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Electrical characteristics STM32F427xx STM32F429xx

7. Pull-down resistors are designed with a true resistance in series with a switchable NMOS. This NMOS contribution to the
series resistance is minimum (~10% order).

8. Hysteresis voltage between Schmitt trigger switching levels. Based on characterization, not tested in production.

All' I/Os are CMOS and TTL compliant (no software configuration required). Their
characteristics cover more than the strict CMOS-technology or TTL parameters. The
coverage of these requirements for FT 1/Os is shown in Figure 35.

Figure 35. FT I/O input characteristics
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Output driving current

The GPIOs (general purpose input/outputs) can sink or source up to £8 mA, and sink or

source up to £20 mA (with a relaxed Vg, /Vop) except PC13, PC14, PC15 and P18 which
can sink or source up to £3mA. When using the PC13 to PC15 and PI8 GPIOs in output

mode, the speed should not exceed 2 MHz with a maximum load of 30 pF.

In the user application, the number of 1/0 pins which can drive current must be limited to
respect the absolute maximum rating specified in Section 6.2. In particular:

e The sum of the currents sourced by all the I/Os on Vpp plus the maximum Run
consumption of the MCU sourced on Vpp cannot exceed the absolute maximum rating
2lypp (see Table 15).

e  The sum of the currents sunk by all the 1/0Os on Vgg plus the maximum Run
consumption of the MCU sunk on Vgg cannot exceed the absolute maximum rating
Ylygs (see Table 15).

3
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Output voltage levels

Unless otherwise specified, the parameters given in Table 57 are derived from tests
performed under ambient temperature and Vpp supply voltage conditions summarized in
Table 17. All I/Os are CMOS and TTL compliant.

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
3) . ] lio=+8 mA \Y
Vonu Output high level voltage for an /O pin |, 4, _ Vpp <3.6V Vpp - 0.4 -
VoL U Output low level voltage for an I/O pin TTL port(z) - 0.4
3 . . I|O =+ 8mA \Y
Vou @) | Output high level voltage for an I/O pin 27V<Vpp<36V 24 -
VOL(1) 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<3.6 V|vy-1.3#| -
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<3.6 V|vy-04@4| -
VOL“) Output low level voltage for an I/O pin lio=+4 mA - 0.4 v
Vou® | Output high level voltage for an I/0 pin | 1.7V <Vpp <3.6V | v-0.40)| -

1. The ljg current sunk by the device must always respect the absolute maximum rating specified in Table 15.
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 15 and the sum of |, (I/O ports and control pins) must not exceed ly,pp.

4. Based on characterization data.

Guaranteed by design, not tested in production.

Input/output AC characteristics

The definition and values of input/output AC characteristics are given in Figure 36 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 17.

3
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Table 58. 1/0 AC characteristics(1(2)

OSPEEDRy
[1:0] bit Symbol Parameter Conditions Min | Typ | Max | Unit
value(")
C_L=50pF Vpp227V | - - 4
CL=50pF Vpp 217V | - - 2
fmax(0)out | Maximum frequency®) C_.=10pF, Vpp22.7V - - 8 MHz
00 CL=10pF Vpp218V | - - 4
CL=10pF, Vpp21.7V - - 3
Output high to low level fall _ _
ttf('o)°“t/ time and output low to high ?é—VSO PF.Vpp=1.7Vio| - 100 | ns
r(I0)out  jevel rise time '
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(@oyput |Maximum frequency(®) MHz
CL=10pF,Vpp22.7V - - 50
o CL =10 pF, Vpp= 1.8V - - 20
CL=10pF, Vpp= 1.7V - - | 125
CL=50 pF, VDD227V - - 10
Output high to low level fall C_ =10 pF, Vpp22.7V - - 6
ttf('o)°“t/ time and output low to high L Bo ns
r(I0)out level rise time C_=50pF, Vpp21.7V - - 20
CL=1OpF’VDD21'7V - - 10
C_L=40pF, Vpp22.7V - - | 504
CL=10pF, Vpp22.7V - - | 100®
fnax(oyput |Maximum frequency®) C_L=40pF, Vpp2 1.7V - - 25 | MHz
C_=10pF,Vpp2 1.8V - - 50
10 C_=10pF, Vpp2 1.7V - - | 425
C = 40 pF, Vpp 22.7 V - - 6
Output high to low level fall C, =10pF, Vpp 227V - - 4
ttf('o)"“t/ time and output low to high L Bo ns
rl0)out  jevel rise time CL=40pF, Vpp217V - - 10
C_=10pF, Vpp 217V - - 6
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Table 58. I/0 AC characteristics(1)(2) (continued)

OSPEEDRy
[1:0] bit Symbol Parameter Conditions Min | Typ Max | Unit
value(?
CL=30pF, Vpp22.7V - - | 100@
C_=30pF, Vppz218V - - 50
; Maxi ; 3) C_=30pF, Vpp21.7V - - 425 MH
aximum frequency z
max(OJout CL=10pF Vppz2.7V | - | - |180@
C_=10pF, Vpp218V - - 100
11 C|_=10 pF, VDDZ1.7V - - 72.5
C_ =30pF, Vpp22.7V - - 4
C_=30pF, Vpp21.8V - - 6
Output high to low level fall |, =30 pF, Vpp 21.7 V - - 7
ttf('o)"Ut/ time and output low to high L bo ns
rI0)out  ||evel rise time C =10 pF, Vpp22.7V - - 2.5
C_ =10 pF, Vpp21.8V - - 3.5
C_=10pF, Vpp21.7V - - 4
Pulse width of external signals
- tEXTIpw |detected by the EXTI 10 - - ns
controller

1. Guaranteed by design, not tested in production.

2. The I/O speed is configured using the OSPEEDRY[1:0] bits. Refer to the STM32F4xx reference manual for a description of
the GPIOx_SPEEDR GPIO port output speed register.

The maximum frequency is defined in Figure 36.

For maximum frequencies above 50 MHz and Vpp > 2.4 V, the compensation cell should be used.

Figure 36. /0 AC characteristics definition

| 1
EXTERNAL t1ojout — ~e——— > to)out |
OUTPUT I I
ONCL < T g

Maximum frequency is achieved if (t, + t¢) < (2/3)T and if the duty cycle is (45-55%)
when loaded by CL specified in the table “ I/O AC characteristics”.

ai14131d
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6.3.18 NRST pin characteristics

The NRST pin input driver uses CMOS technology. It is connected to a permanent pull-up
resistor, Rp (see Table 56: I/O static characteristics).

Unless otherwise specified, the parameters given in Table 59 are derived from tests
performed under the ambient temperature and Vpp supply voltage conditions summarized

in Table 17.
Table 59. NRST pin characteristics
Symbol Parameter Conditions Min Typ Max Unit
Rpy Weak pull-up equivalent resistor(!) Vin=Vss 30 40 50 kQ
VF(NRST)(z) NRST Input filtered pulse - - 100 ns
VnenrsT)'? | NRST Input not filtered pulse Vpp > 2.7V 300 - - ns
TnrsT out | Generated reset pulse duration Internal Reset source 20 - - us

1. The pull-up is designed with a true resistance in series with a switchable PMOS. This PMOS contribution to the series
resistance must be minimum (~10% order).

2. Guaranteed by design, not tested in production.

Figure 37. Recommended NRST pin protection

VDD
External
reset circuit (1)
e T NRST() RPU Internal Reset
K ‘ Fiter |——%
$T
= = K STM32F
ai14132c

1. The reset network protects the device against parasitic resets.

2. The user must ensure that the level on the NRST pin can go below the V) (yrsT) Max level specified in
Table 59. Otherwise the reset is not taken into account by the device.

3
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6.3.19

6.3.20

3

TIM timer characteristics

The parameters given in Table 60 are guaranteed by design.

Refer to Section 6.3.17: 1/O port characteristics for details on the input/output alternate
function characteristics (output compare, input capture, external clock, PWM output).

Table 60. TIMx characteristics(1(2)

Symbol Parameter Conditions(® Min Max Unit

AHB/APBX prescaler=1

or 2 or 4, fryxcLk = 1 - triMxcLk
tresrivy | Timer resolution time 180 MHz

AHB/APBX prescaler>4, 1 i ¢

frimxcLk = 90 MHz TIMCCLK

Timer external clock
f f /2
EXT frequency on CH1to CH4 | ¢ - . =180 MHz 0 TIMXCLK MHz

Restim Timer resolution - 16/32 bit
t Maximum possible count ) 65536 x t
MAX_COUNT |\yith 32-bit counter 65536 TIMxCLK

1. TIMx is used as a general term to refer to the TIM1 to TIM12 timers.
2. Guaranteed by design, not tested in production.

3. The maximum timer frequency on APB1 or APB2 is up to 180 MHz, by setting the TIMPRE bit in the
RCC_DCKCFGR register, if APBx prescaler is 1 or 2 or 4, then TIMxCLK = HCKL, otherwise TIMxCLK =
4x PCLKXx.

Communications interfaces

I2C interface characteristics

The 1°C interface meets the timings requirements of the 1°C-bus specification and user
manual rev. 03 for:

e  Standard-mode (Sm): with a bit rate up to 100 kbit/s

e Fast-mode (Fm): with a bit rate up to 400 kbit/s.

The I°C timings requirements are guaranteed by design when the 12C peripheral is properly
configured (refer to RM0090 reference manual).

The SDA and SCL /O requirements are met with the following restrictions: the SDA and
SCL /O pins are not “true” open-drain. When configured as open-drain, the PMOS
connected between the I/O pin and Vpp is disabled, but is still present. Refer to

Section 6.3.17: I/O port characteristics for more details on the I2C 1/O characteristics.

All 1°C SDA and SCL I/Os embed an analog filter. Refer to the table below for the analog
filter characteristics:

Table 61. 12C analog filter characteristics(!)

Symbol Parameter Min Max Unit
Maximum pulse width of spikes
tar that are suppressed by the analog 50(2) 2600 ns
filter
DocID024030 Rev 5 139/226
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1. Guaranteed by design, not tested in production.

2. Spikes with widths below tarmin) are filtered.

3. Spikes with widths above tarmax) are not filtered

SPI interface characteristics

Unless otherwise specified, the parameters given in Table 62 for the SPI interface are
derived from tests performed under the ambient temperature, fpc| kx frequency and Vpp
supply voltage conditions summarized in Table 17, 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: I/0 port characteristics for more details on the input/output alternate
function characteristics (NSS, SCK, MOSI, MISO for SPI).

Table 62. SPI dynamic characteristics(!)

Symbol Parameter Conditions Min Typ Max Unit
Master mode, SPI1/4/5/6, 45
2.7 V<Vpp<3.6 V
Slave mode Receiver - - 45
f SPI1/4/5/6, Transmitter/ 38(2)
1/tSCK SPI clock frequency 2.7V=Vpps3.6V full-duplex MHz
¢(SCK)
Master mode, SPI11/2/3/4/5/6, 295
1.7 VEVpp<3.6 V ’
Slave mode, SPI1/2/3/4/5/6, 225
1.7 V=Vpp<3.6 V '
Duty(SCK) | Puly eycle of SPiclock | o0 ode 30 50 70 | %
frequency
Master mode, SPI presc = 2,
tw(scKH) 2.7 VEVpp<3.6 V P Tpctk=0.5| Tpeik | Tperkt0.5
SCK high and low time
¢ Master mode, SPI presc = 2, T ol T T D
w(SCKL) 1.7 VSVDDS3.6 \V; PCLK PCLK PCLK
tsu(nss) NSS setup time Slave mode, SPI presc = 2 4TpcLk
th(Nss) NSS hold time Slave mode, SPI presc = 2 2TpcLk
t Master mode 3 - -
su(Mi) Data input setup time
tsu(s)) Slave mode 0 - - ns
thoviry Master mode 0.5 - -
Data input hold time
th(Sl) Slave mode 2 - -
taso) Data output access time | Slave mode, SPI presc = 2 0 - 4TpcLk
Slave mode, SPI11/4/5/6, 0 ) 85
2.7 V£Vpp<3.6 V )
tais(so) Data output disable time
Slave mode, SPI11/2/3/4/5/6 and 0 ) 165
1.7 V=Vpp<3.6 V ’

140/226
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Table 62. SPI dynamic characteristics() (continued)

Symbol Parameter Conditions Min Typ Max Unit

Slave mode (after enable edge), ) 1 13
SPI1/4/5/6 and 2.7V < Vpp < 3.6V
Slave mode (after enable edge), ) 14 15

ty(so) Data output valid/hold | SP12/3, 2.7 V=Vpps3.6 V

th(so) time Slave mode (after enable edge), i 155 19
SPI1/4/5/6, 1.7 VEVpp<3.6 V '
Slave mode (after enable edge), ns
SPI2/3, 1.7 V<Vpp<3.6 V i 15.5 17.5
Master mode (after enable edge), ) ) 25
SPI1/4/5/6, 2.7 VEVpp<3.6 V ’

tymo) Data output valid time
Master mode (after enable edge), ) ) 45
SPI1/2/3/4/516, 1.7 V=Vpp<3.6 V ’

th(mo) Data output hold time | Master mode (after enable edge) 0 - -

1. Guaranteed by characterization results, not tested in production.

Maximum frequency in Slave transmitter mode is determined by the sum of t,(so) and t, iy which has to fit into SCK low or
high phase preceding the SCK sampling edge. This value can be achieved when the SPS
having tg,vi) = 0 while Duty(SCK) = 50%

communicates with a master

Figure 38. SPI timing diagram - slave mode and CPHA =0
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= [cPHA=0 [ \ ( \
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ta(SO) +e—> ty(SO) +e—> th(S0) « [f(SCK)  tgis(sO)
MISO N tH(SCK)
OUTPUT —( MSB OUT BIT6 OUT LSB OUT
tsu(sl) »
MOSI --
INPUT MSB IN BIT1 IN X LSB IN X
<—th(s|)—>

ai14134c
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Figure 39. SPI timing diagram - slave mode and CPHA = 1(1)
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tsu(SI)—:<—>: < th(sH)—>

SCK Input

MOSI -

NPUT X MSB IN X BITI IN X LSB IN X
ai14135
Figure 40. SPI timing diagram - master mode(")
High
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MISO , - —
INPUT X wsBIN | X BIT6IN | X LSB IN
— thqv)—> E
MOSI —\/ - —t—
oUTRUT X mssouT | X BiITiouT | X tssour X
ty(MO) +e—> th(MO) -«

ai14136
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I2S interface characteristics

Unless otherwise specified, the parameters given in Table 63 for the 1S interface are
derived from tests performed under the ambient temperature, fpc| kx frequency and Vpp
supply voltage conditions summarized in Table 17, with the following configuration:

e  Output speed is set to OSPEEDRYy[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 63. I2S dynamic characteristics(!)

