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Table 15. Current characteristics

Symbol Ratings Max. Unit
>lypp Total current into sum of all Vpp , power lines (source)(V) 270
> lyss Total current out of sum of all Vgg , ground lines (sink)() - 270
oD Maximum current into each Vpp , power line (source)() 100
lyss Maximum current out of each Vgs , ground line (sink)(") -100
Output current sunk by any 1/0 and control pin 25
o Output current sourced by any I/Os and control pin -25
Total output current sunk by sum of all I/O and control pins @ 120 mA
*ho Total output current sourced by sum of all I/Os and control pins(z) -120
Injected current on FT pins )
- 5/+0
Ingeiny @ | Injected current on NRST and BOOTO pins )
Injected current on TTa pins(5) 15
ZI|NJ(p|N)(5) Total injected current (sum of all /O and control pins)®) 25

1. All main power (Vpp, Vppa) and ground (Vgg, Vssa) pins must always be connected to the external power supply, in the
permitted range.

2. This current consumption must be correctly distributed over all I/Os and control pins. The total output current must not be
sunk/sourced between two consecutive power supply pins referring to high pin count LQFP packages.

Negative injection disturbs the analog performance of the device. See note in Section 6.3.21: 12-bit ADC characteristics.

Positive injection is not possible on these I/Os and does not occur for input voltages lower than the specified maximum
value.

5. A positive injection is induced by V\>Vppa While a negative injection is induced by V|\<Vss. linypiny Must never be
exceeded. Refer to Table 14 for the values of the maximum allowed input voltage.

6. When several inputs are submitted to a current injection, the maximum ZI,NJ(plN) is the absolute sum of the positive and
negative injected currents (instantaneous values).

Table 16. Thermal characteristics

Symbol Ratings Value Unit
Tste Storage temperature range - 65to +150 °C
T, Maximum junction temperature 125 °C

3
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Table 25. Typical and maximum current consumption in Run mode, code with data processing
running from Flash memory (ART accelerator disabled)

Max("
Symbol Parameter Conditions | fycLk (MHz) Typ TA= Unit
25 oc | TA=85°C | TA=105°C

180 103 12 140 151

168 98 107 126 144

150 87 95 12 128

144 85 92 108 124

120 66 71 85 99

90 54 58 69 80

Agnzij'epdhg{g'f 60 37 39 47 55

30 20 24 39 51

25 17 21 35 48

16 12 16 30 42

8 7 11 24 37

4 5 8 22 35

Supply 2 3 7 21 34

Ibp current in mA

RUN mode 180 57 62 87 106
168 50 54 76 93

150 46 50 70 86

144 45 49 68 84

120 36 41 56 69

20 29 34 46 57

A'LZZ%E’;?E?'S 60 21 24 33 41

30 13 17 31 44

25 11 15 28 41

16 8 12 25 38

8 5 9 23 35

4 4 7 21 34

2 3 6.5 20 33

1. Guaranteed by characterization unless otherwise specified.

2. When analog peripheral blocks such as ADCs, DACs, HSE, LSE, HSI, or LS| are ON, an additional power consumption
should be considered.

3. When the ADC is ON (ADON bit set in the ADC_CR2 register), add an additional power consumption of 1.6 mA per ADC for
the analog part.

3
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On-chip peripheral current consumption

The MCU is placed under the following conditions:

At startup, all I/0 pins are in analog input configuration.
All peripherals are disabled unless otherwise mentioned.

I/O compensation cell enabled.
The ART accelerator is ON.

Scale 1 mode selected, internal digital voltage V12 = 1.32 V.

HCLK is the system clock. fpc k1 = fHeLk/4, and fpei k2 = fHeLk/2.
The given value is calculated by measuring the difference of current consumption
— with all peripherals clocked off

— with only one peripheral clocked on

—  fhycLk = 180 MHz (Scale1 + over-drive ON), fyc k = 144 MHz (Scale 2),

fHCLK =120 MHz (Scale 3)“

Ambient operating temperature is 25 °C and Vpp=3.3 V.

