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Features
600 V system-in-package integrating half-bridge gate driver and high-voltage
power GaN transistors in asymmetrical configuration:
— QFN9x9x 1 mm package
- RDS(ON) =150 mQ (LS) + 225 mQ (HS)
- IDS(MAX) =10 A (LS) + 6.5 A (HS)
*  Reverse current capability
»  Zero reverse recovery loss
*  UVLO protection on low-side and high-side
* Internal bootstrap diode
* Interlocking function
*  Dedicated pin for shutdown functionality
*  Accurate internal timing match
« 3.3Vto 15V compatible inputs with hysteresis and pull-down
. Overtemperature protection
»  Bill of material reduction
*  Very compact and simplified layout
*  Flexible, easy and fast design.

Application

»  Switch-mode power supplies
*  Chargers and adapters
*  High-voltage PFC, and DC-DC converters

Description

The MASTERGAN?2 is an advanced power system-in-package integrating a gate
driver and two enhancement mode GaN transistors in asymmetrical half-bridge
configuration.

The integrated power GaNs have 650 V drain-source breakdown voltage and
Rps(on) of 150 mQ and 225 mQ for Low side and High side respectively, while
the high side of the embedded gate driver can be easily supplied by the integrated
bootstrap diode, while the high side of the embedded gate driver can be easily
supplied by the integrated bootstrap diode.

The MASTERGANZ2 features UVLO protection on both the lower and upper
driving sections, preventing the power switches from operating in low efficiency
or dangerous conditions, and the interlocking function avoids cross-conduction
conditions.

The input pins extended range allows easy interfacing with microcontrollers, DSP
units or Hall effect sensors.

The MASTERGANZ operates in the industrial temperature range, -40°C to 125°C.

The device is available in a compact 9x9 mm QFN package.

For further information contact your local STMicroelectronics sales office.


https://www.st.com/en/product/MASTERGAN2?ecmp=tt9470_gl_link_feb2019&rt=ds&id=DS13597
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Block diagram

1 Block diagram

Figure 1. MASTERGAN2 block diagram
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Pin description and connection diagram

2 Pin description and connection diagram

Figure 2. Pin connection (top view)
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Table 1. Pin description

I B S

SENSE ©

SENSE 3

SENSE
OouT ¥
ouT &
ouT =

21 Pin list

15, 16, 17, 18, 19 Power Supply High voltage supply (high-side GaN Drain)

12,13, 14, EP3 ouT Power Output Half-bridge output

4,5,6,7,8,9,10, 11, EP2 SENSE | Power Supply Half-bridge sense (low-side GaN Source)

22 BOOT  Power Supply Gate driver high-side supply voltage

2 OUTo  Power Suply  Sale e i e v volage, e ol forBaisap
27 VCC Power Supply Logic supply voltage

1 PVCC  Power Supply Gate driver low-side supply voltage

28, EP1 GND Power Supply Gate driver ground

3 PGND  Power Supply g;ﬁsdéiver low-side buffer ground. Internally connected to
26 HIN Logic Input High-Side driver logic input

24 LIN Logic Input Low-Side driver logic input

25 SD/OD | Logic Input-Output | Driver Shutdown input and Fault Open-Drain

2 GL Output Low-Side GaN gate

20 GH Output High-Side GaN gate

23, 29, 30, 31 N.C. Not Connected Leave floating
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Electrical Data

3 Electrical Data

3.1 Absolute maximum ratings

Table 2. Absolute maximum ratings

each voltage referred to GND unless otherwise specified

Vbs GaN Drain-to-Source Voltage Ty=25°C 620 \Y
VCC Logic supply voltage -0.3to 11 \Y
PVCC-PGND | Low-side driver supply voltage () -0.3t07 \%
VCC-PGND | Logic supply vs. Low-side driver ground -0.3t0183 V
PVCC Low-side driver supply vs. logic ground -0.3t0183 V
PGND Low-side driver ground vs. logic ground -73t0o11.3  V
VBo BOOT to OUTb voltage @ -03t07 V
BOOT Bootstrap voltage -0.3t0 620 V
CGL, CGH g/lee;aigweunmez(t;zalotjaﬁscitance between GL and PGND and Few = 500 MHz © 39 nE
RGL, RGH I\Pﬂgri\lrrllju;gxée:_rln:rl]gtglbd_?gvn resistance between GL and 6.8 kO
DC @ Tcg =25°C 4 9.7 A
Ip Drain current (Low side GaN transistor) DC @ Tcg = 100°C*) ) 6.4 A
Peak @ Tgg = 25°C*) (5 ) 17 A
DC @ Tcg =25°C 4 6.5 A
Ip Drain current (High side GaN transistor) DC @ Tcg = 100°C“) ) 4.4 A
Peak @ Tgg = 25°C*) (9 ) 12 A

