‘ ’l life.augmented

IPS4260L

Datasheet

HTSSOP20

Product status link

IPS4260L

Product label

SUSTAINABLE

TECHNOLOGY

DS12305 - Rev 5 - July 2021

Quad low-side intelligent power switch

Features

8V to 50V operating voltage range

*  Fourindependent protected channels

* V¢ undervoltage lock-out

»  High speed operation (i, tf < 1 ps)

*  Programmable load current limitation level by external resistor

*  Typical operating load current: 0.5 A (per channel) / 2 A (one channel)
+  Thermally independent junction overtemperature protections

*  Programmable non-dissipative short-circuit protection (cut-off) by external
resistor

*  Open load (off-state) and short-to-ground activated by external pull-down
resistors

*  Fast demagnetization of inductive loads with integrated catch diodes clamping
turn-off transients

*  Ground and V¢ wire break protection

* V¢ overvoltage protection

*+  Common open load diagnostic

*  Common thermal shutdown and overload diagnostic
*  Per channel thermal shutdown diagnostic

*  Designed to meet IEC 61131-2

*  Miniaturized HTSSOP20 package

Application

*  Programmabile logic control
* Industrial PC peripheral input/output
*  Numerical control machines
*  General low-side switch applications

Description

The IPS4260L is a monolithic high speed (Fsy up to 250 kHz) device, which
can drive four independent capacitive, resistive or inductive loads with one side
connected to supply voltage. The channels can be parallelized to reduce power
dissipation.

When connected to Vcc rail, four integrated catch diodes clamp the turn-off transients
generated by inductive loads even with huge inductance; combined with proper
external TVS connected to VCC or to GND the IC allows fast decay, too. Each
channel is protected against overload or short circuit event: the intervention level can
be set by an external resistor on I pin .

Built-in thermal shutdown protects the chip against overtemperature even in case of
short-circuit. If enabled, the integrated cut-off protection features a non-dissipative
protection in case of overload; it limits both the output average current value and,
consequently, the device overheating. Cut-off delay/restart can be programmed by
external resistors on CoD pin; it can be disabled by shorting CoD to GND.
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Two common diagnostic open drains pins (OL, for open load and FLT for cut-off and
thermal shutdown) together with the four open drain on each INx pin (cut-off and
thermal shutdown) feature an extensive diagnostic of the chip.
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Block diagram

1 Block diagram

Figure 1. Block diagram
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Pin description

2 Pin description

Figure 2. Pin connection (top view)

PGND e PGND
PGND 8 PGND
vz T i vz

IN1 i LOAD!1
IN2 LOAD2
N3 IEM | § LOAD3
IN4 LOAD4
sGhD IEM| vCe
olEm| T 12, Iy
FLT CoD

Table 1. Pin configuration

e L ame [Funten T

1,2,19, 20 PGND | Integrated power switch ground Supply

Load clamp voltage pins. Pins 3 and 18 must be shorted on the application board
3,18 VZ  and then connected directly to the supply rail, or by an external Zener or TVS Output
diode to the supply rail or to PGND (see Section 2.3 VZ)

4 IN1T | Channel 1 input / cut-off and thermal shutdown diagnostic Input/output
open drain
5 IN2 | Channel 2 input / cut-off and thermal shutdown diagnostic Input/output
open drain
6 IN3 | Channel 3 input / cut-off and thermal shutdown diagnostic Input/output
open drain
7 IN4  Channel 4 input / cut-off and thermal shutdown diagnostic Inputioutput
open drain
8, e;ggsed SGND | Logic interface block ground Supply
9 OL | Cumulative power stage open load or short ground common diagnostic OUtzgiﬁpen
== Cut-off and thermal shutdown pin. Common diagnostic pin both for thermal Output open
10 FLT .
shutdown and cut-off drain
Programmable cut-off intervention delay during overcurrent operation. It cannot
1" CoD be left floating: connect to PCB SGND ground plane to disable the cut-off function Input

or connect a resistor between CoD and PCB ground plane to set the delay (see
Section 6.3 Current limitation and cut-off)

Limitation current adjustment. It cannot be left floating: connect a
12 ILIM | resistor between ILIM and SGND to set the current limit threshold (see Input
Section 6.3 Current limitation and cut-off)

13 VCC  Supply voltage. Connect to the supply rail Supply
14 LOAD4  Power stage, channel 4 Input
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vCC

I

LOAD3  Power stage, channel 3 Input
16 LOAD2  Power stage, channel 2 Input
17 LOAD1 | Power stage, channel 1 Input

2.1 VCC

IC supply voltage. This pin has to be connected to the supply rail of the application.

