOE_NE)+ tw(NOE) »a»-th(NE_NOE)
FMC_NOE 1 /,_
FMC_NWE _/ \
> ty(a_NE) th(a_NOEy T
FMC_A[25:0] Y Address
> ty(BL_NE) theL_NOE) T
FMC_NBL[1:0] _T ’y—
th(Data_NE)
le———1su(Data_NOE)—» th(Data_NOE)
le——tsy(Data_NE) ——t
FMC_D[15:0] Data X
> ty(NADV_NE)
tw(NADV)
FMC_NADV ()
FMC_NWAIT
&—th(NE_NWAIT) —
tsu(NWAIT_NE) — |
MS32753V1
1. Mode 2/B, C and D only. In Mode 1, FMC_NADV is not used.
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In all timing tables, the Ty is the HCLK clock period (with maximum
FMC_CLK = 90 MHz).

Figure 54. Synchronous multiplexed NOR/PSRAM read timings

tw(CLK) «——><e——» tw(CLK) ! . BUSTURN =0
- 1 1 1 1

FMC_CLK L]

~
I
-
..

:T' td(CLKL-NEXL) !
1 1
FMC_NEx | ! !
1 1

1
1
1
1
1
1
I
1
td(CLKL-NADVL >+ g CLKL-NADVH) ' I I I
1 l 1 1 | 1 1
! ! ! 1 1 1
FMC_NADV : : : . . A W—
< 1§(CLKL-AV) ! : I : i
FMC_A[25:16] : : : :

1 1
1 1
1 1 \ : :
I : < t4(CLKL-NOEL) | td(CLKHNOEH) >
: : : ! | | :
FMC_NOE : | ! :
1
1
1

! 1
1 1
' D4ta latency = 0 E

td(CLKH-NExH)
1

1 1
td(CLKL-ADIVy >+ % , th(CLEKH-ADV) ! !
td(CLKL-ADVy ™%+ : tSU(ADV-CLKH) e 'sU[ADV-CLKHj«>-4—>+ 1 CLKH-ADV)
1 Il L L
FMC_AD[15:0] ; ( AQI5:0] ] { D1 ! X De !
1 Y y I T 1
FMC_NWAIT | | [SUNWAITV-CLKH)¢—#1+—> th CLKH-NWAITY) |
- 1 T T
(WAITCFG = 1b, : I I ) \E ' j : D\
WAITPOL + 0b) ; ; ; ! i | |
I I + ISUNWAI[TV-CLKH) e th(GLKH-NWAITV)
FMC_NWAIT \ ! . T .
! \ ! 4 1 1 1
(WAITCFG = 0Ob, . : . A/ . A N
1 1 1
WAITPOL + 0b) : 1 ISU(NWAITV-CLKH)™ <> th(CLKH-NWAITV) !

MS32757V1
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Figure 55. Synchronous multiplexed PSRAM write timings

- ) 1 1 1
FMC_CLK A \I 4 \_/_\ . :

1
| I
I
1
1

Sa

W(CLK) 4>t tw(CLK) BUSTURN =0
- I
1
1

Y

D4ta latency £ 0

.
S S
(@]
=
.
I
z
m
X
E

1
CL'KL NExL)
FMC_NEx
d(CLKL-NADVLy»* > 14(CLKL-NADVH) Lo I
: : l | I | |
FMC_NADV . ! ! ! \_
1 1
1

1
. d(CL:KL-AV)
FMC_A[25:16] \ :
_*T ChKL NWEL td(QLKH NWEH)*;—P
1 1
1
FMC_NWE ! I I
1
1
1
1

1
1
1
1
1
I
1
CLKL ADIVY H(CLKL-Data) >«
1
1
1
1
1

D1 }X

A

td(CLKL-ADVy > td(CLKL-Datayst-=

:DzX

1
1
. I
1 1
| |
FMC_AD[15:0] _E_( AIZ?[15:0] ) { !
: : 1 | 1 1
1 1 1 1
FMC_NWAIT ! : | _— !
- 1 1 1
(WAITCFG = Ob, ! A ! j o ! \_
WAITPOL + 0b) | | tSU(NWAITV-CLKHy-» th(CLKH-NWAITV) |
1 1 1 1
| | I t4(GCLKH-NBLH) ™ -
1 1 1 1 ’
FMC_NBL E ! \ : ' : L/
MS32758V1
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Figure 63. SDRAM write access waveforms

td(SDCLKL_AddR) '«

FMC_A[12:0]

FMC_SDNE[1:0]

td(SDCLKL_NRAS) »—4

FMC_SDNRAS

H

td(SDCLK'L AddC) :
th SDCLKL AqdR)

XRown X Co|1;

X Col2 X Co X :Coln; X

(SEDCLKL AddC) :

+'—4 td(SIjCLKL SNIi)E) |

>« th(SI:DCLKl_ NF:tAS)

2\ ?/.

3

FMC_SDNWE | b\ :

td(SDCLKL Data)

FMC_D[31:0] —-—( Data

td(SDCLKL_NBL)

FMC_NBL[3:0] X

ﬂ:’
FMC_SDNCAS S
: b

> 1d(SDCLKL_NGAS)

o

»>—¢ td(S CLKi_ WE

r—

;

i)atai X IZ:batan.E >—

NGz X

-P:—E< th(SDCLKL_Data)

A

5 H: th(SDCLKL_SNDE)

H th(SDCLKL_NCAS)

H: th(SDCLKL_NWE)

MS32752V2
Table 102. SDRAM write timings(1(2)

Symbol Parameter Min Max Unit
F(sbcLk) Frequency of operation - 90 MHz
tw(sbcLk) FMC_SDCLK period 2THek - 0.5 2Thcok + 0.5
taSDCLKL Data) Data output valid time - 2
th(SDCLKL Data) Data output hold time 0.5 -
tyspcLk _Add) Address valid time - 3
tyspoLkL _sponwe)) | SDNWE valid time - 15
thspcLkL_sonwe)) | SDNWE hold time 0 - -
tyspcLkL_spne) | Chip select valid time - 15
th(SDCLKL_SDNE) Chip select hold time 0 -
t4sDCLKL_SDNRAs) | SDNRAS valie time - 1
th(spcLkL_spNRas) | SDNRAS hold time 0 -
tyspcLkL_spncas) | SDNCAS valid time - 1
th(SDCLKL_SDNCAS) SDNCAS hold time 0 _

1. C_ =10 pF on data and address line. C{ =15 pF on FMC_SDCLK.
2. Guaranteed based on test during characterization.
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Application block diagrams

A.2

3

USB OTG high speed (HS) interface solutions

Figure 88. USB controller configured as peripheral, host, or dual-mode
and used in high speed mode

STM32F4xx
| 1 DP
< N FS PHY not connected
USBHS|N—V | DM
OTG Ctrl
ULPI_CLK
ULPI_D[7:0]
ULPI_DIR
ULPI <
ULPI_STP
<I::> ULPI_NXT
_________________ Xt

[]24 or 26 MHz XT("

MCO1 or MCO2

> XI

High speed
OTG PHY

_____________________________________________

usB
connector

MS19005V2

1. ltis possible to use MCO1 or MCO2 to save a crystal. It is however not mandatory to clock the

STM32F446xx with a 24 or 26 MHz crystal when using USB HS. The above figure only shows an example

of a possible connection.

The ID pin is required in dual role only.
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