Symbol Parameter Conditions Min Max Unit
fack 12S Main clock output - 256x8K | 256xFs®) | MHz
Master data: 32 bits - 64xFs
fek 12S clock frequency MHz
Slave data: 32 bits - 64xFs
Dck 12S clock frequency duty cycle | Slave receiver 30 70 %
tyws) WS valid time Master mode 0 6
thows) WS hold time Master mode 0 -
tsuws) WS setup time Slave mode 1 -
thows) WS hold time Slave mode 0 -
tsusD MR Master receiver 7.5 -
Su(SD_MR) Data input setup time
tsu(sb_sRr) Slave receiver 2 -
t Master receiver 0 - ns
h(SD_MR) Data input hold time
th(sp_sR) Slave receiver 0 -
t
V(SD_ST) Slave transmitter (after enable edge) - 27
thsp_sT) Data output valid time
tysp_mT) Master transmitter (after enable edge) - 20
thsp_mm) | Data output hold time Master transmitter (after enable edge) 25 i

1. Guaranteed by characterization results, not tested in production.

2. The maximum value of 256xFs is 45 MHz (APB1 maximum frequency).

Note:
frequency (Fg).

Refer to the 12S section of RM0090 reference manual for more details on the sampling

fvck fox, and Dy values reflect only the digital peripheral behavior. The values of these
parameters might be slightly impacted by the source clock precision. Dcy depends mainly
on the value of ODD bit. The digital contribution leads to a minimum value of
(12SDIV/(2*12SDIV+0ODD) and a maximum value of (I2SDIV+0ODD)/(2*12SDIV+0DD). Fg
maximum value is supported for each mode/condition.

3
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Figure 41. I?S slave timing diagram (Philips protocol)(!)

CK Input

SDtransmit

SDreceive

WS input j .
tsu(ws) ] E

- tC(CK) —p!

tw(CKH) T¢——><—> ty(CKL)

MSB transmit

X LSB transmit® X

tsu SD_SR)

X LSB receive@ MSB receive

ai14881b

1. .LSB transmit/receive of the previously transmitted byte. No LSB transmit/receive is sent before the first

byte.
Figure 42. IS master timing diagram (Philips protocol)(")
5| CPOL=0
=3
>
o
X
O
CPOL =1 \
ty(WS) > > ty(CKL) ! e th(ws)
WS output i | .
: r ty(SD_MT) : th(SD_MT)
SDtransmit X LSB transmit®® X M8B transmit Bitn transmit LSB transmit
tsu(SD_MR) h(SD_MR)
SDyeceive X LSB receivel® MSB receive Bitn receive LSB receive
ai14884b

1. LSB transmit/receive of the previously transmitted byte. No LSB transmit/receive is sent before the first

byte.

144/226

DoclD024030 Rev 5

3




STM32F427xx STM32F429xx Electrical characteristics

SAIl characteristics

Unless otherwise specified, the parameters given in Table 64 for SAl are derived from tests
performed under the ambient temperature, fpc| kx frequency and VDD supply voltage
conditions summarized in Table 17, with the following configuration:

e  Output speed is set to OSPEEDRYy[1:0] = 10
e Capacitive load C=30 pF
e Measurement points are performed at CMOS levels: 0.5Vpp

Refer to Section 6.3.17: /O port characteristics for more details on the input/output alternate
function characteristics (SCK,SD,WS).

Table 64. SAl characteristics("

Symbol Parameter Conditions Min Max Unit
facKL SAI Main clock output . 256 x 8K | 256xFs?) MHz
Master data: 32 bits - 64xFs
Fsck SAI clock frequency MHz
Slave data: 32 bits - 64xFs
Dsck SAl clock frequency duty Slave receiver 30 70 %
cycle
ty(Fs) FS valid time Master mode 8 22
tsu(Fs) FS setup time Slave mode 2 -
s Master mode 8 -
1! FS hold time
h(Fs) Slave mode 0 -
tsusb MR Master receiver 5 -
su(SD_MR) Data input setup time
tsu(sb_sRr) Slave receiver 3 -
th(sb MR Master receiver 0 - ns
(SD_MR) Data input hold time
th(sp_sR) Slave receiver 0 -
tv(SD_ST) Slave transmitter (after enable ) 22
t edge)
h(SD_ST) Data output valid time
¢ Master transmitter (after enable 20
v(SD_MT) edge) -
. Master transmitter (after enable
thsp_mT) Data output hold time edge) 8 -
1. Guaranteed by characterization results, not tested in production.
2. 256xFs maximum corresponds to 45 MHz (APB2 xaximum frequency)
1S7 DoclD024030 Rev 5 145/226
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Figure 43. SAl master timing waveforms

1sck
>
SAI_SCK_X . \ : ; ! '
E E : @ h(Fs)
SAI_FS_X P\ ; i /
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_SD_ Slot n Slot n+2 X:
(transmit) X X X ; X ; )
tsu(SD_MR) &—»«—>! th(SD_MR)
SAI_SD_X / Slot n ' x
(receive) X X X : X X
' MS32771V1
Figure 44. SAl slave timing waveforms
1sck .
SAI_SCK_X ' :

tw(CKH_X) 4——pi——»! tw(CKL X) E — ()

SAI_FS_X \ 5 E '

(input) tsu(FS) —» ty(SD_ST) ——» i—»: th(sD_sT)
(StAI—SD_t—)X X X Slot n X X Slot n+2 *

ransmi . i '

tsu(SD_SR) &—pie—>» th(SD_SR)

SAI_SD_X / Slotn '

(receive) X X X X X X:

MS832772V1
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USB OTG full speed (FS) characteristics
This interface is present in both the USB OTG HS and USB OTG FS controllers.

Table 65. USB OTG full speed startup time

Symbol Parameter Max Unit

tstartupt" USB OTG full speed transceiver startup time 1 bs

1. Guaranteed by design, not tested in production.

Table 66. USB OTG full speed DC electrical characteristics

Symbol Parameter Conditions Min.( Typ. Max.( | Unit
USB OTG full speed
Vpp |transceiver operating 3.0 | - 3.6 \
voltage
3) | ni - e I(USB_FS_DP/DM, ) )
Input | Vor~' | Differential input sensitivity USB_HS_DP/DM) 0.2
levels : -
Vey® Differential common mode Includes Vp, range 08 . 25 Vv
range
3) | Single ended receiver )
Vse™ | threshold 13 2.0
Output| VoL |Static output level low R of1.5kQto3.6 VY| - ol LI Y
levels | v, |static output level high R of15kQtoVgs® | 28 | - | 3.6
PA11, PA12, PB14, PB15
(USB_FS_DP/DM, 17 21 24
USB_HS_DP/DM)
R ViN=V
i PA9, PB13 N eD
(OTG_FS_VBUS, 065 | 1.1 2.0
OTG_HS_VBUS) kQ
PA12, PB15 (USB_FS_DP, _
USB_HS_DP) VN = Vss 15 | 1.8 | 21
Rpu PA9, PB13
(OTG_FS_VBUS, VN = Vss 0.25 |0.37| 0.55
OTG_HS_VBUS)

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

2. The USB OTG full speed transceiver functionality is ensured down to 2.7 V but not the full USB full speed
electrical characteristics which are degraded in the 2.7-to-3.0 V Vpp voltage range.

Guaranteed by design, not tested in production.
R is the load connected on the USB OTG full speed drivers.

Note: When VBUS sensing feature is enabled, PA9 and PB13 should be left at their default state
(floating input), not as alternate function. A typical 200 uA current consumption of the
sensing block (current to voltage conversion to determine the different sessions) can be
observed on PA9 and PB13 when the feature is enabled.

3
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Figure 45. USB OTG full speed timings: definition of data signal rise and fall time

Crossover
points
Differen tial
Data Lines
\/CRS ------- X/ \\X X K
Y .
SS s« bt ie
ai14137
Table 67. USB OTG full speed electrical characteristics("
Driver characteristics
Symbol Parameter Conditions Min Max Unit
t, Rise time®) C_ =50 pF 4 20 ns
t Fall time(® C_ =50 pF 4 20 ns
trfm Rise/ fall time matching /s 90 110 %
Vcrs Output signal crossover voltage 1.3 20 \Y
ZpRv Output driver impedance(®) Dr|V|n|g(|)VrJ|gh or 28 44 Q

Guaranteed by design, not tested in production.

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 70 for ULPI are derived from
tests performed under the ambient temperature, fic k frequency summarized in Table 69
and Vpp supply voltage conditions summarized in Table 68, 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
e Measurement points are done at CMOS levels: 0.5Vpp.

Refer to Section 6.3.17: 1/O port characteristics for more details on the input/output

characteristics.
Table 68. 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.

3
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Table 69. USB HS clock timing parameters(”

Symbol Parameter Min Typ Max | Unit

B e o e Properoperation©f | g0 | .- | MHz

FsTarT_serr | Frequency (first transition) | 8-bit £10% 54 60 % | Mha

FsTeADY Frequency (steady state) £500 ppm 59 97 60 50.03 | MHz
DstarT sBiT | Duty cycle (first transition) | 8-bit +10% 40 50 60 %
DstEADY Duty cycle (steady state) £500 ppm 49.975 50 50.025 | %

Time to reach the steady state frequency and

IsTEADY duty cycle after the first transition ) ) 14 ms

{START DEV Clock startup time after the Peripheral - - 5.6
de-assertion of SuspendM Host

ms

tsTART HOST

PHY preparation time after the first transition

tPREP of the input clock ) ) ) Hs

1. Guaranteed by design, not tested in production.

Figure 46. ULPI timing diagram
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Table 70. Dynamic characteristics: USB ULPI(")

Symbol Parameter Conditions Min. | Typ. | Max. |Unit
tsc Control in (ULPI_DIR, ULPI_NXT) setup time 2 - -
the Control in (ULPI_DIR, ULPI_NXT) hold time 0.5 - -
tsp Data in setup time 1.5 - -
tHp Data in hold time 2 - -
27V <Vpp<36YV,
C_=15pF and - 9 9.5
OSPEEDRYy[1:0] = 11 ns
27V <Vpp<3.6YV,
tpc/tpp | Data/control output delay C_ =20 pF and -
OSPEEDRYy[1:0] = 10
12 15
1.7V <Vpp<3.6YV,
C_=15pF and -
OSPEEDRYy[1:0] = 11

1. Guaranteed by characterization results, not tested in production.

3
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Ethernet characteristics

Unless otherwise specified, the parameters given in Table 72, Table 73 and Table 74 for
SMI, RMII and Ml are derived from tests performed under the ambient temperature, fc «
frequency summarized in Table 17 and Vpp supply voltage conditions summarized in
Table 71, with the following configuration:

e  Output speed is set to OSPEEDRYy[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: 1/O port characteristics for more details on the input/output

characteristics.
Table 71. Ethernet DC electrical characteristics
Symbol Parameter Min.(! Max.(") Unit
Input level Vpp Ethernet operating voltage 2.7 3.6 \%

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

Table 72 gives the list of Ethernet MAC signals for the SMI (station management interface)
and Figure 47 shows the corresponding timing diagram.

Figure 47. Ethernet SMI timing diagram

tMDC———p
ETH_MDC —\
td(MDIO)
ETH_MDIO(O) ><
tsu(MDIO) th(MDIO)
ETH_MDIO(I) 1 W

MS31384V1

Table 72. Dynamics characteristics: Ethernet MAC signals for SMI(")

3

Symbol Parameter Min Typ Max Unit
tvpbe MDC cycle time(2.38 MHz) 411 420 425

Tympioy | Write data valid time 6 10 13 s

tsumpio) | Read data setup time 12 - -

thoipio) | Read data hold time 0 - -

1. Guaranteed by characterization results, not tested in production.

Table 73 gives the list of Ethernet MAC signals for the RMIl and Figure 48 shows the
corresponding timing diagram.
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Figure 48. Ethernet RMII timing diagram
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Table 73. Dynamics characteristics: Ethernet MAC signals for RMII(*)

Symbol Parameter Min Typ Max Unit
tsurxp) | Receive data setup time 1.5 - -

tinrxp) | Receive data hold time 0 - -

tsucrs) | Carrier sense setup time 1 - - -
tincrs) | Carrier sense hold time 1 - -

tyrxen) | Transmit enable valid delay time 0 10.5 12

tyrxp) | Transmit data valid delay time 0 1 12.5

1. Guaranteed by characterization results, not tested in production.

Table 74 gives the list of Ethernet MAC signals for MIl and Figure 48 shows the
corresponding timing diagram.

Figure 49. Ethernet MIl timing diagram
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Table 74. Dynamics characteristics: Ethernet MAC signals for MiI()

Symbol Parameter Min Typ Max Unit
tsurRxp) | Receive data setup time 9 -

tinrxp) | Receive data hold time 10 -

tsuov) |Data valid setup time 9 -

tinpvy |Data valid hold time 8 - o
tsuEer) | Error setup time 6 -

tiner) | Error hold time 8 -
tyrxeny | Transmit enable valid delay time 0 10 14

tyrxpy | Transmit data valid delay time 0 10 15

1. Guaranteed by characterization results, not tested in production.

CAN (controller area network) interface

Refer to Section 6.3.17: I/O port characteristics for more details on the input/output alternate
function characteristics (CANx_TX and CANx_RX).