2.2 PGND, SGND

PGND stands for power ground and it is internally connected to the source of the integrated switches. SGND
stands for signal ground and it is the reference level for the logic interface. SGND and PGND pins must be
shorted on the application board. In order to reduce as much as possible the switching noises from PGND to
SGND, the application board has to be designed with two different ground planes for SGND and PGND. The two
ground planes have to be shorted by a dedicated net.

2.3 vz

These two pins (corresponding to the cathodes of the clamp diodes) must be shorted together on the application
and connected directly to supply rail or, alternatively, connected by a Zener or TVS diode to supply rail or PGND.
Connecting VZ pins directly to the supply rail implies that the inductive loads are demagnetized without fast decay
option: in fact the V| _oapx (voltage on LOADX pin) is forced to the forward voltage of the integrated clamp diodes.
The connection by a Zener or TVS allows to drive loads requiring fast current decay (fast demagnetization). For
the proper selection of the external Zener or TVS, please refer to Section 7.1 Fast current decay with TVS
between VZ and supply rail and Section 7.2 Fast current decay with TVS between VZ and PGND

Note: Leaving VZ pins floating, the integrated output voltage clamp is activated and the fast current decay capability is
limited by the heatsink capability of the IC. See Epg in Table 2. Absolute maximum ratings.

24 IN1, IN2, IN3, IN4

These pins drive the power stage on pins LOAD1, LOAD2, LOAD3 and LOAD4. Besides an internal weak
pull-down resistor (see linx in Table 7. Logic inputs), each IN1, IN2, IN3, IN4, is internally wired to an

open drain transistor, used for diagnostic purposes, and must be driven through a series resistor. The open
drain transistor is turned-on in case of thermal shutdown or cut-off protection of the relative channel (see
Section 6.2 Overtemperature and Section 6.3 Current limitation and cut-off ).

2.5 LOAD1, LOAD2, LOAD3, LOAD4

Power stage load connection pins: integrated power transistor are in low-side configuration, so the load has to be
connected between LOADX pin and supply rail. The power stage channels can be paralleled.

2.6 Open load in off-state

Epin is used for diagnostic purpose and it is internally wired to an open drain transistor. If the open load feature
is enabled (see Section 6.4 Open load in off-state) the open drain transistor is activated when LOADXx is in off
state and the open load threshold (VOLoff) is triggered (see Table 8. Protection and diagnostic ).

2.7 FLT

This pin is used for diagnostic purpose and it is internally wired to an open drain transistor. The open drain
transistor is turned on in case of junction thermal shutdown or during the cut-off protection.
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2.8 ILIM
This pin cannot be left floating and can be used to program the limitation current value through an external
resistor (R)_v) see Table 8. Protection and diagnostic. The resistor Ry has to be connected between ILIM and

SGND pins. When the IPS4260L ICs are used in the same application, their ILIM pins cannot be wired together:
each IC must be connected to its own resistor ( see Section 6.3 Current limitation and cut-off )

2.9 CoD

This pin cannot be left floating and can be used to program the cut-off delay time t.of (see Table 8. Protection and
diagnostic) through an external resistor (R¢op)- The resistor RCoD has to be connected between CoD and SGND
pins. The cut-off function can be completely disabled by shorting CoD pin to SGND: in this condition the power
stage channel remains ON in limitation condition, supplying the current to the load until the input is forced LOW or
the thermal shutdown threshold is triggered (see Section 6.3 Current limitation and cut-off )
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Absolute maximum ratings

3 Absolute maximum ratings

Table 2. Absolute maximum ratings

Supply voltage -0.3t0 55 V
Vz Internal clamp diode supply -0.3to 55 V
VLoADx Power stage (LOADx channel) voltage -0.3 to Vpemac V
VINx INx pin voltage -0.3t05.5 V
liNx INX pin current -10 to +10 mA
Veops ViLm CoD and ILIM pin voltage 5.5 \%
lcop, liLm CoD and ILIM pin current -1/+5 mA
Vop Open drain fault pins (FLT and OL) voltage -0.3t05.5 \Y
lop Open drain fault pins (FLT and OL) current -10/10 mA
1% Maximum DC reverse current (from GND to V) -250 mA
ILOADHX Power stage (LOADx channel) current Internally limited
-lLoADHx Reverse current on LOADx channel 5

Single pulse avalanche energy per channel not
Eas simultaneously @Tamvs= 125 °C, I oap = 500 mA, VZ 0.9 J

pins floating
ProT Power dissipation at T¢ = 25 °C Internally limited w
Tste Storage temperature range -55 to 150 °C
T Junction temperature -40 to 150 °C

Note: Absolute maximum ratings are those values beyond which damage to the device may occur. Functional

operation under these conditions is not implied. All voltages are referenced to GND.