SRout Half-bridge outputs slew rate (10% - 90%) 100 Vins
Vi Logic inputs voltage range -0.3 to 21 \
Ty Junction temperature -40to 150 @ °C
Ts Storage temperature -40to 150 @ °C

PGND internally connected to SENSE

OUTb internally connected to OUT

CGx < 0.08/(Pvcc™2*Fsw)-(330*10712)

Tca is temperature of case exposed pad.

Range estimated by characterization, not tested in production.

Value specified by design factor, pulse duration limited to 50 us and junction temperature.

S 0 h WD~
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Recommended operating conditions

3.2 Recommended operating conditions

Table 3. Recommended operating conditions (Each voltage referred to GND unless otherwise specified)

S S T3

VS High voltage bus
VCC Supply voltage 475 95  V
475 65  V
PVCC-PGND | PVCC to PGND low side supply voltage (")
Best performance 5 6.5 \
PVCC Low-side driver supply voltage 3 8.5 \%
VCC-PVCC | VCC to PVCC pin voltage -3 3 \%
PGND Low-side driver ground'" -2 2 Y,
DT Suggested minimum deadtime 5 ns
TIN_MIN Minimum duration of input pulse to obtain undistorted output pulse 120 ns
44 65  V
VBo BOOT to OUTb pin voltage @)
Best performance 5 6.5
BOOT BOOT to GND voltage 0©) 530
i Logic inputs voltage range 0 20
Ty Junction temperature 40 125  °C

1. PGND internally connected to SENSE
2. OUTb internally connected to OUT
3. 5 Vis recommended during high-hide turn-on

3.3 Thermal data

Table 4. Thermal data

Rtny-ce)_Ls | Thermal resistance Low side junction to SENSE exposed pad, typical °C/wW
Rthw-cB)_Hs | Thermal resistance High side junction to OUT exposed pad, typical 2.8 °C/W
Rih(J-a) Thermal resistance junction-to-ambient (") 17.8 °C/W

1. The junction to ambient thermal resistance is obtained simulating the device mounted on a 2s2p (4 layer) FR4 board as
JESD51-5,7 with 6 thermal vias for each exposed pad. Power dissipation uniformly distributed over the two GaN transistors.
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Electrical characteristics

Electrical characteristics

41

Driver

specified)

Table 5. Driver electrical characteristics
VCC = PVCC =6 V; SENSE = GND; T; = 25°C, unless otherwise specified (each voltage referred to GND unless otherwise

symoe | pramser | asicondion ] Ty x| un

VCCihon

VCCihorr
VCChys

laveeu
VCC vs. GND

lavee

Isvee

VCC UV turn ON threshold (")
VCC UV turn OFF threshold(")

VCC UV hysteresis!")

Logic section supply

42 45 475 V
39 42 45 V
02 03 045 V

VCC undervoltage quiescent supply current VCC =PVCC =3.8V 320 410 pA

VCC quiescent supply current

VCC switching supply current

SD/OD =LIN=5V;

HIN=0V; 680 900 pA
BOOT=7V

SD/OD =5V,

Vgp =6.5V; 0.8 mA

VS =0 V; Fgw = 500 kHz

Low-side driver section supply

lapvee

PVCC vs. PGND
Ispvce
ReLeep =~ GL vs. PGND
RON,

ROFF_

PVCC quiescent supply current

PVCC switching supply current

Low side gate bleeder
Low side turn on resistance (%)

Low side turn off resistance'®)

SD/OD=LIN=5V 150 HA
VS=0V 14 A
Fsw = 500 kHz

PVCC = PGND 75 100 125 kQ
I(GL) = 1 mA (source) 52

I(GL) = 1 mA (sink) 2

Q
High-side floating section supply

VBothoN
VBothoFF

VBOhys
BOOT vs. OUTb

lasou

laBo

lsBo BOOT
Ik  BOOT vs. SGND
VCC vs. BOOT

RpBoot

RONy
ROFFy

Vo UV turn ON threshold )
Vo UV turn OFF threshold®
Vgo UV hysteresis®)

Vo undervoltage quiescent supply
current®)

Vpo quiescent supply current®)

BOOT switching supply current

High voltage leakage current

Bootstrap diode on resistance ()

High side turn on resistance'?