6.3.21 12-bit ADC characteristics

Unless otherwise specified, the parameters given in Table 75 are derived from tests
performed under the ambient temperature, fpc| k2 frequency and Vppp supply voltage
conditions summarized in Table 17.

Table 75. ADC characteristics

Symbol Parameter Conditions Min Typ Max Unit
V Power supply 1.7 - 3.6 V
oA Vopa — VRer+ < 1.2V 3
Vrer+ | Positive reference voltage 1.70) - Vppa V
Vppa=17Mt0 2.4V 0.6 15 18 MHz
fapc | ADC clock frequency
Vppa=2.41t03.6V 0.6 30 36 MHz
fanc = 30 MHz, - - 1764 | kHz
frric® | External trigger frequency 12-bit resolution
- - 17 1fapc
0
Van | Conversion voltage range(®) (Vssa or VReg. - VREF+ \
tied to ground)
@) . . See Equation 1 for ) )
RAIN External input impedance details 50 kQ
RADC(Z)(4) Sampling switch resistance - - 6 kQ
2) |Internal sample and hold )
Capc capacitor 4 7 PF
¢ () |Injection trigger conversion fapc =30 MHz - - 0.100 Hs
lat latency - - 30 | 1/fapc

3
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Table 75. ADC characteristics (continued)

Symbol Parameter Conditions Min Typ Max Unit
1. (2 |Regular trigger conversion fapc = 30 MHz - - 0.067 us
latr latency - - 20) 1 1/fapc
f =30 MHz 0.100 - 16 ys
ts(z) Sampling time ADC
3 - 480 1fapc
tstag'® | Power-up time - 2 3 Hs
fADC =30 MHz
0.50 - 16.40
12-bit resolution S Hs
fADC =30 MHz
4 - 16.34
10-bit resolution 0.43 6.3 Hs
Total conversion time (including f = 30 MHz
tconv® A ADC 0.37 - 16.27
CONVZ™ | sampling time) 8-bit resolution Hs
f =30 MH
ADC e 0.30 ; 16.20 | s
6-bit resolution

9 to 492 (tg for sampling +n-bit resolution for successive

approximation) Vianc
12-bit resolution
- - 2 Msps
Single ADC P
Sampling rate 12-bit resolution
fs(z) (fapc = 30 MHz, and Interleavmeocl?;al ADC - - 3.75 Msps
ts = 3 ADC cycles)
12-bit resolution
Interleave Triple ADC - - 6 Msps
mode
ADC Vggg DC current
IVREF+(2) consumption in conversion - 300 500 MA
mode
ADC Vppp DC current
IVDDA(2) consumption in conversion - 1.6 1.8 mA
mode

1. Vppa minimum value of 1.7 V is obtained with the use of an external power supply supervisor (refer to Section 3.17.2:
Internal reset OFF).

Based on characterization, not tested in production.
VRee-+ is internally connected to Vppa and VReg. is internally connected to Vgga.

Rapc maximum value is given for Vpp=1.7 V, and minimum value for Vpn=3.3 V.

o M Db

For external triggers, a delay of 1/fpc| k2 Must be added to the latency specified in Table 75.

Equation 1: Ry max formula
k-0,5
Ran = ( ) N2 - Rabc
fapc X Capc X In(2 )

3
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The formula above (Equation 1) is used to determine the maximum external impedance
allowed for an error below 1/4 of LSB. N = 12 (from 12-bit resolution) and k is the number of
sampling periods defined in the ADC_SMPR1 register.

Table 76. ADC static accuracy at fopc = 18 MHz(")

Symbol Parameter Test conditions Typ Max(2) Unit
ET Total unadjusted error +3 +4
f =18 MHz
EO Offset error ADC 12 +3
VDDA= 1.7t03.6V LSB
EG Gain error Vgeg = 1.7t03.6 V 11 +3
ED |Differential linearity error Voba— VrRer < 1.2V +1 +2
EL Integral linearity error +2 +3
Better performance could be achieved in restricted Vpp, frequency and temperature ranges.
2. Based on characterization, not tested in production.
Table 77. ADC static accuracy at fopc = 30 MHz(")
Symbol Parameter Test conditions Typ Max(? Unit
ET Total unadjusted error 12 5
fADC =30 MHZ, + +
EO Offset error Ran < 10 kO, 1.5 +2.5
EG Gain error Vppa=2.41t03.6V, 1.5 13 LSB
. . . . VREF =1.7t03.6 V,
ED Differential linearity error Vopa - Veer < 1.2 V 11 12
EL Integral linearity error 1.5 +3
1. Better performance could be achieved in restricted Vpp, frequency and temperature ranges.
2. Based on characterization, not tested in production.
Table 78. ADC static accuracy at fopc = 36 MHz(")
Symbol Parameter Test conditions Typ Max(?) Unit
ET Total unadjusted error 4 7
EO |Offset error fapc =36 MHZG’ +2 +3
VDDA =241t0 3. V,
i LSB
EG | Gain error Vrer = 1.7103.6 V *3 +6
ED | Differential linearity error Vopa—VRep<1.2V 12 +3
EL Integral linearity error +3 +6

1. Better performance could be achieved in restricted Vpp, frequency and temperature ranges.

2. Based on characterization, not tested in production.

3
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Table 79. ADC dynamic accuracy at fopc = 18 MHz - limited test conditions(")

Symbol Parameter Test conditions Min Typ | Max | Unit
ENOB Effective number of bits fapc =18 MHz 10.3 | 104 - bits
SINAD Signal-to-noise and distortion ratio Vppa = Vrers= 1.7 V 64 64.2 -

SNR Signal-to-noise ratio Input Frequency = 20 KHz 64 65 - dB
THD Total harmonic distortion Temperature =25 °C -67 | -72 -

1. Guaranteed by characterization results, not tested in production.

Table 80. ADC dynamic accuracy at fopc = 36 MHz - limited test conditions(!)

Symbol Parameter Test conditions Min Typ Max | Unit
ENOB Effective number of bits fapc =36 MHz 10.6 10.8 - bits
SINAD Signal-to noise and distortion ratio Vppa = VRers = 3.3V 66 67 -

SNR Signal-to noise ratio Input Frequency = 20 KHz 64 68 - dB
THD Total harmonic distortion Temperature = 25 °C -70 | -72 | -

1. Guaranteed by characterization results, not tested in production.

Note:

156/226

ADC accuracy vs. negative injection current: injecting a negative current on any analog
input pins should be avoided as this significantly reduces the accuracy of the conversion
being performed on another analog input. It is recommended to add a Schottky diode (pin to
ground) to analog pins which may potentially inject negative currents.

Any positive injection current within the limits specified for I;yypiny and Zlinyeiny in

Section 6.3.17 does not affect the ADC accuracy.
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Figure 50. ADC accuracy characteristics
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1. See also Table 77.
2. Example of an actual transfer curve.
3. Ideal transfer curve.
4. End point correlation line.
5. Ep = Total Unadjusted Error: maximum deviation between the actual and the ideal transfer curves.
EO = Offset Error: deviation between the first actual transition and the first ideal one.
EG = Gain Error: deviation between the last ideal transition and the last actual one.
ED = Differential Linearity Error: maximum deviation between actual steps and the ideal one.
EL = Integral Linearity Error: maximum deviation between any actual transition and the end point
correlation line.
Figure 51. Typical connection diagram using the ADC
VDD STM32F
Sample and hold ADC
(;/2;- v converter
RAIN® Ajnx Rapc(!) _
] (| 12-bit
L converter
() = d =
0.6V
parasitic 71 o Capc(1)
L= —
217534
1. Refer to Table 75 for the values of Ryy, Rapc @and Capc-
2. Cparasitic represents the capacitance of the PCB (dependent on soldering and PCB layout quality) plus the

pad capacitance (roughly 5 pF). A high C,asitic value downgrades conversion accuracy. To remedy this,

fapc should be reduced.
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General PCB design guidelines

Power supply decoupling should be performed as shown in Figure 52 or Figure 53,
depending on whether Vrgg+ is connected to Vppa or not. The 10 nF capacitors should be
ceramic (good quality). They should be placed them as close as possible to the chip.

Figure 52. Power supply and reference decoupling (Vgrgg+ not connected to Vppa)

STM32F

V REF+
:] (See note 1)

1

1 uF // 10 nF VDDA
1 uF // 10 nF

A Vssa'V REF-

L:] (See note 1)

—

ai17535

1. Vger+ and Vgeg_ inputs are both available on UFBGA176. Vggg. is also available on LQFP100, LQFP 144,
and LQFP176. When Vggg. and Vrgp_ are not available, they are internally connected to Vppa and Vgga.

Figure 53. Power supply and reference decoupling (Vgrgg+ connected to Vppa)

STM32F

VRer./Vppa
:] (See note 1)

1

1 uF /10 nF

VRer-/Vssa
(See note 1)

I 1

T .

ai17536

1. VRer+ and Vgeg_inputs are both available on UFBGA176. Vggg. is also available on LQFP100, LQFP 144,
and LQFP176. When Vg, and Vggg_ are not available, they are internally connected to Vppa and Vgga.

S74

DoclD024030 Rev 5




STM32F427xx STM32F429xx

Electrical characteristics

6.3.22 Temperature sensor characteristics
Table 81. Temperature sensor characteristics
Symbol Parameter Min | Typ | Max Unit
.M Vsense linearity with temperature - +1 12 °C
Avg_SIope(” Average slope - 25 mV/°C
Vys!) Voltage at 25 °C - 076 %
tsTart?) | Startup time - 6 10 us
TS_temp(z) ADC sampling time when reading the temperature (1 °C accuracy) | 10 - - us

1. Based on characterization, not tested in production.

2. Guaranteed by design, not tested in production.

Table 82. 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

6.3.23  Vpar monitoring characteristics
Table 83. Vgar monitoring characteristics
Symbol Parameter Min Typ Max Unit
R Resistor bridge for Vgar - 50 - KQ
Q Ratio on Vgar measurement - 4 -
Er() Error on Q -1 - +1 %
2)(2) ADC sampling time when reading the Vgat ) )
Ts_voat 1 mV accuracy 5 HS
1. Guaranteed by design, not tested in production.
2. Shortest sampling time can be determined in the application by multiple iterations.
6.3.24 Reference voltage
The parameters given in Table 84 are derived from tests performed under ambient
temperature and Vpp supply voltage conditions summarized in Table 17.
Table 84. internal reference voltage
Symbol Parameter Conditions Min | Typ Max Unit
VrepinT | Internal reference voltage —40°C<Tp<+105°C | 118 | 1.21 | 1.24 \Y
T (1) |ADC sampling time when reading the 10 ) ) s
S_vrefint * | internal reference voltage M
() | Internal reference voltage spread over the - . )
VRERINT_s temperature range Vop =3V £ 10mV 3 5 mv
1S7 DoclD024030 Rev 5 159/226
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Table 84. internal reference voltage (continued)

Symbol Parameter Conditions Min | Typ | Max Unit
TCoeﬁ(z) Temperature coefficient - 30 50 |ppm/°C
tSTART(Z) Startup time - 6 10 us

1. Shortest sampling time can be determined in the application by multiple iterations.

Guaranteed by design, not tested in production

Table 85. Internal reference voltage calibration values

Symbol Parameter Memory address
VRerIN_caL | Raw data acquired at temperature of 30 °C yppp = 3.3V Ox1FFF 7A2A - Ox1FFF 7A2B
6.3.25 DAC electrical characteristics
Table 86. DAC characteristics
Symbol Parameter Min | Typ Max | Unit Comments
Vppa |Analog supply voltage 1.7() - 3.6 \Y
Vrer+ |Reference supply voltage 1.7() - 3.6 V' |Vrer+ < Vppa
Vgsp  |Ground 0 - 0 \Y,
Rioap? |Resistive load with buffer ON| 5 - - kQ
Impedance outout with buffer When the buffer is OFF, the Minimum
Ro® | Ope P - - 15 | kQ |resistive load between DAC_OUT and
Vgs to have a 1% accuracy is 1.5 MQ
@ . ) ) Maximum capacitive load at DAC_OUT
Croap™ |Capacitive load 50 pF pin (when the buffer is ON).
DAC_OUT |Lower DAC_OUT voltage It gives the maximum output excursion of
—2) - S 0.2 - - V' |the DAC.
min with buffer ON
It corresponds to 12-bit input code
DAC_OUT [Higher DAC_OUT voltage VoA - (0xOE0) to (OxF1C) at Ve, = 3.6 V and
max@  |with buffer ON - - 0.2 V' |(0x1C7) to (OXE38) at Vrgr+ = 1.7V
DAC_OUT |Lower DAC_OUT voltage
in@  |with buffer OFF N I AL i i
min with butrer It gives the maximum output excursion of
DAC_OUT |Higher DAC_OUT voltage ) |VRere-| the DAC.
max(®)  |with buffer OFF 1LSB
With no load, worst code (0x800) at
- 170 240 VRer+ = 3.6 Vin terms of DC
DAC DC Vggr current consumption on the inputs
IVRE,:+(4) consumption in quiescent MA
mode (Standby mode) With no load, worst code (0xF1C) at
- 50 75 VRer+ = 3.6 V in terms of DC
consumption on the inputs
160/226 DoclD024030 Rev 5 Kys
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Table 86. DAC characteristics (continued)

Symbol Parameter Min | Typ Max | Unit Comments
) 280 380 uA Wlth no load, middle code (0x800) on the
DAC DC VDDA current inputs
Iopa™® consumption in quiescent With no load, worst code (0xF1C) at
mode - 475 | 625 | WA |Vgeg: =3.6 Vinterms of DC
consumption on the inputs
Differential non linearity - - +0.5 | LSB |Given for the DAC in 10-bit configuration.
DNL® | Difference between two
consecutive code-1LSB) - - - - -
- - 12 LSB |Given for the DAC in 12-bit configuration.
Integral non linearity - - 11 LSB |Given for the DAC in 10-bit configuration.
(difference between
INL@ measured value at Code i
and the value at Codeiona | . - +4 | LSB |Given for the DAC in 12-bit configuration.
line drawn between Code 0
and last Code 1023)
- - +10 mV |Given for the DAC in 12-bit configuration
Offset error
(difference between ) ) +3 LSB Given for the DAC in 10-bit at Vggpy =
Offset® | measured value at Code - 3.6V
(0x800) and the ideal value = ] ] +12 | Lsp |Given for the DAC in 12-bit at Vrers =
VREF+/2) = 36V
Gain . o . . . ) .
errord) Gain error - - +0.5 % |Given for the DAC in 12-bit configuration
Settling time (full scale: for a
10-bit input code transition
t (4)|between the lowest and the ) 3 6 s CLoap < 50 pF,
SETTLING "I highest input codes when U IR oap = 5 kQ
DAC_OUT reaches final
value +4L.SB
Total Harmonic Distortion C < 50 pF,
THD® ; ) ) 48 |CLoap :
Buffer ON RLOAD >5kQ
Max frequency for a correct
Update |DAC_OUT change when ) ) 1 MS/s CLoap < 50 pF,
rate®  |small variation in the input RLoap = 5 kQ
code (from code i to i+1LSB)
Wakeup time from off state CLoap < 50 pF, R pap 25 kQ
twakeup™® |(Setting the ENx bit in the - 6.5 10 Ms |input code between lowest and highest
DAC Control register) possible ones.
Power supply rejection ratio
PSRR+ (@) |(to Vppp) (static DC - | -67 | —40 | dB |NoR_oap, CLoap = 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 3.17.2:

Internal reset OFF).