Table 35. Peripheral current consumption

Ioo( Typ)!
Peripheral Unit
Scale 1 Scale 2 Scale 3

GPIOA 2.50 2.36 2.08

GPIOB 2.56 2.36 2.08

GPIOC 244 2.29 2.00

GPIOD 2.50 2.36 2.08

GPIOE 2.44 2.29 2.00

GPIOF 2.44 2.29 2.00

GPIOG 2.39 2.22 2.00

GPIOH 2.33 215 1.92

GPIOI 2.39 2.22 2.00

AHB1 GPIOJ 2.33 2.15 1.92

18((‘;7\;32) GPIOK 2.33 2.15 1.92 HAMHZ

OTG_HS+ULPI 27.00 24 .86 21.92

CRC 0.44 0.42 0.33

BKPSRAM 0.78 0.69 0.58

DMA1 25.33 23.26 20.50

DMA2 24.72 22.71 20.00

DMA2D 28.50 26.32 23.33

ETH_MAC

EMMCT | i | e | s

ETH_MAC_PTP
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6.3.8 Wakeup time from low-power modes

The wakeup times given in Table 36 are measured starting from the wakeup event trigger up
to the first instruction executed by the CPU:

e  For Stop or Sleep modes: the wakeup event is WFE.
e  WKUP (PAO) pin is used to wakeup from Standby, Stop and Sleep modes.

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

Table 36. Low-power mode wakeup timings

Symbol Parameter Conditions Typ'" Max(V Unit
CPU
twusLeep'? | Wakeup from Sleep - 6 - clock
cycle
Main regulator is ON 13.6 -
Main regulator is ON and Flash
. 93 1M
memory in Deep power down mode
Wakeup from Stop mode
twusTop® | with MR/LP regulator in
normal mode Low power regulator is ON 22 32
Low power regulator is ON and Flash
. 103 126
memory in Deep power down mode us
Main regulator in under-drive mode
(Flash memory in Deep power-down 105 128
Wakeup from Stop mode | M°d€)
twustop®® | with MR/LP regulator in | Low power regulator in under-drive
Under-drive mode mode
. 125 155
(Flash memory in Deep power-down
mode )
tWUSTDBY | Wakeup from Standb
OO | made y 318 412

1. Guaranteed by characterization results.
2. The wakeup times are measured from the wakeup event to the point in which the application code reads the first

3. twusTtpsy maximum value is given at —40 °C.

3
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Figure 28. Low-speed external clock source AC timing diagram
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High-speed external clock generated from a crystal/ceramic resonator

The high-speed external (HSE) clock can be supplied with a 4 to 26 MHz crystal/ceramic
resonator oscillator. All the information given in this paragraph are based on
characterization results obtained with typical external components specified in Table 39. In
the application, the resonator and the load capacitors have to be placed as close as
possible to the oscillator pins in order to minimize output distortion and startup stabilization
time. Refer to the crystal resonator manufacturer for more details on the resonator
characteristics (frequency, package, accuracy).

Table 39. HSE 4-26 MHz oscillator characteristics (!

Symbol Parameter Conditions Min | Typ | Max | Unit
fosc IN Oscillator frequency 4 - 26 | MHz
Rg Feedback resistor - 200 - kQ
VDD=3.3 V,
ESR= 30 Q, - 450 -
C_ =5 pF@25 MHz
Ibp HSE current consumption MA
VDD=3'3 V,
ESR=30 Q, - 530 -
C, =10 pF@25 MHz
ACCpse® | HSE accuracy - 500 - 500 | ppm
Gp,_crit_max | Maximum critical crystal g, Startup - - 1 mA/V
tSU(HSE(3) Startup time Vpp is stabilized - 2 - ms

Guaranteed by design.

2. This parameter depends on the crystal used in the application. The minimum and maximum values must

be respected to comply with USB standard specifications.

