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PIN FUNCTION DESCRIPTION

Pin
16 Pin | 20 Pin Symbol Description

1 1 Cr An external timing capacitor (Ct) sets the oscillator frequency. A sawtooth between 0.2 V and 4
V sets the oscillator frequency and the gain of the multiplier.

2 2 RAMP COMP | A resistor (Rgc) between this pin and ground adjust the amount of ramp compensation that is
added to the current signal. Ramp compensation is required to prevent subharmonic
oscillations. This pin should not be left open.

3 3 AC IN The scaled version of the full wave rectified input ac wave is connected to this pin by means of
a resistive voltage divider. The line voltage information is used by the multiplier.

4 4 FB An error signal from an external error amplifier circuit is fed to this pin via an optocoupler or
other isolation circuit. The FB voltage is a proportional of the load of the converter. If the voltage
on the FB pin drops below Vggk p the controller enters Soft-Skip™ to reduce acoustic noise.

5 5 VFF Feedforward input. A scaled version of the filtered rectified line voltage is applied by means of a
resistive divider and an averaging capacitor. The information is used by the Reference
Generator to regulate the controller.

6 6 CM Multiplier output. A capacitor is connected between this pin and ground to filter the modulated
output of the multiplier.

7 NC
8 NC

7 9 AC COMP Sets the pole for the ac reference amplifier. The reference amplifier compares the low
frequency component of the input current to the ac reference signal. The response must be
slow enough to filter out most of the high frequency content of the current signal that is injected
from the current sense amplifier, but fast enough to cause minimal distortion to the line
frequency information. The pin should not be left open.

8 10 Latch Latch-Off input. Pulling this pin below 1.0 V (typical) or pulling it above 7.0 V (typical) latches
the controller. This input can be used to implement an overvoltage detector, an overtemperature
detector or both. Refer to Figure 69 for a typical implementation.

9 11 Rdelay A resistor between this pin and ground sets the non-overlap time delay between OUTA and
OUTB. The delay is adjusted to prevent cross conduction between the primary MOSFET and
synchronous rectification MOSFET or optimize the resonant transition in an active clamp stage.

10 12 lava An external resistor and capacitor connected from this terminal to ground, to set and stabilizes
the gain of the current sense amplifier output that drives the ac error amplifier.

" 13 Isp05 Positive current sense input. Connects to the positive side of the current sense resistor.

12 14 Ve Positive input supply. This pin connects to an external capacitor for energy storage. An internal
current source supplies current from the STARTUP pin Vc. Once the voltage on Vg reaches
approximately 15.3 V, the current source turns off and the outputs are enabled. The drivers are
disabled once V¢ reaches approximately 10.3 V. If V¢ drops below 0.85 V (typical), the
startup current is reduced to less than 500 pA.

13 15 OUTA Drive output for the main flyback power MOSFET or IGBT. OUTA has a source resistance of
13 Q (typical) and a sink resistance of 8 Q (typical).

14 16 ouTB Secondary output of the PWM Controller. It can be used to drive synchronous rectifier, and
active clamp switch, or both. OUTB has source and sink resistances of 22 Q (typical) and 11
(typical), respectively.

15 17 GND Ground reference for the circuit.

18 NC
19 NC
16 20 HV Connect the rectified input line voltage directly to this pin to enable the internal startup regulator.

A constant current source supplies current from this pin to the capacitor connected to the Vg
pin, eliminating the need for a startup resistor. The charge current is typically 5.5 mA. Maximum
input voltage is 500 V.
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MAXIMUM RATINGS (Notes 1 and 2)

Rating Symbol Value Unit
Start_up Input Voltage Vv -0.3 to 500 \
Start_up Input Current (MY +100 mA
Power Supply Input Voltage Vee -0.3t0 20 \
Power Supply Input Current lcc +100 mA
Latch Input Voltage Vi atch -0.3t0 10 Vv
Latch Input Current ILatch +100 mA
OUTA Pin Voltage VoutA -0.3t0 20 \%
OUTA Pin Current loutA +1.0 A
OUTB Pin Voltage VoutB -0.3t0 20 \
OUTB Pin Current loutB +600 mA
All Other Pins Voltage -0.3t06.5 \
All Other Pins Current +100 mA
Thermal Resistance, Junction-to-Air 04a °C/W
0.1 in” Copper 130
0.5 in” Copper 110
Thermal Resistance, Junction-to-Lead ReJL 50 °C/W
Maximum Power Dissipation @ Tp = 25°C Pmax 0.77 W
Operating Temperature Range Ty -40to 125 °C
Storage Temperature Range Tstg -55to0 150 °C