2. Guaranteed by design, not tested in production.

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 by characterization, not tested in production.
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Figure 54. 12-bit buffered /non-buffered DAC
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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.

6.3.26

162/226

FMC characteristics

Unless otherwise specified, the parameters given in Table 87 to Table 102 for the FMC
interface are derived from tests performed under the ambient temperature, fc| k frequency
and Vpp supply voltage conditions summarized in Table 17, with the following configuration:

e  Output speed is set to OSPEEDRYy[1:0] = 10 except at Vpp range 1.7 to 2.1V where
OSPEEDRy[1:0] = 11

e Measurement points are done at CMOS levels: 0.5Vpp

Refer to Section 6.3.17: 1/O port characteristics for more details on the input/output
characteristics.

Asynchronous waveforms and timings

Figure 55 through Figure 58 represent asynchronous waveforms and Table 87 through
Table 94 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

e  For SDRAM memories, Vpp ranges from 2.7 to 3.6 V and maximum frequency
FMC_SDCLK =90 MHz

e  For Mobile LPSDR SDRAM memories, Vpp ranges from 1.7 to 1.95 V and maximum
frequency FMC_SDCLK = 84 MHz

3
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Figure 55. Asynchronous non-multiplexed SRAM/PSRAM/NOR read waveforms
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1. Mode 2/B, C and D only. In Mode 1, FMC_NADV is not used.

Table 87. Asynchronous non-multiplexed SRAM/PSRAM/NOR -

read timings(1(2)

Symbol Parameter Min Max Unit
tw(NE) FMC_NE low time 2THelk = 0.5 | 2 Ty kt0.5 | ns
ty(NOE_NE) FMC_NEx low to FMC_NOE low 0 1 ns
tw(NOE) FMC_NOE low time 2THeLK 2Thok+ 0.5 | ns
th(NE_NOE) FMC_NOE high to FMC_NE high hold time 0 - ns
ty(a_NE) FMC_NEx low to FMC_A valid - 2 ns
th(A_NOE) Address hold time after FMC_NOE high 0 - ns
tV(BL_NE) FMC_NEx low to FMC_BL valid - 2 ns
th(BL_NOE) FMC_BL hold time after FMC_NOE high 0 - ns
tsupata_NE) Data to FMC_NEXx high setup time Thelk + 2.5 - ns
tsu(pata_NoE) | Data to FMC_NOEX high setup time Thelk 2 - ns
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Table 87. Asynchronous non-multiplexed SRAM/PSRAM/NOR -
read timings(1)(2) (continued)

Symbol Parameter Min Max Unit
thpata_NoE) | Data hold time after FMC_NOE high 0 - ns
th(Data_NE) Data hold time after FMC_NEXx high 0 - ns
tynapv NEy | FMC_NEx low to FMC_NADV low - 0 ns
twNADV) FMC_NADV low time - Theok +1 ns
1. C_=30pF.
2. Based on characterization, not tested in production.
Table 88. Asynchronous non-multiplexed SRAM/PSRAM/NOR read -
NWAIT timings(1(2)
Symbol Parameter Min Max Unit
tw(NE) FMC_NE low time TThelkt0.5 | 7TThoikt1
tw(NOE) FMC_NWE low time 5Thek = 15| 5Tholk 2 ns
tsunwaT NE) | FMC_NWAIT valid before FMC_NEXx high | 5Ty k+1.5 -
tNE_NWAIT) il:xl;l)iaNEx hold time after FMC_NWAIT AThoLcH )
1. C_=30pF.

2. Based on characterization, not tested in production.
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Figure 56. Asynchronous non-multiplexed SRAM/PSRAM/NOR write waveforms
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1. Mode 2/B, C and D only. In Mode 1, FMC_NADV is not used.

Table 89. Asynchronous non-multiplexed SRAM/PSRAM/NOR write timings(1(2)

Symbol Parameter Min Max Unit
tw(NE) FMC_NE low time 3THeLK 3TheLk*1 ns
tynwe Ne)y | FMC_NEX low to FMC_NWE low Thelk = 0.5 | Thekt 0.5 | ns
tw(NWE) FMC_NWE low time THelk Thewk* 0.5 ns
tane_Nnwe) | FMC_NWE high to FMC_NE high hold time Thok +1.5 - ns
tV(A_NE) FMC_NEx low to FMC_A valid - 0 ns
tha NWE) Address hold time after FMC_NWE high Thek*0.5 - ns
ty(BL NE) FMC_NEXx low to FMC_BL valid - 15 ns
theL_nwe)y | FMC_BL hold time after FMC_NWE high THcLk*0.5 - ns
ty(Data_NE) Data to FMC_NEXx low to Data valid - Thelk™* 2 ns
th(Data_NWE) Data hold time after FMC_NWE high TheLkt0.5 - ns
tynapv NE)y | FMC_NEx low to FMC_NADV low - 05 ns
twnaDv) FMC_NADV low time - Thelk* 0.5 ns
1. C_=30pF.
2. Based on characterization, not tested in production.
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Table 90. Asynchronous non-multiplexed SRAM/PSRAM/NOR write -
NWAIT timings(1(2)

Symbol Parameter Min Max Unit
tW(NE) FMC_NE low time 8Thek*1 8TheLk*2 ns
tW(NWE) FMC_NWE low time 6THCLK -1 6THCLK+2 ns
tSU(NWAlT_NE) FMC_NWA'T valid before FMC_NEX hlgh GTHCLK+1 5 - ns
FMC_NEXx hold time after FMC_NWAIT
th(NE_NWAIT) | invalid 4TheLk*1 ns
1. C_=30pF.

2. Based on characterization, not tested in production.

Figure 57. Asynchronous multiplexed PSRAM/NOR read waveforms
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Table 91. Asynchronous multiplexed PSRAM/NOR read timings(1)(2)

Symbol Parameter Min Max Unit
tw(NE) FMC_NE low time 3Theik = 1 | 3THelkt0.5 ns
ty(NOE_NE) FMC_NEx low to FMC_NOE low 2THck - 0.5 2THeLK ns
tiw(NOE) FMC_NOE low time THolk = 1 Theik+1 ns
th(NE_NOE) FMC_NOE high to FMC_NE high hold time 1 - ns
tV(A_NE) FMC_NEx low to FMC_A valid - 2 ns
tynabv NEy | FMC_NEx low to FMC_NADV low 0 2 ns
tw(NADV) FMC_NADV low time Theik = 0.5 | THolk*0.5 ns
th(AD_NADV) Emg_ﬁi(Da\(;i:Zis;) valid hold time after 0 i ns
th(A_NOE) Address hold time after FMC_NOE high Thek — 0.5 - ns
th(BL_NOE) FMC_BL time after FMC_NOE high 0 - ns
ty(BL_NE) FMC_NEXx low to FMC_BL valid - 2 ns
tsu(Data_NE) Data to FMC_NEXx high setup time Thok+1.5 - ns
tsupata NoE) | Data to FMC_NOE high setup time Tucok+1 - ns
th(Data_NE) Data hold time after FMC_NEXx high 0 - ns
thpata_NoE) | Data hold time after FMC_NOE high 0 - ns
1. C_=30pF.

2. Based on characterization, not tested in production.

Table 92. Asynchronous multiplexed PSRAM/NOR read-NWAIT timings("(2)

Symbol Parameter Min Max Unit
tW(NE) FMC_NE low time 8THCLK+O'5 STHCLK+2 ns
tW(NOE) FMC_NWE low time 5THCLK -1 5THCLK +1.5 ns
tSU(NWA|T_NE) FMC_NWA'T valid before FMC_NEX hlgh 5THCLK +1.5 - ns
FMC_NEx hold time after FMC_NWAIT
th(NE_NWAIT) [ invalid 4ThoLkt1 ns
1. C_=30pF.
2. Based on characterization, not tested in production.
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Figure 58. Asynchronous multiplexed PSRAM/NOR write waveforms
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Table 93. Asynchronous multiplexed PSRAM/NOR write timings(")(?)

Symbol Parameter Min Max Unit
tw(NE) FMC_NE low time 4Thek 4Tyek+0.5 | ns
ty(NWE_NE) FMC_NEXx low to FMC_NWE low Thetk =1 | Thek?0.5 | ns
tw(NWE) FMC_NWE low time 2Thek | 2THekt0.5 | ns
th(NE_NWE) FMC_NWE high to FMC_NE high hold time Thelk - ns
tyA_NE) FMC_NEx low to FMC_A valid - 0 ns
tynabv Ne)y | FMC_NEx low to FMC_NADV low 0.5 1 ns
tw(NADV) FMC_NADV low time Thek = 0.5 | Tkt 0.5 | ns
th(AD_NADY) Emg_ﬁg(t)a\(jrﬁizsg)valid hold time after ThoLk - 2 ) ns
th(A_NWE) Address hold time after FMC_NWE high THeLk - ns
thBL_NWE) FMC_BL hold time after FMC_NWE high Theok — 2 - ns
tyBL_NE) FMC_NEx low to FMC_BL valid - 2 ns
ty(pata_NaDV) | FMC_NADV high to Data valid - ThHok ¥1.5 | ns
thpata_Nnwe)y | Data hold time after FMC_NWE high Thelk 0.5 - ns

168/226 DoclD024030 Rev 5 m




STM32F427xx STM32F429xx

Electrical characteristics

3

1.

2. Based on characterization, not tested in production.

C_ =30 pF.

Table 94. Asynchronous multiplexed PSRAM/NOR write-NWAIT timings(1)

Symbol Parameter Min Max Unit
tW(NE) FMC_NE low time 9THeLK 9THeLk*0.5 ns
tW(NWE) FMC_NWE low time 7THCLK 7THCLK+2 ns
tSU(NWAlT_NE) FMC_NWA'T valid before FMC_NEX hlgh 6THCLK+1 5 - ns
FMC_NEXx hold time after FMC_NWAIT
th(NE_NWAIT) [ invalid 4Therk—1 - ns
1. C_=30pF.

2. Based on characterization, not tested in production.

Synchronous waveforms and timings

Figure 59 through Figure 62 represent synchronous waveforms and Table 95 through
Table 98 provide the corresponding timings. The results shown in these tables are obtained
with the following FMC configuration:

BurstAccessMode = FMC_BurstAccessMode_Enable;
MemoryType = FMC_MemoryType_CRAM,;
WriteBurst = FMC_WriteBurst_Enable;

CLKDivision = 1; (0 is not supported, see the STM32F4xx reference manual : RM0090)
DatalLatency = 1 for NOR Flash; DataLatency = 0 for PSRAM

In all timing tables, the Ty k is the HCLK clock period (with maximum
FMC_CLK =90 MHz).
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Figure 59. Synchronous multiplexed NOR/PSRAM read timings

FMC_CLK

td(CLKL-N

ty(CLK) «——>e—>! tw(CLK) !

~
I
-
..

1
I
1
_*T td(CLKL-NEXL) !
1 1
FMC_NEx | ! !
1 1

BUSTURN =0

'--l 1 1 1

L
1
1
1
1

1
D4ta latency = 0

td(CLKH-NExH)
1

ADVL > {4(CLKL-NADVH) ! : : |
o : : I L\

FMC_NADV . . E
, td(CLKL-AV) ! td(CLKH-AIV)
1 1 1 1 1
FMC_A[25:16] | § | | \ | |
1 T T
1 1 1 1
: : Ttd(CLKL-NOEL) : td(CLKH'rNOEH)*'—y_
1 1 1
T T T 1 | 1 1
FMC_NOE | | I | ! ! '
1 1 1 1 1 1
! d(CLKL-ADIVy ™% , th(CLEKH-ADV) ! !
td(CLKL-ADVY > 1% I tSU(ADV-CLKH) e 'sU[ADV-CLKHj«>-4—>+th(CLKH-ADV)
1 I L I
FMC_AD[15:0] _:( AQI15:0] ] { D1 ! X De !
! T T T | T T
MG NWAIT ' ' tSu(NWAITV-CLKH)¢—>te—> th(pLKH-NWAITV) !