Table 3. Thermal data

2s2p (4L) board
RTHua) Junction to ambient 43 °C/W
Natural convection!!
Cold plate (infinite

RTH(-c) Junction to case headsink like)®?

3 °C/W

1. JESD51-7.
2. JESD51-12.01
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Electrical characteristics

4 Electrical characteristics

(8V <Vgc <50V, -40 °C < Ty <125 °C, unless otherwise specified)

Table 4. Supply

Operating voltage range Vuvon
Vuvon | Undervoltage on threshold | Vcc increasing 7 8 \Yi
Vuvorr | Undervoltage off threshold | V¢ decreasing 6.5 7.5 Y,
VuvH Undervoltage hysteresis 0.2 0.5 \%
Vee = 24 V(all INx OFF) 1
Supply current in off-state mA
Ve =50 V(all INx OFF) 12 | 16
Is
Vce =24V all INx ON, LOADx open load [x = 1..4] 2
Supply current in on-state mA
Vce =50V all INx ON, LOADx open load [x = 1..4] 2.4 3

Table 5. Output stage

Rioap=48Q,Vec=24V@T;=25°C

Rbs(on) On-state resistance ma
RLOAD=4SQ,VCC=24V@TJ=125 °C 560

Voutorr) | Off-state power stage voltage ViN=0Vandl oap=0A Vee-2 \V;
ViN=0V,Vioap =Vcc =24V 0.5

louT(OFF) Off-state power stage current pA
V|N =0V, VLOAD =VCC= 50V 10

VFco Catch diodes forward voltage | forward = 500UA 021 050 073 V

IRRM Catch diodes reverse current Virm= 55V 1 uA

Table 6. Switching (Vcc =24 V; RLoap = 24 Q, input rise time < 0.1 ys )

Rise time
t Fall time see fig 3 : trise and ffall 500 600
tpp(H-L) | Propagation delay time INx to LOADX, low to high | and fig 4 tPD(L-H) and tPD(H-L) 500 700 "
tpp(L-H) | Propagation delay time INx to LOADX, high to low 400 | 600
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Electrical characteristics

Figure 3. tyjse and tgq
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Table 7. Logic inputs

COEC

Vi Input low level voltage VN decreasing
ViH Input high level voltage V|n increasing 2.0
ViHysT) | Input hysteresis voltage 0.4 \Y

loL =5 mA V|nx =0V, OUTx = open load, Rpp

between OUTx and GND 01

VoL Voltage drop on OL pin
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Electrical characteristics

i . i

VEauLT :)/icr)]ltage drop on FAULT pin or INx IFLT =5 MA Vink = 0V, (Tyx > Tysp or cut-off event) 0.1 \
linx Al digital input/output pin current  ViN=5V 70 | pA

Table 8. Protection and diagnostic

T T N A

Veamp | Vec clamp voltage lcc <10 mA v
Vdemag = Demagnetization voltage lout = 0.5 A; load 210 mH 55 58 60
Current limitation activation ILoap increasing from OA to
| ILim +209
Peak  threshold. short circuit. Lim +20% A
30 kQ <Ry m < 120 kQ 60/Ry mkQ] = 30%
ILim Current limitation level A
0 <Rjm <30 kQ 3+ 30%
Programmable by external
resistor on "cut-off" pin (valid
RcoplkQ]/120 + 159
in the range from 60 kQ to 240 conlkal] %
teoff Cut-off current delay time kQ). ms
_ : The IC is protected against overheating by the
Rcop= 0 Q cut-off disabled
cop= 0 Q2 cut-off disable thermal shutdown only.
fros Er?]\g/er stage restart delay 3ot 15% ms
tBKT Open load blanking time 12.0 16.5 21 us
| Vce wire break power stage | Vinx = Vec =0 V; Vi oapx = 24 50 A
Vb current V, V, floating H
Junction temperature o
Tuso shutdown 160 ¢
Junction temperature o
Tonvst thermal hysteresis 20 ¢
Open load (off-state) or
VolLoff | short-to-ground detection Vce-4.5 Vce-3.5 Vce-2.5 \%