Stresses exceeding Maximum Ratings may damage the device. Maximum Ratings are stress ratings only. Functional operation above the
Recommended Operating Conditions is not implied. Extended exposure to stresses above the Recommended Operating Conditions may affect
device reliability.
1. This device series contains ESD protection and exceeds the following tests:
16 pin package:
Pin 1-15: Human Body Model 2000 V per JEDEC standard JESD22, Method A114.
Machine Model 200 V per JEDEC standard JESD22, Method A115.
Pin 16 is the high voltage startup of the device and is rated to the maximum rating of the part, 500 V.
20 pin package:
Pin 1-19: Human Body Model 2000 V per JEDEC standard JESD22, Method A114.
Machine Model 200 V per JEDEC standard JESD22, Method A115.
Pin 20 is the high voltage startup of the device and it is rated to the maximum
rating of the part, or 500 V.
2. This device contains Latchup protection and exceeds +100 mA per JEDEC Standard JESD78.
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ELECTRICAL CHARACTERISTICS (VCC =15V, VaciN=3.8V,VEg=2.0V, VEp = 2.4V, V| atch = open, V|spos = —100 mV,

Couta = 1 nF, C1 =470 pF, Cjavg = 0.27 nF, CLatch = 0.1 nF, Cy = 10 nF, Rjavg = 76.8 KQ, Rgejay = 49.9 k2,
Couts = 330 pF, Rrg = 43 kQ, For typical Value T = 25°C, for min/max values T, = -40°C to 125°C, unless otherwise noted)

Parameter Test Condition Symbol | Min | Typ | Max | Unit

OSCILLATOR
Frequency fosc 90 100 110 kHz
Frequency Modulation in Percentage - 6.8 - %
of fosc
Frequency Modulation Period - 6.8 - ms
Ramp Peak Voltage VeT(peak) - 4.0 - \%
Ramp Valley Voltage VeTalley) - 0.10 - Vv
Maximum Duty Ratio Rdelay = open D 94 - - %
Ramp Compensation Peak Voltage VRCOMP(peak) - 4 - \%
AC ERROR AMPLIFIER
Input Offset Voltage (Note 3) Ramp layg, VEB =0V ACV|o 40 - mV
Error Amplifier Transconductance Im - 100 - uS
Source Current Vaccomp=2.0V,Vacin=2.0V, |EA(source) 25 70 - uA

VEp=1.0V
Sink Current Vaccomp =20V, Vac INn=20V, IEA(sink) -25 -70 - uA

VEp=5.0V
CURRENT AMPLIFIER
Input Bias Current Vispos =0V CAlpias 40 53 80 uA
Input Offset Voltage Vac comp =5.0V, Vigpos =0V CAV|o -20 0 20 mV
Current Limit Threshold force OUTA high, Vac comp=3.0V, ViLm 0.695 | 0.74 | 0.77 Vv

ramp Vispos, VRamp_Comp = OpeN
Leading Edge Blanking Duration tLeB - 200 - ns
Bandwidth - 1.5 - MHz
PWM Output Voltage Gain 4 PWMk 4.0 5.3 6.0 VIV
PWMK = ——MMM—
Vium ~ Cavio)
Current Limit Voltage Gain (See \" ISVk 15.4 18.5 23 VIV
; (AVG)
Current Sense Section) ISVK =
lspos
REFERENCE GENERATOR
Reference Generator Gain Vv SV 2 k - 0.55 - \
_ AC_REF FF
Ve * Vac_iN

Reference Generator output voltage Vacin=1.2V,VEg=0.765V, RGout1 3.61 4.36 | 4.94 Vpk
(low input ac line and full load) Veg=4V
Reference Generator output voltage VacIN=3.75V,VEp =239V, RGouto 1.16 1.35 | 1.61 Vpk
(high input ac line and full load) Veg=4.0V
Reference Generator output Voltage Vacin=1.2V,VEg=0.765V, RGouts 1.85 2.18 | 2.58 Vpk
(low input as line and minimum load) Veg=2.0V
Reference Generator output voltage VaciN=3.75V, VEp =2.39 V, RGouts 055 | 065 | 0.78 | Vpk
(high input ac line and minimum load) Veg=2.0V
Reference Generator output offset RGoftset -100 - 100 mV
voltage

3. Guaranteed by Design
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ELECTRICAL CHARACTERISTICS (Vcc =15V, Vacin=3.8V, VEg =2.0 V, VEr = 2.4 V, V| 4tch = Open, Vispos = -100 mV,

COUTA =1nF CT =470 pF, CIAVG =0.27 nF, CLatch =0.1nF, CM =10 nF, RIAVG =76.8 kQ, Rdelay =49.9 kQ,
Couts =330 pF, Rrc = 43 k<, For typical Value T = 25°C, for min/max values T, = -40°C to 125°C, unless otherwise noted)