- 1 T T
(WAITCFG = 1b, : I I ) T : D\
WAITPOL + 0b) ; ; ; ' . . |

. . + ISUNWAI[TV-GLKH) e th(CLKH-NWAITV)
FMC_NWAIT \ — T .
1 1
(WAITCFG = 0Ob, . : . A M I I \_
WAITPOL + 0b) ' : ie—rh i CLKH-NWAITY) !

tsu(NWAITV-CLKHY

MS32757V1

Table 95. Synchronous multiplexed NOR/PSRAM read timings("(?)

Symbol Parameter Min Max Unit
twcLk) FMC_CLK period 2Thek =1 - ns
tycLki-Next) | FMC_CLK low to FMC_NEx low (x=0..2) - 0 ns
tycLkH NexH) | FMC_CLK high to FMC_NEXx high (x=0...2) THelk - ns
taycikinapvy) | FMC_CLK low to FMC_NADV low - 0 ns
tacLkL-NaDVH) | FMC_CLK low to FMC_NADV high 0 - ns
tacLkL-AY) FMC_CLK low to FMC_Ax valid (x=16...25) - 0 ns
tacLKH-AN) FMC_CLK high to FMC_Ax invalid (x=16...25) 0 - ns
tycLki-NoeL) | FMC_CLK low to FMC_NOE low - Thok*0.5 | ns
tycLkH-NoEH) | FMC_CLK high to FMC_NOE high Thelk—0.5 ns
tycLkL-apyv) | FMC_CLK low to FMC_ADI[15:0] valid - 0.5 ns
tycLkL-apyy | FMC_CLK low to FMC_AD[15:0] invalid 0 - ns
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Table 95. Synchronous multiplexed NOR/PSRAM read timings(1)(2) (continued)

Symbol Parameter Min Max Unit
FMC_A/D[15:0] valid data before FMC_CLK
tsu(ADV-CLKH) high 5 - ns
thcLkr-apy) | FMC_A/D[15:0] valid data after FMC_CLK high 0 - ns
tsunwaIT-cLkH) | FMC_NWAIT valid before FMC_CLK high 4 - ns
th(CLKH-NWAIT) FMC_NWA'T valid after FMC_CLK hlgh 0 - ns
1. C_=30pF.

2. Based on characterization, not tested in production.

Figure 60. Synchronous multiplexed PSRAM write timings
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Table 96. Synchronous multiplexed PSRAM write timings(1)(2)

Symbol Parameter Min Max Unit
twicLk) FMC_CLK period, VDD range= 2.7 to 3.6 V 2Theok -1 - ns
tacLknNext) | FMC_CLK low to FMC_NEX low (x=0..2) - 1.5 ns
tacLkr-NExH) | FMC_CLK high to FMC_NEX high (x=0...2) Thelk - ns
tycLkL-NaDvL) | FMC_CLK low to FMC_NADV low - 0 ns
ty(cLkL-NADVH) | FMC_CLK low to FMC_NADV high 0 - ns
tycikL-av) |FMC_CLK low to FMC_Ax valid (x=16...25) - 0 ns
tacLkH-Alv) | FMC_CLK high to FMC_Ax invalid (x=16...25) THCLK - ns
tacLk-nweL) | FMC_CLK low to FMC_NWE low - 0 ns
tcLkH-nwer) | FMC_CLK high to FMC_NWE high Thok—0.5 - ns
tycLkL-apy) | FMC_CLK low to FMC_AD[15:0] valid - 3 ns
tacLkL-apryy | FMC_CLK low to FMC_AD[15:0] invalid 0 - ns
tycLkL-DaTA) | FMC_A/D[15:0] valid data after FMC_CLK low - 3 ns
tycLknsLL) | FMC_CLK low to FMC_NBL low 0 - ns
tycLkn-NBLH) | FMC_CLK high to FMC_NBL high Thelk=0.5 - ns
tsunwarT-cLkH) | FMC_NWAIT valid before FMC_CLK high 4 - ns
th(cLkH-NwAIT) | FMC_NWAIT valid after FMC_CLK high 0 - ns

1. C_=30pF.

2. Based on characterization, not tested in production.
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Figure 61. Synchronous non-multiplexed NOR/PSRAM read timings
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Table 97. Synchronous non-multiplexed NOR/PSRAM read timings“xz)

Symbol Parameter Min Max Unit
twicLk) FMC_CLK period 2Thok — 1 - ns
t(CLKL-NEXL) FMC_CLK low to FMC_NEX low (X=02) - 0.5 ns
la(CLKH- FMC_CLK high to FMC_NEx high (x= 0...2) ThoLk - ns
NExH)
ly(CLKL- FMC_CLK low to FMC_NADV low - 0 ns
NADVL)
fa(CLKL- FMC_CLK low to FMC_NADV high 0 - ns
NADVH)
tycLkL-av) | FMC_CLK low to FMC_Ax valid (x=16...25) - 0 ns
td(CLKH-A|V) FMC_CLK hlgh to FMC_AX invalid (X=1625) THCLK -0.5 - ns
td(CLKL-NOEL) FMC_CLK low to FMC_NOE low - THCLK+2 ns
ld(CLKH- FMC_CLK high to FMC_NOE high Tholk - 0.5 - ns
NOEH)
tsu(DV—CLKH) FMC_D[15:0] valid data before FMC_CLK high 5 - ns
‘Yl DoclD024030 Rev 5 173/226
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Table 97. Synchronous non-multiplexed NOR/PSRAM read timings(1)(2) (continued)

Symbol Parameter Min Max Unit
th(CLKH—DV) FMC_D[1 50] valid data after FMC_CLK hlgh 0 - ns
tinwAIT-cLKH) | FMC_NWAIT valid before FMC_CLK high 4
th(CLKH- FMC_NWAIT valid after FMC_CLK high 0
NWAIT)
1. C_=30pF.

2. Based on characterization, not tested in production.

Figure 62. Synchronous non-multiplexed PSRAM write timings
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Table 98. Synchronous non-multiplexed PSRAM write timings“)(z)

Symbol Parameter Min Max Unit

tcLk) FMC_CLK period 2Thok — 1 -
tycLkL-NExL) | FMC_CLK low to FMC_NEx low (x=0..2) - 0.5
tcLkrNexH) | FMC_CLK high to FMC_NEXx high (x=0...2) Thewk -
tycLkL-NADvL) | FMC_CLK low to FMC_NADV low - 0
ty(cLkL-NADVH) | FMC_CLK low to FMC_NADV high 0 -
tycLkL-av) |FMC_CLK low to FMC_Ax valid (x=16...25) - 0

ns
ns
ns
ns
ns
ns
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Table 98. Synchronous non-multiplexed PSRAM write timings!"(?) (continued)

Symbol Parameter Min Max Unit
tyicLkn-alv) | FMC_CLK high to FMC_Ax invalid (x=16...25) 0 - ns
tycLke-nweL) | FMC_CLK low to FMC_NWE low - 0 ns
tycLkH-nweH) | FMC_CLK high to FMC_NWE high Thelk—0.5 - ns
ty(cLkL-Datay | FMC_D[15:0] valid data after FMC_CLK low - 25 ns
tycLknsLL) | FMC_CLK low to FMC_NBL low 0 - ns
tycLkn-NBLH) | FMC_CLK high to FMC_NBL high Thelk=0.5 - ns
tsu(NwAIT-cLkH) | FMC_NWAIT valid before FMC_CLK high 4
th(cLkH-NwAIT) | FMC_NWAIT valid after FMC_CLK high 0
1. C_=30pF.

2. Based on characterization, not tested in production.

PC Card/CompactFlash controller waveforms and timings

Figure 63 through Figure 68 represent synchronous waveforms, and Table 99 and
Table 100 provide the corresponding timings. The results shown in this table are obtained
with the following FMC configuration:

e COM.FMC_SetupTime = 0x04;

e COM.FMC_WaitSetupTime = 0x07;
e COM.FMC_HoldSetupTime = 0x04;
e COM.FMC_HiZSetupTime = 0x00;
e ATT.FMC_SetupTime = 0x04;

e ATT.FMC_WaitSetupTime = 0x07;
e ATT.FMC_HoldSetupTime = 0x04;
e ATT.FMC_HiZSetupTime = 0x00;

e |O0.FMC_SetupTime = 0x04;

e |O.FMC_WaitSetupTime = 0x07;

e |O0.FMC_HoldSetupTime = 0x04;

e |O0.FMC_HiZSetupTime = 0x00;

e TCLRSetupTime =0;

e TARSetupTime = 0.

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

3
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Figure 63. PC Card/CompactFlash controller waveforms for common memory read

access
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1.

FMC_NCE4_2 remains high (inactive during 8-bit access.

Figure 64. PC Card/CompactFlash controller waveforms for common memory write

access
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Figure 65. PC Card/CompactFlash controller waveforms for attribute memory
read access
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1. Only data bits 0...7 are read (bits 8...15 are disregarded).
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Figure 66. PC Card/CompactFlash controller waveforms for attribute memory
write access
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1. Only data bits 0...7 are driven (bits 8...15 remains Hi-Z).

Figure 67. PC Card/CompactFlash controller waveforms for I/O space read access
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Figure 68. PC Card/CompactFlash controller waveforms for I/0O space write access
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Table 99. Switching characteristics for PC Card/CF read and write cycles

in attribute/common space(1(2

Symbol Parameter Min Max Unit
ty(NCEx-A) FMC_Ncex low to FMC_Ay valid - 0 ns
th(NCEx_Al) FMC_NCEXx high to FMC_Ax invalid 0 - ns

t4(NREG-NCEX) FMC_NCEXx low to FMC_NREG valid - 1 ns
thnceEx-NREg) | FMC_NCEX high to FMC_NREG invalid Thek — 2 - ns
t4(NCEX-NWE) FMC_NCEXx low to FMC_NWE low - 5Thek ns
tw(NWE) FMC_NWE low width 8Thek — 0.5 | 8T kt0.5 | ns
ta(NWE_NCEx) FMC_NWE high to FMC_NCEX high 5Theok 1 - ns
tv(NWE-D) FMC_NWE low to FMC_D[15:0] valid - 0 ns
th(NWE-D) FMC_NWE high to FMC_DI[15:0] invalid 9Thck — 0.5 - ns
tyD-NWE) FMC_DI[15:0] valid before FMC_NWE high 13Thek — 3 ns
td(NCEX-NOE) FMC_NCEX low to FMC_NOE low - 5TheLk ns
tw(NOE) FMC_NOE low width 8 Thok — 0.5 | 8 T kt0.5 | ns
t4(NOE_NCEx) FMC_NOE high to FMC_NCEXx high 5Thok — 1 - ns
tsu (D-NOE) FMC_DI[15:0] valid data before FMC_NOE high THeLk - ns
th(NOE-D) FMC_NOE high to FMC_DI[15:0] invalid 0 - ns
1. C_=30pF.
2. Based on characterization, not tested in production.
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Table 100. Switching characteristics for PC Card/CF read and write cycles
in 1/0 space("(?

Symbol Parameter Min Max Unit

tw(NIOWR) FMC_NIOWR low width 8Thcik — 0.5 - ns
tv(NIOWR-D) FMC_NIOWR low to FMC_D[15:0] valid - 0 ns
th(NIOWR-D) FMC_NIOWR high to FMC_D[15:0] invalid Tholk — 2 - ns
td(NCE4_1-NIOWR) | FMC_NCE4_1 low to FMC_NIOWR valid - 5Thelk ns
th(NCEx-NIOWR) | FMC_NCEXx high to FMC_NIOWR invalid 5Thelk - ns
td(NIORD-NCEx) |FMC_NCEXx low to FMC_NIORD valid - 5TheLk ns
th(NCEx-NIORD) | FMC_NCEXx high to FMC_NIORD) valid 6THcLkt2 - ns
tw(NIORD) FMC_NIORD low width 8Thcik — 0.5 | 8ThcLkt0.5 ns
tsu(D-NIORD) FMC_DI[15:0] valid before FMC_NIORD high Thelk - ns
td(NIORD-D) FMC_DI[15:0] valid after FMC_NIORD high 0 - ns

1. C_=30pF.

2. Based on characterization, not tested in production.

NAND controller waveforms and timings

Figure 69 through Figure 72 represent synchronous waveforms, and Table 101 and
Table 102 provide the corresponding timings. The results shown in this table are obtained
with the following FMC configuration:

e COM.FMC_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 Ty is the HCLK clock period.

3
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Figure 69. NAND controller waveforms for read access
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Figure 70. NAND controller waveforms for write access
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Figure 71. NAND controller waveforms for common memory read access
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Figure 72. NAND controller waveforms for common memory write access
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Table 101. Switching characteristics for NAND Flash read cycles“)

Symbol Parameter Min Max Unit
tw(NOE) FMC_NOE low width 4Thek—0.5| 4Ty k0.5 | ns
tsup-NoE)y | FMC_D[15-0] valid data before FMC_NOE high 9 - ns
thnoe-p) | FMC_D[15-0] valid data after FMC_NOE high 0 - ns
tyaLe-Nog) | FMC_ALE valid before FMC_NOE low - 3THck —0.5| ns
thnoE-ALE) | FMC_NWE high to FMC_ALE invalid 3Thek — 2 - ns
1. C_=30pF.
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Table 102. Switching characteristics for NAND Flash write cycles(!)

Symbol Parameter Min Max Unit

tw(NWE) FMC_NWE low width 4THcLk 4Thekt1 | ns

ty(NWE-D) FMC_NWE low to FMC_DI[15-0] valid 0 - ns

th(NWE-D) FMC_NWE high to FMC_D[15-0] invalid 3Thek — 1 - ns

tyD-NWE) FMC_D[15-0] valid before FMC_NWE high 5Theok — 3 - ns
taALE-NWE) FMC_ALE valid before FMC_NWE low - 3THek=0.5| ns
thnwe-ALE) | FMC_NWE high to FMC_ALE invalid 3Thek — 1 - ns
C_ =30 pF.