3. tsusk) is the startup time measured from the moment it is enabled (by software) to a stabilized 8 MHz

oscillation is reached. This value is based on characterization and not tested in production. It is measured
for a standard crystal resonator and it can vary significantly with the crystal manufacturer.
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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((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.

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:
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Table 62. SPI dynamic characteristics() (continued)

Symbol Parameter Conditions Min Typ Max Unit
Master mode, SPI presc = 2,
tw(SCKH) 2.7 V<Vpps3.6 V. P Teeik=0.5] Tecik | Teerk*0.5
SCK high and low time " Yo SPI 5
aster mode, presc = 2, _
tw(sckL) 1.7 VSVpps3.6 V Tecik =2 | Trek | Tperk*2
tsunss) NSS setup time Slave mode, SPI presc = 2 4TpcLk
th(nss) NSS hold time Slave mode, SPI presc = 2 2Tpcik
t Master mode 3 - -
suMb Data input setup time
tsu(s) Slave mode 0 - - ns
thoviny Master mode 0.5 - -
Data input hold time
th(sl) Slave mode 2 - -
taso) Data output access time | Slave mode, SPI presc = 2 0 - 4Tpcik
Slave mode, SPI11/4/5/6, 0 ) 85
. . 2.7 V£Vpp<3.6 V )
tais(so) Data output disable time
Slave mode, SPI1/2/3/4/5/6 and 0 ) 165
1.7 V=Vpp<3.6 V '
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(s0) Data output valid/hold | SP12/3, 2.7 V<Vpp<3.6 V
thso) time Slave mode (after enable edge), i 155 19
SPI1/4/5/6, 1.7 V=Vpp<3.6 V '
Slave mode (after enable edge), ) ns
SPI2/3, 1.7 VEVpp<3.6 V 155 7.5
Master mode (after enable edge), ) ) 25
SPI1/4/5/6, 2.7 V<Vpp<3.6 V ’
tymo) Data output valid time
Master mode (after enable edge), ) ) 45
SPI1/2/3/4/5/6, 1.7 V<Vpp<3.6 V ’
thmo) Data output hold time | Master mode (after enable edge) 0 - -

Guaranteed by characterization results.

2. Maximum frequency in Slave transmitter mode is determined by the sum of t,5o) and tg, ;) which has to fit into SCK low or
high phase preceding the SCK sampling edge. This value can be achieved when the SPﬁ communicates with a master
having ts,gvi) = 0 while Duty(SCK) = 50%

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.

Figure 46. ULPI timing diagram

Clock \ /_\_/ \ / \ /
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Control In sC / i
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Table 86. 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. Guaranteed by characterization results.
Table 87. 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 5Thelk = 15| 5THoik 2 ns
tsunwair NE) | FMC_NWAIT valid before FMC_NEx high | 5Ty k+1.5 -
tNE_NWAIT) il:xl;l)iaNEx hold time after FMC_NWAIT AThoLcH )
1. C_=30pF.

2. Guaranteed by characterization results.
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Figure 58. Asynchronous multiplexed PSRAM/NOR write waveforms
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Table 92. Asynchronous multiplexed PSRAM/NOR write timings(1)(2)

Symbol Parameter Min Max Unit
tw(NE) FMC_NE low time 4THelk 4Thok*0.5 | ns
ty(NWE_NE) FMC_NEx low to FMC_NWE low Thelk = 1 Tholk*0.5 | ns
twnwe) FMC_NWE low time 2THeLk 2Thok*0.5 | 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) | FMC_NEx low to FMC_NADV low 0.5 1 ns
tw(NADV) FMC_NADV low time Tholk = 0.5 | Thelk* 0.5 | ns
th(AD_NADV) FMC_AD(adress) valid hold time after FMC_NADV high) THolK — 2 - ns
th(A_NWE) Address hold time after FMC_NWE high Thelk - ns
th(BL_NWE) FMC_BL hold time after FMC_NWE high Thelk — 2 - ns
ty(BL_NE) FMC_NEx low to FMC_BL valid - 2 ns
ty(pata_NaDv) | FMC_NADV high to Data valid - Thok +1.5 | ns
thpata Nwe) | Data hold time after FMC_NWE high THck 0.5 - ns

1. C_=30pF.

2. Guaranteed by characterization results.
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Table 94. 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. Guaranteed by characterization results.