High side turn off resistance®)

36 40 44 V
34 37 40 V

01 03 05 V

Vgo =34V 140 200 pA
Vgo = 6 V; LIN = GND;

B8O 217 A
SDIOD =HIN=5V;

Vo =6V,

SD/OD =5 V; 1.9 mA
VS =0 V; Fgw = 500 kHz

BOOT = OUT =600 V 1" A

SD/OD=LIN=5V;
HIN = GND = PGND 140 175 Q
VCC -BOOT=0.5V

I(GH) = 1 mA (source) 77
I(GH) = 1 mA (sink) 2
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Driver

symoa | puamerr et condion i o

Logic inputs
Ty=25°C 1.1 1.31 145
Vi Low level logic threshold \Y
Full Temperature range | 0.8
LIN, HIN, SD/OD Ty=25°C 2 217 25
Vin High level logic threshold
Full Temperature range®) 2.7
Vihys Logic input threshold hysteresis 07 096 12 V
lINh Logic ‘1’ input bias current LIN,HIN=5V 23 | 33 55 QA
M LIN, HIN Logic ‘0" input bias current LIN, HIN = GND 1 uA
Rpp_IN Input pull-down resistor LIN,HIN=5V 90 | 150 220 kQ
Isph SD/OD Logic “1” input bias current SD/IOD =5V 1 15 20  pA
Ispi SD/OD Logic “0” input bias current SD/OD =0V 1 | pA
— SD/OD =5V
R SD/OD Pull-d ist 250 330 450 kQ
PD_SD ui-down resistor OpenDrain OFF
V1sp SD/OD Thermal shutdown unlatch threshold T,=25°C© 05 075 1 \%
R SD/OD Open drain ON resist D 8 10 18 Q
ON_OD pen drain resistance lop = 400 mV(©
I SD/OD O Drain low level sink t Ty=25°C; 22 40 50 A
oL 0D pen Drain low level sink curren Vop = 400 mV©) m
Overtemperature protection
Ttsp Shutdown temperature ®) 175 °C
Thys Temperature hysteresis ®) 20 °C

VCC UVLO is referred to VCC - GND

Turn on and turn off total resistances include the values of the gate resistors and the driver Rdson
Vo = Veoort - Vour

RBp(on) is tested in the following way:

RBp(on) = [(VCC - VgooTa) - (VCC - Veootn)]/ [la - In]

Where: I, is BOOT pin current when VgooTt = VBooTa: Ip is BOOT pin current when Vgoot = VBooTp

AW N~

5. Range estimated by characterization, not tested in production.
6. Tested on wafer.
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GaN power transistor

4.2 GaN power transistor

Table 6. GaN power transistor electrical characteristics

Vgs =6V, Ty =25°C, unless otherwise specified

GaN on/off states

Low side Ipgg < 18 pA (1)

V(BR)DS Drain-source breakdown voltage High side Ipgg < 13.3 pAl") 650 \Vi
VGS =0V
VDS =600V
Ibss Ls Zero gate voltage drain current - low side 0.7 uA
- Vgs = oV
Vps =600 V
Ipss_Hs Zero gate voltage drain current - high side 0.5 uA
- Ves =0V
Vbs = Vas
Vgs(th)y | Gate threshold voltage Low side, Ip =2.5 mA (1) 17 Vv
High side, Ip = 1.7 mA ()
Ies_Ls Gate to source current - Low side Vps =0V @ 57 pA
Igs_Hs Gate to source current - High side Vps =0 V@ 40 pA
Ty=25°C 150 = 220
Rps(on) Ls | Static drain-source on-resistance - Low side Ib=32A mQ
Ty=125°C @ 330
Ty=25°C 225 300
Rps(on)_Hs | Static drain-source on-resistance - High side Ip=22A mQ
Ty=125°C @ 495

1. Tested on wafer.
2. Value estimated by characterization, not tested in production.
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Device characterization values

5 Device characterization values

The information in Table 7 and Table 8 represents typical values based on characterization and simulation results
and are not subject to the production test.