SDRAM waveforms and timings

Figure 73. SDRAM read access waveforms (CL = 1)
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Table 103. SDRAM read timings("()

Symbol Parameter Min Max Unit
tw(spcLk) FMC_SDCLK period 2Tk - 0.5 2ThoLkt0.5
tsu(SDCLKH _Data) Data input setup time 2 -
th(SDCLKH_Data) Data input hold time 0 -
ty(SDCLKL_Add) Address valid time - 15
t4(SDCLKL- SDNE) Chip select valid time - 0.5 i,
th(SDCLKL_SDNE) Chip select hold time 0 -
t4(SDCLKL_SDNRAS) SDNRAS valid time - 05
th(SDCLKL_SDNRAS) SDNRAS hold time 0 ;
t4(SDCLKL_SDNCAS) SDNCAS valid time - 05
th(SDCLKL_SDNCAS) SDNCAS hold time 0 .

1. CL =30 pF on data and address lines. CL=15pF on FMC_SDCLK.

2. Guaranteed by characterization results, not tested in production.

Table 104. LPSDR SDRAM read timings("?

Symbol Parameter Min Max Unit
tw(sbcLk) FMC_SDCLK period 2Thek — 0.5 2THeok*0.5
tsu(SDCLKH_Data) Data input setup time 25 R
th(SDCLKH_Data) Data input hold time 0 -
ty(SDCLKL_Add) Address valid time - 1
ty(SDCLKL_SDNE) Chip select valid time - 1 _
th(SDCLKL_SDNE) Chip select hold time 1 .
t4(SDCLKL_SDNRAS SDNRAS valid time - 1
th(SDCLKL_SDNRAS) SDNRAS hold time 1 -
t4(SDCLKL_SDNCAS) SDNCAS valid time - 1
th(SDCLKL_SDNCAS) SDNCAS hold time 1 -
1. CL=10pF.

2. Guaranteed by characterization results, not tested in production.
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Figure 74. SDRAM write access waveforms
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Table 105. SDRAM write timings(1)(2)

Symbol Parameter Min Max Unit
tw(spcLk) FMC_SDCLK period 2Tk - 0.5 2ThoLkt0.5
ty(SDCLKL Data) Data output valid time - 25
th(SDCLKL _Data) Data output hold time 3.5 R
ta(SDCLKL_Add) Address valid time - 15
td(SDCLKL_SDNWE) SDNWE valid time - 1
th(SDCLKL_SDNWE) SDNWE hold time 0 -
ty(SDCLKL_ SDNE) Chip select valid time - 0.5
th(SDCLKL-_SDNE) Chip select hold time 0 R ns
t4(SDCLKL_SDNRAS) SDNRAS valid time - 2
th(SDCLKL_SDNRAS) SDNRAS hold time 0 _
t4(SDCLKL_SDNCAS) SDNCAS valid time - 0.5
ty(SDCLKL_SDNCAS) SDNCAS hold time 0 -
ty(spcLKL_NBL) NBL valid time - 05
th(sbcLkL NBL) NBLoutput time 0 -
1. CL =30 pF on data and address lines. CL=15pF on FMC_SDCLK.
2. Guaranteed by characterization results, not tested in production.
Table 106. LPSDR SDRAM write timings()(2)
Symbol Parameter Min Max Unit
tw(speLk) FMC_SDCLK period 2Tholk =05 | 2Theikt0.5
tySDCLKL Data) Data output valid time - 5
th(SDCLKL _Data) Data output hold time 2 .
ta(SDCLKL_Add) Address valid time - 28
td(SDCLKL-SDNWE) SDNWE valid time - 2
th(SDCLKL-SDNWE) SDNWE hold time 1 _
t4(SDCLKL- SDNE) Chip select valid time - 15
th(SDCLKL- SDNE) Chip select hold time 1 - ns
t4(SDCLKL-SDNRAS) SDNRAS valid time - 15
th(SDCLKL-SDNRAS) SDNRAS hold time 15 -
t4(SDCLKL-SDNCAS) SDNCAS valid time - 15
tasDCLKL-SDNCAS) SDNCAS hold time 15 -
ta(SDCLKL_NBL) NBL valid time - 15
th(SDCLKL-NBL) NBL output time 15 -

1. CL=10pF.

DoclD024030 Rev 5

3




STM32F427xx STM32F429xx Electrical characteristics

6.3.27

3

2. Guaranteed by characterization results, not tested in production.

Camera interface (DCMI) timing specifications

Unless otherwise specified, the parameters given in Table 107 for DCMI are derived
from tests performed under the ambient temperature, fc k frequency and Vpp supply
voltage summarized in Table 17, with the following configuration:

e DCMI_PIXCLK polarity: falling
e DCMI_VSYNC and DCMI_HSYNC polarity: high
e Data formats: 14 bits

Table 107. DCMI characteristics

Symbol Parameter Min Max Unit
Frequency ratio DCMI_PIXCLK/fycLk - 0.4
DCMI_PIXCLK | Pixel clock input - 54 MHz
Dpixel Pixel clock input duty cycle 30 70 %
tsupATA) Data input setup time 2 -
thDATA) Data input hold time 25 -
t
suHSYNC) | peMI_HSYNC/DCMI_VSYNC input setup time 0.5 - ns
tsuvsyne)
{
h(HSYNC) | pCMI_HSYNC/DCMI_VSYNC input hold time 1 -
thvsyne)

Figure 75. DCMI timing diagram
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LCD-TFT controller (LTDC) characteristics

Unless otherwise specified, the parameters given in Table 108 for LCD-TFT are derived
from tests performed under the ambient temperature, frck frequency and VDD supply
voltage summarized in Table 17, with the following configuration:

e LCD_CLK polarity: high

e LCD_DE polarity : low

e LCD_VSYNC and LCD_HSYNC polarity: high
e Pixel formats: 24 bits

Table 108. LTDC characteristics

Symbol Parameter Min Max Unit
folk LTDC clock output frequency - 42 MHz
Dcik LTDC clock output duty cycle 45 55 %
bw(CLKH) Clock High time, low time tw(CLK)/2 - 0.5 | tw(CLK)/2+0.5
tw(cLky)
ty(DATA) Data output valid time - 3.5
thDATA) Data output hold time 1.5 -
tyHsYNC)

HSYNC/VSYNC/DE output valid ns
tyvsyne) time - 2.5
ty(oE)
th(HsyNe)
HSYNC/VSYNC/DE output hold 2
th(vsYNC) time -
th(DE)
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Figure 76. LCD-TFT horizontal timing diagram

(CLK ¥
) r [ N | )
LCD_CLK |||.||||||||||||||...||||.
L d d d tlad 1 ! 1
LCD_VSYNC | i | P ; ;
tv(HSYNC)Pire | | b tV(HSYNC) -Prie
LCD_HSYNC | \..... _f i Lo : _F\—
5 W(DE) bt || th(DE) -1 D
LCD_DE __ 5 / P L_
L vOATA) e | |
LCD_R[0:7] __t ! - I eyt :
CL em— ) 0 8 ) S
LCD_B[0:7] ; . : @ \--.' !
| ! | »—¢ th(DATA) ! |
“ PP P
EHSYNC Horizonta! Active width Horizontal |
: width back porch back porch
One line I

MS32749V1

Figure 77. LCD-TFT vertical timing diagram
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SD/SDIO MMC card host interface (SDIO) characteristics

Unless otherwise specified, the parameters given in Table 109 for the SDIO/MMC interface
are derived from tests performed under the ambient temperature, fpc| k2 frequency and Vpp
supply voltage conditions summarized in Table 17, 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: I/0O port characteristics for more details on the input/output
characteristics.

Figure 78. SDIO high-speed mode
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Table 109. Dynamic characteristics: SD / MMC characteristics(!(?

Symbol Parameter Conditions Min Typ Max Unit
fop Clock frequency in data transfer mode 0 48 MHz
- SDIO_CK/fPCLK2 frequency ratio - - 8/3 -
tW(CKL) Clock low time fpp =48 MHz 8.5 9 -
ns
tw(ckH) Clock high time fop =48 MHz 8.3 10 -
CMD, D inputs (referenced to CK) in MMC and SD HS mode
tisu Input setup time HS fpp =48 MHz 3.5 - -
ns
tiH Input hold time HS fpp =48 MHz 0 - -
CMD, D outputs (referenced to CK) in MMC and SD HS mode
tov Output valid time HS fpp =48 MHz - 4.5 7
ns
ton Output hold time HS fpp =48 MHz 3 - -
CMD, D inputs (referenced to CK) in SD default mode
tISUD | Input setup time SD fop =24 MHz 1.5 - -
ns
tIHD Input hold time SD fop =24 MHz 0.5 - -
CMD, D outputs (referenced to CK) in SD default mode
tovD Output valid default time SD fop =24 MHz - 4.5 6.5
ns
tOHD Output hold default time SD fop =24 MHz 3.5 - -
1. Guaranteed by characterization results, not tested in production.
2. Vpp=27t036V.
6.3.30 RTC characteristics
Table 110. RTC characteristics
Symbol Parameter Conditions Min Max
.| Any read/write operation
- fpcLk1/RTCCLK frequency ratio from/to an RTC register 4 -
1S7 DoclD024030 Rev 5 191/226
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7 Package characteristics

71 Package mechanical data

In order to meet environmental requirements, ST offers these devices in different grades of
ECOPACK® packages, depending on their level of environmental compliance. ECOPACK®
specifications, grade definitions and product status are available at: www.st.com.
ECOPACK® is an ST trademark.

Figure 80. LQFP100 -100-pin, 14 x 14 mm low-profile quad flat package outline
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1. Drawing is not to scale.
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Table 111. LQPF100 100-pin, 14 x 14 mm low-profile quad flat package mechanical data

millimeters inches(!)
Symbol
Min Typ Max Min Typ Max

A - - 1.600 - - 0.0630
A1 0.050 - 0.150 0.0020 - 0.0059
A2 1.350 1.400 1.450 0.0531 0.0551 0.0571
b 0.170 0.220 0.270 0.0067 0.0087 0.0106
0.090 - 0.200 0.0035 - 0.0079
D 15.800 16.000 16.200 0.6220 0.6299 0.6378
D1 13.800 14.000 14.200 0.5433 0.5512 0.5591

D3 - 12.000 - - 0.4724 -
E 15.800 16.000 16.200 0.6220 0.6299 0.6378
E1 13.800 14.000 14.200 0.5433 0.5512 0.5591

E3 - 12.000 - - 0.4724 -

e - 0.500 - - 0.0197 -
L 0.450 0.600 0.750 0.0177 0.0236 0.0295

L1 - 1.000 - - 0.0394 -

k 0.0° 3.5° 7.0° 0.0° 3.5° 7.0°
cce - - 0.080 - - 0.0031
1. Values in inches are converted from mm and rounded to 4 decimal digits.
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Figure 81. LQPF100 recommended footprint
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1. Dimensions are expressed in millimeters.

Device marking for LQFP100

The following figure gives an example of topside marking orientation versus pin 1 identifier
location.

Figure 82. LQFP100 marking example (package top view)

Product identification(!)
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2i14998d

1. Samples identified with a marking beginning with "ES" or ‘E’ or accompanied by a specific notification are
to be considered as “Engineering Samples": i.e. they are intended to be sent to customer for electrical
compatibility evaluation and may be used to start customer qualification where specifically authorized by
ST in writing. In no event ST will be liable for any customer usage in production. Only if ST has authorized
in writing the customer qualification Engineering Samples can be used for reliability qualification trials.
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Figure 83. WLCSP143 - 143-pin, 4.521x 5.547 mm, 0.4 mm pitch wafer level chip scale
package outline
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Table 112. WLCSP143 - 143-pin, 4.521x 5.547 mm, 0.4 mm pitch wafer level chip scale
package mechanical data

millimeters inches(V)
Symbol
Min Typ Max Min Typ Max

A 0.525 0.555 0.585 0.0207 0.0219 0.0230

A1 - 0.175 - - 0.0069 -

A2 - 0.380 - - 0.0150 -

A3 - 0.025 - - 0.0010 -
b®) 0.220 0.250 0.280 0.0087 0.0098 0.0110
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Table 112. WLCSP143 - 143-pin, 4.521x 5.547 mm, 0.4 mm pitch wafer level chip scale
package mechanical data (continued)

millimeters inches(!
Symbol
Min Typ Max Min Typ Max
4.486 4.521 4.556 0.1766 0.1780 0.1794

E 5.512 5.547 5.582 0.2170 0.2184 0.2198

e - 0.400 - - 0.0157 -
e1 - 4.000 - - 0.1575 -
e2 - 4.800 - - 0.1890 -

F - 0.2605 - - 0.0103 -

G - 0.3735 - - 0.0147 -
aaa - - 0.100 - - 0.0039
bbb - - 0.100 - - 0.0039
cce - - 0.100 - - 0.0039
ddd - - 0.050 - - 0.0020
eee - - 0.050 - - 0.0020

1. Values in inches are converted from mm and rounded to 4 decimal digits.
2. Back side coating.

3. Dimension is measured at the maximum bump diameter parallel to primary datum Z.

Figure 84. WLCSP143 - 143-pin, 4.521x 5.547 mm, 0.4 mm pitch wafer level chip scale
recommended footprint

Dpad
Dsm MS18965V2
Table 113. WLCSP143 recommended PCB design rules (0.4 mm pitch)
Dimension Recommended values
Pitch 0.4
Dpad 260 ym max. (circular)
220 ym recommended

Dsm 300 pym min. (for 260 ym diameter pad)
PCB pad design Non-solder mask defined via underbump allowed.
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Device marking for WLCSP143

The following figure gives an example of topside marking orientation versus ball A 1
identifier location.

Figure 85. WLCSP143 marking example (package top view)

QJ— ball A1

Product
identification(1)

MES32Fu429ZIVYhbL

Date code = Year+Week

Yiww |E|"— Revision code

MSv32786V3

1. Samples identified with a marking beginning with "ES" or ‘E’ or accompanied by a specific notification are
to be considered as “Engineering Samples": i.e. they are intended to be sent to customer for electrical
compatibility evaluation and may be used to start customer qualification where specifically authorized by
ST in writing. In no event ST will be liable for any customer usage in production. Only if ST has authorized
in writing the customer qualification Engineering Samples can be used for reliability qualification trials.