Figure 60. Synchronous multiplexed PSRAM write timings
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Electrical characteristics

3

Table 101. 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 104. SDRAM write timings(1)(2)

Symbol Parameter Min Max Unit
tw(spcLk) FMC_SDCLK period 2Tholk - 0.5 2ThoLkt0.5
tySDCLKL Data) Data output valid time - 35
th(SDCLKL Data) Data output hold time 0 j
ty(SDCLKL_Add) Address valid time - 15
t4(SDCLKL_SDNWE) SDNWE valid time - 1
th(SDCLKL_SDNWE) SDNWE hold time 0 R
ty(sDCLKL_ SDNE) Chip select valid time - 0.5 i,
th(SDCLKL-_SDNE) Chip select hold time 0 -
t4(SDCLKL_SDNRAS) SDNRAS valid time - 2
th(SDCLKL_SDNRAS) SDNRAS hold time 0 _
tysbcLKL_spNcas) SDNCAS valid time - 05
ty(SDCLKL_SDNCAS) SDNCAS hold time 0 .
ty(sDCLKL NBL) NBL valid time - 05
th(spcLKL_NBL) NBLoutput time 0 -

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

2. Guaranteed by characterization results.

Table 105. LPSDR SDRAM write timings(1?

Symbol Parameter Min Max Unit
tw(sbcLk) FMC_SDCLK period 2Tholk = 0.5 | 2Theik*0.5
td(SDCLKL _Data) Data output valid time - 5
th(SDCLKL Data) Data output hold time 2 -
ty(sDCLKL_Add) Address valid time - 238
t4(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 1.5 -
t4(SDCLKL-SDNCAS) SDNCAS valid time - 15
t4(sDCLKL-SDNCAS) SDNCAS hold time 1.5 -
t4(SDCLKL_NBL) NBL valid time - 15
th(SDCLKL-NBL) NBL output time 15 .
CL = 10 pF.

2. Guaranteed by characterization results.

3
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6.3.29

196/238

SD/SDIO MMC card host interface (SDIO) characteristics

Unless otherwise specified, the parameters given in Table 108 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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Figure 79. SD default mode
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Table 112. WLCSP143 recommended PCB design rules (0.4 mm pitch)

Dimension Recommended values
Pitch 0.4
260 ym max. (circular)
Dpad
220 ym recommended
Dsm 300 pym min. (for 260 ym diameter pad)
PCB pad design Non-solder mask defined via underbump allowed.

Device marking for WLCSP143

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

Other optional marking or inset/upset marks, which depends assembly location, are not
indicated below.

Figure 85. WLCSP143 marking example (package top view)

Q— ball A1

Product
identification(1)

(ST32FuUu29ZIVYhbL

Date code = Year+Week

Yiww |E|"— Revision code

MSv32786V4

1. Parts marked as “ES”, “E” or accompanied by an Engineering Sample notification letter, are not yet
qualified and therefore not yet ready to be used in production and any consequences deriving from such
usage will not be at ST charge. In no event, ST will be liable for any customer usage of these engineering
samples in production. ST Quality has to be contacted prior to any decision to use these Engineering
Samples to run qualification activity.
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Figure 87. LQPF144- 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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7.8

TFBGA216 package information

Figure 101. TFBGA216 - 216 ball 13 x 13 mm 0.8 mm pitch thin fine pitch
ball grid array package outline
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Drawing is not to scale.

Table 120. 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 -

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 - - 0.100 - - 0.0039
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Figure 105. 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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