Table 7. GaN power transistor characterization values

symbas | pwamaer et condion i e U

Vgs =6V, T;=25°C

2 nC
Vps =010 400 V - Low side
Qg Total gate charge
VGS =6V, TJ =25°C
1.5 nC
Vps =0 to 400 V - High side
Output charge - Low side 20 nC
Qoss
Output charge - High side 14 nC
£ Output capacitance stored energy - Low side Vgs =0V, 2.7 uJ
0SS
Output capacitance stored energy - High side Vps =400 V 1.7 ud
Output capacitance - Low side 20 pF
Coss
Output capacitance - High side 14.2 pF
c Effective output capacitance energy related - Low side () 31 pF
O(ER)
Effective output capacitance energy related - High side(") Vgs=0V, 21 pF
c Effective output capacitance time related - Low side () Vps =010 400 V 50 pF
O(TR)
Effective output capacitance time related - High side? 34 pF
Qrr | Reverse recovery charge 0 nC
IRRM | Reverse recovery current 0 A

1. Co(er) Is the fixed capacitance that would give the same stored energy as Coss while Vpg is rising from 0 V to the stated
Vbs

2. Co(tr) is the fixed capacitance that would give the same charging time as Coss while Vps is rising from 0 V to the stated
Vbs

Table 8. Inductive load switching characteristics

70 ns

Turn-on time - Low side

ton) " . S
Turn-on time - High side 70 ns
Crossover time (on) - Low side 15 ns
tc(on) @
Crossover time (on) - High side 25 ns
Vg =400V,
0 Turn-off time - Low side s =400V, 70 ns
t(off) =
Turn-off time - High side Ves =6V, 70 ns
Ip=32A,
o Crossover time (off) - Low side D 15 ns
to(off See Figure 3
0 Crossover time (off) - High side ee Figure 10 ns
tsp Shutdown to high/low-side propagation delay 70 ns
E Turn-on switching losses - Low side 12.5 uJ
on
Turn-on switching losses - High side 10 uJ
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Device characterization values

Vs =400V,
Vs =6V,
Eoff Turn-off switching losses Ib=32A, 2.5 ud
See Figure 3
1. ton) and tf include the propagation delay time of the internal driver
2. tc(on) and tc(of are the switching times of GaN transistor itself under the internally given gate driving conditions

Figure 3. Switching time definition

Vbs Ip Ip Vbs
10%lp 10%Vos 10% Vs 10%lp
L) | \ .
ton) Vi te(oFr)
Vin tiorr)
tcon)
(a) turn-on (b) turn-off

Figure 4. Typ ID Ls VS. VDS at TJ=25°C Figure 5. Typ ID_LS VS. VDS at TJ=125°C

30 12 =~
T25C T=125°C Y
6V / /
25 10 4V
20 8
AV
—_~ / —~
< <
= 15 < e
10 / 4 /
5 / 2 /
0 0
0 1 2 3 4 5 0 1 2 3 4 5
Vbs (V) Vs (V)
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Device characterization values

Figure 6. Typ Ip_ps vs. Vps at T;=25°C Figure 7. Typ Ip_ps vs. Vps at T;=125°C
20 10
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Figure 8. Typ Rps(on)_Ls Vs. Ip at Ty=25°C Figure 9. Typ Rps(on)_LsVs. Ip at T;=125°C
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Device characterization values

Figure 10. Typ Rps(on)_Hs Vs- Ip at Tj=25°C Figure 11. Typ Rps(on)_Hs Vs- Ip at T;j=125°C
0.38 0.69
T,=25°C 4v/ T,4125°C 4 /
0.36 0.66
0.34 / 0.63
/ 5V,
0.32 0.60 /
g o g
= 0.30 / = 057
S S
a a 6V
X g2 - X 054 Y4
0.26 // // 0.51 d >
L— L
0.24 = 0.48
///
0.22 0.45
0 2 4 6 8 10 12 14 16 18 20 01 2 3 4 5 6 7 8 9 10
Io (A) Io (A)
Figure 12. Typ Ip_s vs. Vps Figure 13. Typ Ip Hs Vs. Vps
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25
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Device characterization values