3
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Figure 86. LQFP144-144-pin, 20 x 20 mm low-profile quad flat package outline
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IDENTIFICATION
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1. Drawing is not to scale.
Table 114. LQFP144 - 144-pin, 20 x 20 mm low-profile quad flat package
mechanical data
millimeters inches(")
Symbol
Min Typ Max Min Typ Max
A - - 1.600 - - 0.0630
A1 0.050 - 0.150 0.0020 - 0.0059
A2 1.350 1.400 1.450 0.0531 0.0551 0.0571
b 0.170 0.220 0.270 0.0067 0.0087 0.0106
0.090 - 0.200 0.0035 - 0.0079
D 21.800 22.000 22.200 0.8583 0.8661 0.874
D1 19.800 20.000 20.200 0.7795 0.7874 0.7953
D3 - 17.500 - - 0.689 -
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Package characteristics

Table 114. LQFP144 - 144-pin, 20 x 20 mm low-profile quad flat package
mechanical data (continued)

millimeters inches(!)
Symbol
Min Typ Max Min Typ Max

E 21.800 22.000 22.200 0.8583 0.8661 0.8740
E1 19.800 20.000 20.200 0.7795 0.7874 0.7953
E3 - 17.500 - - 0.6890 -

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°
ccc - - 0.080 - - 0.0031

1. Values in inches are converted from mm and rounded to 4 decimal digits.

Figure 87. LQFP144- 144-pin,20 x 20 mm low-profile quad flat package
recommended footprint
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1. Dimensions are expressed in millimeters.
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Device marking for LQFP144

The following figure gives an example of topside marking orientation versus pin 1 identifier

location.
Figure 88. LQFP144 marking example (package top view)
Revision code

Product "l Q R
identification(1 )

\A

32eFUESa9ZEThE
Date code = Year+Week
YW W
Pin 1 \
ai15101d

1. Samples identified with a marking beginning with "ES" or ‘E’ or accompanied by a specific notification are
to be considered as “Engineering Samples": i.e. they are intended to be sent to customer for electrical
compatibility evaluation and may be used to start customer qualification where specifically authorized by
ST in writing. In no event ST will be liable for any customer usage in production. Only if ST has authorized
in writing the customer qualification Engineering Samples can be used for reliability qualification trials.

3
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Package characteristics

Figure 89. LQFP176 - 176-pin, 24 x 24 mm low-profile quad flat package outline
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1.

Drawing is not to scale.

Table 115. LQFP176 - 176-pin, 24 x 24 mm low-profile quad flat package

mechanical data

millimeters inches(")
Symbol

Min Typ Max Min Typ Max
A - - 1.600 - - 0.0630
A1 0.050 - 0.150 0.0020 - 0.0059
A2 1.350 - 1.450 0.0531 - 0.0571
b 0.170 - 0.270 0.0067 - 0.0106

0.090 - 0.200 0.0035 - 0.0079
D 23.900 - 24.100 0.9409 - 0.9488
HD 25.900 - 26.100 1.0197 - 1.0276
ZD - 1.250 - - 0.0492 -
E 23.900 - 24.100 0.9409 - 0.9488
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Table 115. LQFP176 - 176-pin, 24 x 24 mm low-profile quad flat package

mechanical data (continued)

millimeters inches(")
Symbol
Min Typ Max Min Typ Max
HE 25.900 - 26.100 1.0197 - 1.0276
ZE - 1.250 - - 0.0492 -

e - 0.500 - - 0.0197 -
L) 0.450 - 0.750 0.0177 - 0.0295
L1 - 1.000 - - 0.0394 -

k 0° - 7° 0° - 7°
cce - - 0.080 - - 0.0031

1. Values in inches are converted from mm and rounded to 4 decimal digits.

2. L dimension is measured at gauge plane at 0.25 mm above the seating plane.
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3

Figure 90. LQFP176 - 176-pin, 24 x 24 mm low profile quad flat recommended

footprint
A |12
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Device marking for LQFP176

The following figure gives an example of topside marking orientation versus pin 1 identifier
location.

Figure 91. LQFP176 marking (package top view)

Product
identification( )

\ESBEF'—IE?IITI:-

Date code =

Revision code /
viww Year + week
(R O
Pin 1 ‘ ’ I
identifier
ai17740c

1. Samples identified with a marking beginning with "ES" or ‘E’ or accompanied by a specific notification are
to be considered as “Engineering Samples": i.e. they are intended to be sent to customer for electrical
compatibility evaluation and may be used to start customer qualification where specifically authorized by
ST in writing. In no event ST will be liable for any customer usage in production. Only if ST has authorized
in writing the customer qualification Engineering Samples can be used for reliability qualification trials.

3
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Figure 92. LQFP208 - 208-pin, 28 x 28 mm low-profile quad flat package outline
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1. Drawing is not to scale.

Table 116. LQFP208 - 208-pin, 28 x 28 mm low-profile quad flat package
mechanical data

millimeters inches("
Symbol
Min Typ Max Min Typ Max
A - - 1.600 - - 0.0630
A1 0.050 - 0.150 0.0020 - 0.0059
A2 1.350 1.400 1.450 0.0531 0.0551 0.0571
b 0.170 0.220 0.270 0.0067 0.0087 0.0106
c 0.090 - 0.200 0.0035 - 0.0079
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Table 116. LQFP208 - 208-pin, 28 x 28 mm low-profile quad flat package

mechanical data (continued)

millimeters inches(!
Symbol
Min Typ Max Min Typ Max

D 29.800 30.000 30.200 1.1732 1.1811 1.1890
D1 27.800 28.000 28.200 1.0945 1.1024 1.1102
D3 - 25.500 - - 1.0039 -

E 29.800 30.000 30.200 1.1732 1.1811 1.1890
E1 27.800 28.000 28.200 1.0945 1.1024 1.1102
E3 - 25.500 - - 1.0039 -

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° 0° 3.5° 7.0°
cce - - 0.080 - - 0.0031

1. Values in inches are converted from mm and rounded to 4 decimal digits.

206/226

recommended footprint

Figure 93. LQFP208 - 208-pin, 28 x 28 mm low-profile quad flat package
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Dimensions are expressed in millimeters.
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Device marking for LQFP208

The following figure gives an example of topside marking orientation versus pin 1 identifier

location.

Figure 94. LQFP208 marking example (package top view)

Product identification()

RN

Revision code

Lys

N
O R |

ES32Fu29BITH

Pin 1 |
identifier

Date code = year + week

R
®

YW w|
®

MS31816V3

1. Samples identified with a marking beginning with "ES" or ‘E’ or accompanied by a specific notification are
to be considered as “Engineering Samples": i.e. they are intended to be sent to customer for electrical
compatibility evaluation and may be used to start customer qualification where specifically authorized by
ST in writing. In no event ST will be liable for any customer usage in production. Only if ST has authorized
in writing the customer qualification Engineering Samples can be used for reliability qualification trials.

3
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Figure 95. UFBGA169 - 169-ball 7 x 7 mm 0.50 mm pitch, ultra fine pitch ball grid array
package outline
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1. Drawing is not to scale.

Table 117. UFBGA169 - 169-ball 7 x 7 mm 0.50 mm pitch, ultra fine pitch ball grid array
package mechanical data

millimeters inches(!)
Symbol
Min Typ Max Min Typ Max
A 0.460 0.530 0.600 0.0181 0.0209 0.0236
A1 0.050 0.080 0.110 0.0020 0.0031 0.0043
A2 0.400 0.450 0.500 0.0157 0.0177 0.0197
A3 - 0.130 - - 0.0051 -
A4 0.270 0.320 0.370 0.0106 0.0126 0.0146
0.230 0.280 0.330 0.0091 0.0110 0.0130
D 6.950 7.000 7.050 0.2736 0.2756 0.2776
D1 5.950 6.000 6.050 0.2343 0.2362 0.2382
E 6.950 7.000 7.050 0.2736 0.2756 0.2776
E1 5.950 6.000 6.050 0.2343 0.2362 0.2382
e - 0.500 - - 0.0197 -
F 0.450 0.500 0.550 0.0177 0.0197 0.0217
ddd - - 0.100 - - 0.0039
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Table 117. UFBGA169 - 169-ball 7 x 7 mm 0.50 mm pitch, ultra fine pitch ball grid array
package mechanical data (continued)

millimeters inches("
Symbol
Min Typ Max Min Typ Max
eee - - 0.150 - - 0.0059
fff - - 0.050 - - 0.0020

1.

Values in inches are converted from mm and rounded to 4 decimal digits.

Device marking for UFBGA169

The following figure gives an example of topside marking orientation versus ball A1 identifier
location.

Figure 96. UFBGA169 marking example (package top view)

Ball A1
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Product
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Samples identified with a marking beginning with "ES" or ‘E’ or accompanied by a specific notification are
to be considered as “Engineering Samples": i.e. they are intended to be sent to customer for electrical
compatibility evaluation and may be used to start customer qualification where specifically authorized by
ST in writing. In no event ST will be liable for any customer usage in production. Only if ST has authorized
in writing the customer qualification Engineering Samples can be used for reliability qualification trials.
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Figure 97. UFBGA176+25 - 201-ball 10 x 10 mm, 0.65 mm pitch ultra thin fine pitch ball
grid array
package outline
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1. Drawing is not to scale.

Table 118. UFBGA176+25 - 201-ball 10 x 10 mm, 0.65 mm pitch ultra thin fine pitch ball

grid array
mechanical data
millimeters inches(!)
Symbol
Min Typ Max Min Typ Max

A 0.460 0.530 0.600 0.0181 0.0209 0.0236
A1 0.050 0.080 0.110 0.002 0.0031 0.0043
A2 0.400 0.450 0.500 0.0157 0.0177 0.0197

b 0.230 0.280 0.330 0.0091 0.0110 0.0130

D 9.950 10.000 10.050 0.3917 0.3937 0.3957

E 9.950 10.000 10.050 0.3917 0.3937 0.3957

e - 0.650 - - 0.0256 -

F 0.400 0.450 0.500 0.0157 0.0177 0.0197
ddd - - 0.080 - - 0.0031
eee - - 0.150 - - 0.0059
fff - - 0.080 - - 0.0031

1. Values in inches are converted from mm and rounded to 4 decimal digits.
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Device marking for UFBGA176+25

The following figure gives an example of topside marking orientation versus ball A1 identifier
location.

Figure 98. UFBGA176+25 marking example (package top view)

Product identification" Revision code
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1. Samples identified with a marking beginning with "ES" or ‘E’ or accompanied by a specific notification are

to be considered as “Engineering Samples": i.e. they are intended to be sent to customer for electrical
compatibility evaluation and may be used to start customer qualification where specifically authorized by
ST in writing. In no event ST will be liable for any customer usage in production. Only if ST has authorized
in writing the customer qualification Engineering Samples can be used for reliability qualification trials.
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Figure 99. TFBGA216 - 216 ball 13 x 13 mm 0.8 mm pitch thin fine pitch ball grid array
package outline
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1. Drawing is not to scale.

Table 119. TFBGA216 - 216 ball 13 x 13 mm 0.8 mm pitch thin fine pitch ball grid array
package mechanical data

millimeters inches(!)
Symbol
Min Typ Max Min Typ Max
A - - 1.100 - - 0.0433
A1 0.150 - - 0.0059 - -
A2 - 0.760 - - 0.0299 -
A4 - 0.210 - - 0.0083 -
0.350 0.400 0.450 0.0138 0.0157 0.0177
D 12.850 13.000 13.150 0.5118 0.5118 0.5177
D1 - 11.200 - - 0.4409 -
E 12.850 13.000 13.150 0.5118 0.5118 0.5177
E1 - 11.200 - - 0.4409 -
e - 0.800 - - 0.0315 -
F - 0.900 - - 0.0354 -
ddd - - 0.080 - - 0.0031

1. Values in inches are converted from mm and rounded to 4 decimal digits.

3
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Device marking for TFBGA176

The following figure gives an example of topside marking orientation versus ball A1 identifier

location.

Figure 100. TFBGA176 marking example (package top view)
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1. Samples identified with a marking beginning with "ES" or ‘E’ or accompanied by a specific notification are
to be considered as “Engineering Samples": i.e. they are intended to be sent to customer for electrical
compatibility evaluation and may be used to start customer qualification where specifically authorized by
ST in writing. In no event ST will be liable for any customer usage in production. Only if ST has authorized
in writing the customer qualification Engineering Samples can be used for reliability qualification trials.
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7.2 Thermal characteristics

The maximum chip-junction temperature, T ; max, in degrees Celsius, may be calculated
using the following equation:

Ty max =Ty max + (Pp max x O,,)

Where:

e T, maxis the maximum ambient temperature in °C,

e 0, is the package junction-to-ambient thermal resistance, in °C/W,

e  Pp max is the sum of P\t max and Pj,o max (Pp max = Pyt max + P;,gmax),

e  Pny7 maxis the product of Ipp and Vpp, expressed in Watts. This is the maximum chip
internal power.

P|;o max represents the maximum power dissipation on output pins where:

Pijo max =X (VoL * loL) + Z((Vpp = Vor) * lom),
taking into account the actual Vg / I and Vgy / Ioy of the 1/Os at low and high level in the
application.

Table 120. Package thermal characteristics

Symbol Parameter Value Unit

Thermal resistance junction-ambient

LQFP100 - 14 x 14 mm / 0.5 mm pitch 43

Thermal resistance junction-ambient 312
WLCSP143 ’

Thermal resistance junction-ambient 40

LQFP144 - 20 x 20 mm / 0.5 mm pitch

Thermal resistance junction-ambient 38

LQFP176 - 24 x 24 mm / 0.5 mm pitch

Thermal resistance junction-ambient

LQFP208 - 28 x 28 mm / 0.5 mm pitch 19
Thermal resistance junction-ambient 52
UFBGA169 - 7 x 7mm / 0.5 mm pitch

Thermal resistance junction-ambient 39
UFBGA176 - 10x 10 mm / 0.5 mm pitch

Thermal resistance junction-ambient 29

TFBGA216 - 13 x 13 mm / 0.8 mm pitch

Reference document

JESDS51-2 Integrated Circuits Thermal Test Method Environment Conditions - Natural
Convection (Still Air). Available from www.jedec.org.