threshold
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Power stage logic

5 Power stage logic

Table 9. Power stage (LOADXx pin) truth table

H
Normal
Cut-off
UVLO

Open load/short-to-GND

Overtemperature

I —mr r —r I | I r I r
r—r I - I - - I~
I r m r— I I I I r—

r —r I I X X r r I T
I T T r— X X | I I T =T

Figure 5. Application circuit (fast decay enabled by TVS between Vz and supply rail)
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Power stage logic

Figure 6. Application circuit (fast decay enabled by TVS between VZ and PGND).
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Protection and diagnostic

6 Protection and diagnostic

The IC integrates several protections to ease the design of a robust application.

6.1 Undervoltage lock-out

The device turns off if the supply voltage falls below the turn-off threshold (Vyyofr)). Normal operation restarts
after Vcc exceeds the turn-on threshold (Vyyon)). Turn-on and turn-off thresholds are defined in Table 4. Supply.

6.2 Overtemperature
The power stage of each channel is turned off as its internal junction temperature (T;) exceeds the
shutdown threshold (T sp). Normal operation restarts when T comes back below the reset threshold (see

Table 8. Protection and diagnostic). The internal fault signal is set when the channel is OFF due to thermal
protection. The thermal fault is reported both on the FLT pin and on the INx pin of the corresponding LOADX in
fault. Note that the FLT pin reports the logic OR of the four output channels faults.

Figure 8. Thermal protection signalization behavior on FLT

MCUx | ! !

VIiNx

TJ i
Tuso

Torvs-—{-i

FLT

6.3 Current limitation and cut-off
The load current flows through the integrated power stage and it is internally limited by the specific I j\y threshold
that can be set by an external resistor (R ) placed between I j\y and SGND ground plane. The design rule for
the R v resistor is:
Equation 1:
(1
ILim = 60/RiLim[kQ]

The above design rule is valid in the range 30 kQ < Rj jy = 120 kQ. For 0 < R < 30 kQ, the current is internally
limited up to 3 A (typical). For Ry > 120 kQ the current is anyway limited but the linearity is not guaranteed.

DS12305 - Rev 5 page 13/29



m IPS4260L

Open load in off-state

The IPS4260L implements the cut-off feature which limits the duration of the current limitation condition. The
duration of the current limitation condition (T.f) can be set by a resistor (Rgop) placed between CoD and SGND
ground plane. The design rule for RCoD is:
Equation 2:

(2)
Teoff = Rcop[kQ]/120

The above design rule is valid in the range 60 kQ < Rgop < 240 kQ. As 0 < Rgop < 60 kQ, Toff anyway decreases
but the linearity of the above design rule is not guaranteed. As R¢op = 0 Q (short-to-ground plane) the cut-off
feature is disabled, by means the IC is protected by thermal shutdown only. Concerning Rggop > 240 kQ, Teof
increases but linearity of equation 2 is not guaranteed.

In case I threshold is triggered, the power stage remains in the current limitation condition (I_oapx = ILim) at
least for toosr. When toof elapses, the power stage is turned off and restarted after the t,.5 restart time. The fault
condition is reported both on ﬁpin and on the input pin (INx) corresponding to the channel in fault. The internal
cut-off flag signal is latched at power stage switch-off and released after the time t..s. The same behavior is
reported on ﬁpin and on the INx pins related to the LOADx in fault. If one of the four channels is in overload
protection, the other channels (in operating conditions) work properly. The status of FLT is independent of the INx
pin status, and is low during the whole cut-off time (t;es). The same behavior has to be respected on fault signals
on input pins.

If CoD pin is shorted to SGND ground plane (cut-off feature disabled) then the output channel remains ON, in
current limitation condition, until the related input becomes LOW or the thermal protection threshold is triggered.