Figure 14. Typ Rps(on) Vs. Ty normalized at 25°C

/
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Figure 15. Typ Isp s vs. Vsp s at Ty=25°C Figure 16. Typ Isp_Ls vs. Vsp_Ls at T;=125°C
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Device characterization values

Figure 17. Typ Isp_Hs Vs. Vsp_hs at Tj=25°C Figure 18. Typ Isp_ns vs. Vsp_ns at Ty=125°C
40 20
Tj=25°C Tj=125°C

36 18
32 VGS=6V 16 VGS=6V
28 14

o pd 12 7~

< Ves=0 < Ves=0V

o 2 / = 10 yd

/
0t 2 3 4 5 6 7 8 9 10 %23 4 5 6 7 8 9 10
VSD (V) VSD (V)
Figure 19. Safe Operating Area (LS) at T;=25°C Figure 20. Safe Operating Area (HS) at T;,=25°C
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\ \ il
/ \\ { L
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k] N S N\ [
DC \{v i
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1 10 100 1 10 100 1000
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Device characterization values

Figure 21. Typical Gate Charge (LS) at T;=25°C Figure 22. Typical Gate Charge (HS) at T;=25°C
7 7
— 400V —— 400V
6100V K 6 100V /
5 5
4 < 4

Vs (V)
Vs (V)

0 0
0 0.5 1 1.5 2 25 0 0.5 1 1.5 2 25
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Figure 23. LS Derating curve Figure 24. HS Derating curve
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3

Figure 25. Typ Rppoot VS- Ty
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Functional description

6 Functional description

6.1 Logic inputs
The MASTERGANZ2 features a half-bridge gate driver with three logic inputs to control the internal high-side and
low-side GaN transistors.
The devices are controlled through the following logic inputs:
. SD/OD: Shutdown input, active low
. LIN: low-side driver inputs, active high
. HIN: high-side driver inputs, active high

Table 9. Inputs truth table (applicable when device is not in UVLO)

GaN transistors status

we e e Em ]
L XM XM OFF OFF

H L L OFF OFF
H L H OFF ON
H H L ON OFF
H H @ HE® OFF OFF

1. X:Don’t care
2. Interlocking

The logic inputs have internal pull-down resistors. The purpose of these resistors is to set a proper logic level in
case, for example, there is an interruption in the logic lines or the controller outputs are in tri-state conditions.

If logic inputs are left floating, the gate driver outputs are set to low level and the correspondent GaN transistors
are turned off.

The internal logic is able to transfer the control signal pulse longer than Tiy_min = 120 ns and introduces a very
short propagation delay to output.

6.2 Bootstrap structure

A bootstrap circuitry is typically used to supply the high-voltage section. MASTERGAN2 integrates this structure,
realized by a patented integrated high-voltage DMOS, to reduce the external components.

The Boostrap integrated circuit is connected to VCC pin and is driven synchronously with the low-side driver.

The use of an external bootstrap diode in parallel to the integrated structure is possible, in particular if the
operating frequency is approximately higher than 500 kHz.

6.3 VCC supply pins and UVLO function
The VCC pin supplies current to the logic circuit, level-shifters in the low-side section and the integrated bootstrap
diode.
The PVCC pin supplies low-side output buffer. During output commutations the average current used to provide
gate charge to the high-side and low-side GaN transistors flows through this pin.

The PVCC pin can be connected either to the same supply voltage of the VCC pin or to a separate voltage
source. In case the same voltage source is used, it is suggested to connect VCC and PVCC pins by means of
a small decoupling resistance. The use of dedicated bypass ceramic capacitors located as close as possible to
each supply pin is highly recommended.
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VBO UVLO protection

The MASTERGAN2 VCC supply voltage is continuously monitored by under-voltage lockout (UVLO) circuitry that
turns both the high-side and low-side GaN transistors off when the supply voltage goes below the Vcc orr
threshold. The UVLO circuitry turns on the GaN, according to LIN and HIN status, as soon as the supply voltage
goes above the Vccinon voltage. A Vecnys hysteresis is provided for noise rejection purposes.