3
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3

Part numbering

Table 121. Ordering information scheme

Example:

Device family

STM32

STM32 = ARM-based 32-bit microcontroller

Product type

F

F = general-purpose

Device subfamily

429 V

427= STM32F427xx, USB OTG FS/HS, camera interface,
Ethernet

429= STM32F429xx, USB OTG FS/HS, camera interface,
Ethernet, LCD-TFT

Pin count

V =100 pins

Z =143 and 144 pins
A =169 pins

| =176 pins

B = 208 pins

N =216 pins

Flash memory size

E = 512 Kbytes of Flash memory
G = 1024 Kbytes of Flash memory
| = 2048 Kbytes of Flash memory

Package

T

T =LQFP
H = BGA
Y = WLCSP

Temperature range

6 xxx

6 = Industrial temperature range, —40 to 85 °C.
7 = Industrial temperature range, —40 to 105 °C.

Options

XXX = programmed parts
TR = tape and reel

For a list of available options (speed, package, etc.) or for further information on any aspect
of this device, please contact your nearest ST sales office.
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Appendix A Recommendations when using internal reset

OFF

When the internal reset is OFF, the following integrated features are no longer 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 Vgt functionality is no more available and VBAT pin should be connected to Vpp.
e  The over-drive mode is not supported.

A1

Operating conditions

Table 122. Limitations depending on the operating power supply range

Maximum
Flash
Operating memory Maximum Flash Possible Flash
power ADC access memory access .
. - 1/0 operation memory
supply operation frequency frequency with oberations
range with no wait | wait states (12 P
states
(friashmax)
Vpp =1.7 to C.onverS|on @ 16§ MHz with 8 | No I/O 8-bit erase and
210G time up to 20 MHz wait states and compensation program
’ 1.2 Msps over-drive OFF operations only

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, with the use of an external power supply supervisor (refer to
Section 3.17.1: Internal reset ON).

4. Prefetch is not available. Refer to AN3430 application note for details on how to adjust performance and

power.
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Appendix B  Application block diagrams

B.1 USB OTG full speed (FS) interface solutions

Figure 101. USB controller configured as peripheral-only and used
in Full speed mode
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External voltage regulator only needed when building a Vgg powered device.

2. The same application can be developed using the OTG HS in FS mode to achieve enhanced performance
thanks to the large Rx/Tx FIFO and to a dedicated DMA controller.

Figure 102. USB controller configured as host-only and used in full speed mode
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1. The current limiter is required only if the application has to support a Vgyg powered device. A basic power
switch can be used if 5 V are available on the application board.

2. The same application can be developed using the OTG HS in FS mode to achieve enhanced performance
thanks to the large Rx/Tx FIFO and to a dedicated DMA controller.
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Figure 103. USB controller configured in dual mode and used in full speed mode
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External voltage regulator only needed when building a Vgys powered device.

The current limiter is required only if the application has to support a Vgyg powered device. A basic power
switch can be used if 5 V are available on the application board.

The ID pin is required in dual role only.

The same application can be developed using the OTG HS in FS mode to achieve enhanced performance
thanks to the large Rx/Tx FIFO and to a dedicated DMA controller.
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B.2

3

USB OTG high speed (HS) interface solutions

Figure 104. 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 STM32F42x
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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B.3 Ethernet interface solutions
Figure 105. MIl mode using a 25 MHz crystal
STM32
MII_TX_CLK
MCU < == [\
Ethernet MIL_TX_EN ) Ethernet
MAC 10/100 MIl_TXD[3:0] PHY 10/100
MII_CRS MIl
MIl_COL =15 pins
1
HCLK(h—» . |mi_Rx_cik MIl + MDC
_ [MI_RXD[3:0] =17 pins
. IEEE1588 PTP MII_RX_DV
Timer MII_RX_ER
{n.put = “ |/
rigger|Timestam
TIM2} ¢ comparatgr mglé) > )
PPS_OUT(2)
XTAL —| HCLK
— 0SG
25 |V|HZ_|_ . Mcoi/Mmco2 |PHY_CLK 25 MHZ‘ XT1
MS19968V1
1. fhcLk must be greater than 25 MHz.
2. Pulse per second when using IEEE1588 PTP optional signal.
Figure 106. RMIl with a 50 MHz oscillator
TM32
S 8 Ethernet
PHY 10/100
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Ethernet
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; - MDC
trigger|Timestam
TIM2L ¢ comparatgr /
< /20r/20 |g
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0OSsC o PLL HCLK
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PHY_CLK 150 MHz| XT1 50 MHz
MS19969V1

1. fycLk must be greater than 25 MHz.
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Figure 107. RMII with a 25 MHz crystal and PHY with PLL

STM32F Ethernet
PHY 10/100
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XTAL —L| 050 PLL HCLK PLL
25 MHE= | MCO1MCO2  |PHY_CLK 25 MHz| XT1
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1. fhcLk must be greater than 25 MHz.
The 25 MHz (PHY_CLK) must be derived directly from the HSE oscillator, before the PLL block.
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Table 123. Document revision history

Date Revision Changes

19-Mar-2013 1 Initial release.
Added STM32F429xx part numbers and related informations.
STM32F427xx part numbers:
Replaced FSMC by FMC added Chrom-ART Accelerator and SAI
interface.
Increased core, timer, GPIOs, SPI maximum frequencies
Updated Figure 8.Updated Figure 9.
Removed note in Section -: Standby mode.
Updated Figure 18.
Updated Table 10: STM32F427xx and STM32F429xx pin and ball
definitions and Table 12: STM32F427xx and STM32F429xx alternate
function mapping..
Modified Figure 19: Memory map.
Updated Table 17: General operating conditions, Table 18: Limitations
depending on the operating power supply range. Removed note 1 in
Table 22: reset and power control block characteristics. Added
Table 23: Over-drive switching characteristics.

10-Sep-2013 2 Updated Section : Typical and maximum current consumption,

Table 34: Switching output I/O current consumption, Table 35:
Peripheral current consumption and Section : On-chip peripheral
current consumption.

Updated Table 36: Low-power mode wakeup timings.

Modified Section : High-speed external user clock generated from an
external source, Section : Low-speed external user clock generated
from an external source, and Section 6.3.10: Internal clock source
characteristics.

Updated Table 43: Main PLL characteristics and Table 45: PLLISAI
(audio and LCD-TFT PLL) characteristics.

Updated Table 52: EMI characteristics.

Updated Table 57: Output voltage characteristics and Table 58: I/0 AC
characteristics.

Updated Table 60: TIMx characteristics, Table 61: ’c characteristics,
Table 62: SPI dynamic characteristics, Section : SAl characteristics.
Updated Table 103: SDRAM read timings and Table 105: SDRAM write
timings.
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Table 123. Document revision history

Date

Revision

Changes

24-Jan-2014

Added STM32F429xE part numbers featuring 512 Mbytes of Flash
memory and UFBGA169 package.

Added LPSDR SDRAM.

Changed INTN into INTR in Figure 4: STM32F427xx and
STM32F429xx block diagram.

Added note 4 in Table 2: STM32F427xx and STM32F429xx features
and peripheral counts.

Updated Section 3.15: Boot modes.

Updated for PA4 and PAS5 in Table 10: STM32F427xx and
STM32F429xx pin and ball definitions.

Added V for BOOTO pins in Table 14: Voltage characteristics.

Updated Note 6., added Note 7.,and updated maximum Vy for B pins
in Table 17: General operating conditions.

Updated maximum Flash memory access frequency with wait states
for Vpp =1.8 to 2.1 V in Table 18: Limitations depending on the
operating power supply range.

Updated Table 24: Typical and maximum current consumption in Run
mode, code with data processing running from Flash memory (ART
accelerator enabled except prefetch) or RAM and Table 25: Typical
and maximum current consumption in Run mode, code with data
processing running from Flash memory (ART accelerator disabled).

Updated Table 30: Typical current consumption in Run mode, code
with data processing running from Flash memory or RAM, regulator
ON (ART accelerator enabled except prefetch), VDD=1.7 V, Table 31:
Typical current consumption in Run mode, code with data processing
running from Flash memory, requlator OFF (ART accelerator enabled
except prefetch), and Table 32: Typical current consumption in Sleep
mode, regulator ON, VDD=1.7 V.

Updated Table 57: Output voltage characteristics.

Updated Table 58: I/0O AC characteristics. Added Figure 35.

Updated th(SDA)! tr(SDA) and tr(SCL) and added tsp in Table 61: I2C
characteristics.

Updated fgck in Table 62: SPI dynamic characteristics.

Updated Table 70: Dynamic characteristics: USB ULPI.

Updated Section 6.3.26: FMC characteristics conditions. Updated
Figure 73: SDRAM read access waveforms (CL = 1) and Figure 74:
SDRAM write access waveforms. Added Table 104: LPSDR SDRAM
read timings and Table 106: LPSDR SDRAM write timings. Updated
Table 103: SDRAM read timings and Table 105: SDRAM write timings
and added note 2.Table 109: Dynamic characteristics: SD / MMC
characteristics.
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Table 123. Document revision history

Date

Revision

Changes

24-Apr-2014

In the whole document, minimum supply voltage changed to 1.7 V
when external power supply supervisor is used.

Added DCMI_VSYNC alternate function on PG9 and updated note 6.
in Table 10: STM32F427xx and STM32F429xx pin and ball definitions
and Table 12: STM32F427xx and STM32F429xx alternate function
mapping. Added note 2.belowFigure 16: STM32F42x UFBGA169
ballout.

Changed SVGA (800x600) into XGA1024x768) on cover page and in
Section 3.10: LCD-TFT controller (available only on STM32F429xx).
Updated Section 3.18.2: Regulator OFF.

Updated signal corresponding to pin L5 in Figure 12: STM32F42x
WLCSP143 ballout.

Added ACCygg in Table 39: HSE 4-26 MHz oscillator characteristics
and ACC g in Table 40: LSE oscillator characteristics (fLSE = 32.768
kHz).

Updated Table 53: ESD absolute maximum ratings.

Updated V, in Table 56: I/O static characteristics. Added condition
Vpp>1.7 Vin Table 58: I/O AC characteristics.

Updated conditions in Table 62: SPI dynamic characteristics.

Added Zpry in Table 67: USB OTG full speed electrical characteristics
Removed note 3 in Table 81: Temperature sensor characteristics.
Added Figure 82: LQFP100 marking example (package top view),
Figure 85: WLCSP143 marking example (package top view),

Figure 88: LQFP144 marking example (package top view), Figure 91:
LQFP176 marking (package top view), Figure 94: LQFP208 marking
example (package top view), Figure 96: UFBGA169 marking example
(package top view) and Figure 98: UFBGA176+25 marking example
(package top view).

Added Appendix A: Recommendations when using internal reset OFF.
Removed Internal reset OFF hardware connection appendix.
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Table 123. Document revision history

Date

Revision

Changes

19-Feb-2015

Update SPI/IS2 in Table 2: STM32F427xx and STM32F429xx features
and peripheral counts.

Updated LQFP208 in Table 4: Regulator ON/OFF and internal reset
ON/OFF availability.

Updated Figure 19: Memory map.

Changed PLS[2:0]=101 (falling edge) maximum value in Table 22:
reset and power control block characteristics.

Updated current consumption with all peripherals disabled in Table 24:
Typical and maximum current consumption in Run mode, code with
data processing running from Flash memory (ART accelerator
enabled except prefetch) or RAM. Updated note 1. in Table 28: Typical
and maximum current consumptions in Standby mode.

Updated tyyystop in Table 36: Low-power mode wakeup timings.
Updated ESD standards and Table 53: ESD absolute maximum
ratings.

Updated Table 56: I/O static characteristics.

Section : I12C interface characteristics: updated section introduction,
removed Table /12C characteristics, Figure 12C bus AC waveforms and
measurement circuit and Table SCL frequency; added Table 61: 12C
analog filter characteristics.

Updated measurement conditions in Table 62: SPI dynamic
characteristics.

Updated Figure 51: Typical connection diagram using the ADC.
Updated Section : Device marking for LQFP100.

Updated Figure 83: WLCSP143 - 143-pin, 4.521x 5.547 mm, 0.4 mm
pitch wafer level chip scale package outline and Table 112: WLCSP143
- 143-pin, 4.521x 5.547 mm, 0.4 mm pitch wafer level chip scale
package mechanical data; added Figure 84: WLCSP143 - 143-pin,
4.521x 5.547 mm, 0.4 mm pitch wafer level chip scale recommended
footprint and Table 113: WLCSP143 recommended PCB design rules
(0.4 mm pitch). Updated Figure 85: WLCSP143 marking example
(package top view) and related note. Updated Section : Device
marking for WLCSP143.

Updated Section : Device marking for LQFP144.

Updated Section : Device marking for LQFP176.

Updated Figure 92: LQFP208 - 208-pin, 28 x 28 mm low-profile quad
flat package outline; Updated Section : Device marking for LQFP208.
Modified UFBGA169 pitch, updated Figure 95: UFBGA169 - 169-ball 7
x 7. mm 0.50 mm pitch, ultra fine pitch ball grid array package outline
and Table 117: UFBGA169 - 169-ball 7 x 7 mm 0.50 mm pitch, ultra
fine pitch ball grid array package mechanical data; updated Section :
Device marking for LQFP208.

updated Section : Device marking for UFBGA 169, Section : Device
marking for UFBGA176+25 and Section : Device marking for
TFBGA176.

Updated Z pin count in Table 121: Ordering information scheme.
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