Figure 9. Cut-off signalization behavior on FLT

MCUy
(2
VINX *(1)(_ — I
(1 )_ TCUT—OFF
(2) = TRES
ILOADX
lpeak 1 2
™ Inductive load
/ behavior
FLT 1 —‘ 7

6.4 Open load in off-state

The IPS4260L provides the open load detection feature, which detects if the load is disconnected (wire break)
from the LOADx pin when in OFF-state (INx = LOW). This feature can be activated by placing a proper resistor
(Rpp) between LOADx and PGND ground plane.
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GND wire break protection

Figure 10. Open load off-state
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The voltage on LOADx pin (V_oapx) is internally compared with the Vo ofr threshold: if the related INx pin is
LOW and the V| papx goes lower than Vg orr then the open load condition is triggered. The fault condition is
reported on the O_Lpin and the fault reset occurs when load is reconnected. If the channel is switched ON by the
related INx pin, the fault condition is no longer detected.

In OFF state, the IPS4260L achieves the open load detection feature by forcing the internally generated current
Ipu (= 20 pA) on the external pull-down resistor Rpp. The following design rule has to be followed in order to set
the proper value of Rpp:

Equation 3:
VoLOFF(min) _ Ve — 4.5
R = . 3
PD < Tpy Ipy @)
Note: When the load is connected the open load detection threshold must not be triggered:
Equation 4:
R
Vioapx =Vce *——PP > VoLoFF (max 4)
(Rpp + RL0AD) (max)
Therefore:
Equation 5:
VoLOFF
Rpp > Rpoap* (max) (6)
(Vcc - VOLOFF(max))
Note: if two or more channels are parallelized then Rpp must be calculated according to the n*lpu (e.g. in case of 4

channels in parallel the total Ipu becomes 80uA).

6.5 GND wire break protection

GND wire break is intended as the disconnection event of the application board ground (where both SGND and
PGND signals are connected) from the system ground of the external supply rail (see fig 11 GND wire break,
where the shape between VZ and supply rail represents one of the application configurations: open circuit, short
circuit or an external TVS).

When this event happens, the supply voltage at Vcc pin decreases until Vuvoff is triggered and then all power
stages are turned off independently of the input status.

In case of inductive load, if the ground disconnection event happens while one or more channels are active:
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VCC wire break protection

- in case of Vz pins floating, the residual current in the inductor flows through the integrated power switch, which
is activated by active clamp as if the input had been deactivated.

- in case of Vz pins connected to supply rail (by short circuit or by TVS), the residual current in the inductor flows
through the catch diodes. Similarly, the catch diodes allows the proper ground disconnection protection even in
case of Vz pins connected by a TVS to ground layer.

Figure 11. GND wire break
APPLICATION BOARD

APPLICATION SUPPLY RAIL

|
y‘L Vee
L
IC VZ LOAD vee
LOADy ——
4 r

_|

‘T PGND
GROUND PLANE .I x

6.6 VCC wire break protection

VCC wire break is intended as the disconnection of the application board form rail supply (see Figure 13. VCC
wire break , where the shape between VZ and supply rail represents one of the application configurations: open
circuit, short circuit or an external TVS). When this condition is detected, all power stage channels are turned
off independently of the input status. The maximum steady-state current measured through a channel in short to
the supply voltage is not greater than lyp (see Table 7. Logic inputs). The same behavior is guaranteed when all
channels are simultaneously in short to the supply voltage. In case of inductive load, if the V. is disconnected

while one or more channels are active, the current flows through the power, which is activated by the active clamp
as if the input had been deactivated.

Figure 12. VCC wire break
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IPS4260L

VCC wire break protection

VCC wire break protection is guaranteed when VZ floats or when VZ is connected to GND by a proper TVS, while
it is limited (see below) when VZ is shorted to V¢c.

If VZ is connected to V¢ by a TVS (with clamping voltage = VL), then V¢ wire break protection is limited by the
foIIowing design rule: VC|_ > V|_+ - (VLOAD+VD+VUVLO)-
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Active clamp

7 Active clamp

Active clamp is also known as fast demagnetization of inductive loads or fast current decay. When a low-side
driver turns off an inductance, an overvoltage on load is detected. If VZ pins are directly shorted to the supply rail
(see fig 7 Application circuit ( fast decay disabled by Vz shorted to supply rail ) . ) then the fast current decay is
disabled: the inductive load is demagnetized slowly and according to the forward voltage of the integrated clamp
diodes (Vecp). The figure below shows the typical waveforms of the load voltage and current in case of slow
demagnetization.