Figure 26. VCC UVLO and Low Side

VCCihon
VCCthoFF
VCC =PVCC 1 e oV
N | _H__ov
‘ L ‘ ' 'H — Pvce
GL-PGND 1 ; [
‘ [ N L - ov
6.4 Vo UVLO protection

Dedicated undervoltage protection is available on the bootstrap section between BOOT and OUTb supply pins. In
order to avoid intermittent operation, a hysteresis sets the turn-off threshold with respect to the turn-on threshold.

When Vpg voltage falls below Vgoinorr threshold, the high-side GaN transistor is switched off. When Vo voltage
reaches the Vgoion threshold, the device returns to normal operation and the output remains off until the next
input pin transition that requests the high-side to turn on.

Figure 27. Vgo UVLO and High Side
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,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, VCCinhorr
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;
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T T T ~—— : \/BOthOFF
VBO 1 1 !
‘ VBO rise : :(%‘H
| [ |
| | |
| [ |
| | |
| | |
| | |
| n
3 1
HIN l , ! ov
| |
| ! |
. — Veo
(GH-OUTB) |
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|
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Thermal shutdown

6.5 Thermal shutdown
The integrated gate driver has a thermal shutdown protection.
When junction temperature reaches the Ttgp temperature thres@d, the device  turns off both GaN transistors,
leaving the half-bridge in 3-state and signaling the state forcing SD/OD pin low. SD/OD pin is released when
junction temperature is below T1gp-THys and SD/OD is below V1gp.
GaN are driven again according to inputs when SD/OD rises above Vih.

The thermal smart shutdown system provides the possibility to increase the time constant of the external RC
network (that determines the disable time after the overtemperature event) up to very large values without
delaying the protection.

Figure 28. Thermal shutdown timing waveform
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E / Fast shut down E
GH/GL i el
SD/OD Voo \ 5 i
Vi  _._._. N e L —
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7 Typical application diagrams

Figure 29. Asymmetrical Active clamp flyback
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8 Package information

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.

8.1 QFN 9 x 9 x 1 mm, 31 leads, pitch 0.6 mm package information

Table 10. QFN 9 x 9 x 1 mm package dimensions

Dimensions (mm)

Symbol _
T T T
0.90

A 0.95 1.00
A3 0.10
0.25 0.30 0.35
D 8.96 9.00 9.04
8.96 9.00 9.04
D1 3.30 3.40 3.50
E1 2.06 2.16 2.26
D2 1.76 1.86 1.96
E2 3.10 3.20 3.30
D3 1.70 1.80 1.90
E3 3.10 3.20 3.30
e 0.60
K 0.24
L 0.35 0.45 0.55
N 31
aaa 0.10
bbb 0.10
cce 0.10
ddd 0.05
eee 0.08

Note: Dimensioning and tolerances conform to ASME Y14.5-2009.

All dimensions are in millimeters.

N total number of terminals.

Dimensions do not include mold protrusion, not to exceed 0.15 mm.

Package outline exclusive of metal burr dimensions.

ISUE R I
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QFN 9 x 9 x 1 mm, 31 leads, pitch 0.6 mm package information

Figure 30. QFN 9 x 9 x 1 mm package dimensions
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9 Suggested footprint

The MASTERGANZ2 footprint for the PCB layout is usually defined based on several design factors such as
assembly plant technology capabilities and board component density. For easy device usage and evaluation, ST
provides the following footprint design, which is suitable for the largest variety of PCBs.

The following footprint indicates the copper area that should be free of solder mask, and shall extend beyond the
indicated areas, especially for EP2 and EP3. To aid thermal dissipation, it is recommended to add thermal vias
under these EPADs to transfer and dissipate device heat to the other PCB copper layers. A PCB layout example
is available with the MASTERGAN2 evaluation board.

Figure 31. Suggested footprint (top view drawing)
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10 Ordering information

Table 11. Order codes

MASTERGAN2 QFN9x9x1mm MASTERGAN2 Tray
MASTERGAN2TR QFN9x9x 1mm MASTERGAN2 Tape and Reel
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Revision history
Table 12. Document revision history

o T e e

01-Dec-2020 1 Initial release.
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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.

© 2020 STMicroelectronics — All rights reserved
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