Figure 13. VL oap and I oap in case of slow demagnetization

I LOADx
Vee
Rpson + Rioap
i tim
Vioapx : e
Vcc"'\\//z(z:n ______________________________________________ i
Toemac :
time
Vl NX
ON OFF ON
time

If VZ pins are left floating (see fig 14 Active clamp equivalent principle schematic. ) or connected by a Zener or
TVS diode to supply rail (see fig 5 Application circuit (fast decay enabled by TVS between Vz and supply rail) ) or
PGND (see fig 6 Application circuit (fast decay enabled by TVS between VZ and PGND). then the fast decay is
activated. When VZ pins are left floating the integrated clamping circuit protects the IC despite overvoltages: the
conduction state of the integrated switches is modulated in order to keep the LOADXx pin voltage < Vgemag until the
energy in the load has been dissipated. The demagnetization energy is dissipated in the IC and it is limited by the
internal heatsink capability, see Eag in Table 2. Absolute maximum ratings .

Figure 14. Active clamp equivalent principle schematic.
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Fast current decay with TVS between VZ and supply rail

71 Fast current decay with TVS between VZ and supply rail
Being V¢ z the clamping voltage of the external TVS, when the inductive load is turned off the LOADX pin is
pulled up to Vgct+VeLz. In order to avoid any damage to the IPS4260L, the external diode must be selected
such that V¢ z < (Vpemaginy — Vee). Furthermore, the external diode must be selected such that it is able to
dissipate the power due to the demagnetization currents flowing from the active channels.

Figure 15. VL oap and I gap in case of fast demagnetization (fast decay)

I LOADx
Vee

Rpson + RLoap

time

VLOADX
VeetVael]

VCC

time

ON OFF ON

time

7.2 Fast current decay with TVS between VZ and PGND

Being V¢ z the clamping voltage of the external TVS, when the inductive load is turned off the LOADX pin is
clamped by the lower voltage between V¢ z and Vpemag(miny. In order to avoid any leakage currrent on the
external TVS has to be selected such that its VgRr results > V¢, while in order to avoid any damage to the
IPS4260L the V¢ z of the external TVS must be selected such that Ve z < Vpemagmin)- Further, the external
diode must be selected such that it is able to dissipate the power due to the demagnetization currents flowing
from the active channels.
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8.1 HTSSOP20 package information
Figure 16. HTSSOP20 package outline
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Table 10. HTSSOP20 mechanical data

“mm““
A 1.2

0.047

A1 0.15 0.004 0.006
A2 0.8 1 1.05 0.031 0.039 0.041
b 0.19 0.30 0.007 0.012
[ 0.09 0.20 0.004 0.0089
D 6.4 6.5 6.6 0.252 0.256 0.260
D1 4.1 4.2 4.3 0.161 0.165 0.169
E 6.2 6.4 6.6 0.244 0.252 0.260
E1 4.3 4.4 4.5 0.169 0.173 0.177
E2 2.9 3.0 31 0.114 0.118 0.122
e 0.65 0.0256
K 0° 8° 0° 8°

0.45 0.60 0.75 0.018 0.024 0.030
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9 Packaging information

9.1 HTSSOP20 packaging information

Figure 17. Carrier Tape for HTSSOP20 20L
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HTSSOP20 packaging information
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Figure 18. HTSSOP20 Shipping Tube
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Ordering information

10 Ordering information

Table 11. Ordering information

T N R

IPS4260L Tube
HTSSOP20
IPS4260LTR Tape and reel
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IMPORTANT NOTICE - PLEASE READ CAREFULLY

STMicroelectronics NV and its subsidiaries (“ST”) reserve the right to make changes, corrections, enhancements, modifications, and improvements to ST
products and/or to this document at any time without notice. Purchasers should obtain the latest relevant information on ST products before placing orders. ST
products are sold pursuant to ST’s terms and conditions of sale in place at the time of order acknowledgement.

Purchasers are solely responsible for the choice, selection, and use of ST products and ST assumes no liability for application assistance or the design of
Purchasers’ products.

No license, express or implied, to any intellectual property right is granted by ST herein.
Resale of ST products with provisions different from the information set forth herein shall void any warranty granted by ST for such product.

ST and the ST logo are trademarks of ST. For additional information about ST trademarks, please refer to www.st.com/trademarks. All other product or service
names are the property of their respective owners.

Information in this document supersedes and replaces information previously supplied in any prior versions of this document.

© 2021 STMicroelectronics — All rights reserved
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