Parameter Test Condition Symbol | Min | Typ | Max | Unit |
AC INPUT
Input Bias Current Into Reference Iac IN(IB) - 0.01 - uA
Multiplier & Current Compensation
Amplifier
DRIVE OUTPUTS A and B
Drive Resistance (Thermally Limited) Q
OUTA Sink Vouta=1V Rsnki1 - 8 18
OUTA Source IOUTA =100 mA RSRC1 - 10.8 24
OUTB Sink Voute=1V Rsnkz - 10 22
OUTB Source IOUTB =100 mA RSRCZ - 21 44
Rise Time (10% to 90%) ns
OUTA try - 40 —
ouTB tro - 25 -
Fall Time (90% to 10%) ns
OUTA te1 - 20 -
ouTB teo - 10 -
DRV Low Voltage mV
OUTA louta = 100 uA VouTA(low) - 1.0 100
ouTB louts = 100 pA VouTB(low) - 1.0 100
Non-Overlap Adjustable Delay Range tdelay(range) 0.08 - 2.8 us
(Note 3)
Non-Overlap Adjustable Delay Measured at 50% of Vouyr, ns
Coura = Courg = 100 pF
Leading OUTA Rising to OUTB falling tdelay(lead) 250 450 550
Trailing OUTB Rising to OUTA falling tdelay(trail) 250 420 550
Non-Overlap Adjustable Delay OUTA Rising to OUTB Falling or OUTB tdelay(match) - - 55 %
Matching Rising to OUTA Falling
Soft-Skip™
Skip Synchronization to ac Line Vacin Increasing, Veg = 1.5V VsSKIP(SYNC) 210 267 325 mV
Voltage Threshold
Skip Synchronization to ac Line Vacin Decreasing Vsskip - 40 - mV
Voltage Threshold Hysteresis (SYNCHYS)
Skip Ramp Period (Note 3) tsskip - 2.5 - ms
Skip Voltage Threshold Vgskip \Y
NCP1652 1.04 1.24 | 1.56
NCP1652A 0.36 0.41 0.46
Skip Voltage Hysteresis VSsKIP(HYS) 45 90 140 mV
Skip Transient Load Detect Threshold Vsskip(TLD) = Vsskip +0.55 V VssKIP(TLD) - 1.75 - \
(Note 3)
FEEDBACK INPUT
Pull-Up Current Source Veg=0.5V IFB 600 750 920 uA
Pull-Up Resistor Reg - 6.7 - kQ
Open Circuit Voltage VEB(open) 5.3 5.7 6.3 \Y
STARTUP AND SUPPLY CIRCUITS
Supply Voltage \Y
Startup Threshold V¢ Increasing Vee(on) 14.3 15.4 16.3
Minimum Operating Voltage Ve Decreasing Veo(off) 9.3 10.2 11.3
Logic Reset Voltage Vcc Decreasing Vec(reset) - 7.0 -
Inhibit Threshold Voltage Vuy =40V, liphibit = 500 pA Vinhibit - 0.83 | 1.15 \

3. Guaranteed by Design
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ELECTRICAL CHARACTERISTICS (Vcc =15V, Vacin=3.8V, VEg =2.0 V, VEr = 2.4 V, V| 4tch = Open, Vispos = -100 mV,

COUTA =1nF CT =470 pF, CIAVG =0.27 nF, CLatch =0.1nF, CM =10 nF, RIAVG =76.8 kQ, Rdelay =49.9 kQ,
Couts =330 pF, Rrc = 43 k<, For typical Value T = 25°C, for min/max values T, = -40°C to 125°C, unless otherwise noted)

Parameter Test Condition Symbol | Min | Typ | Max | Unit
STARTUP AND SUPPLY CIRCUITS
Inhibit Bias Current Vuy =40V, Ve = 0.8 * Vipnibit linhibit 40 - 500 uA
Minimum Startup Voltage Istart = 0.5 MA, Ve = Vegon) —0.5 V Vstart(min) - - 40 \Y
Startup Current Vee = Vecon) —0-5 V, Vig = Open Istart 3.0 5.62 8.0 mA
Off-State Leakage Current Vyy =400V, Ty =25°C IHv (off) uA

Ty =-40°C to 125°C - 17 40
- 15 80

Supply Current mA
Device Disabled (Overload) VEg = Open lcct - 0.72 1.2
Device Switching fosc = 100 kHz lcc2 - 625 | 7.2
FAULT PROTECTION
Overload Timer tovLD 120 162 360 ms
Overload Detect Threshold VovLp 4.7 4.9 5.2
Brown-Out Detect Threshold (entering Veg Decreasing, VEg =2.5V, VBO(low) 0.41 0.45 | 0.49
fault mode) Vacin=20V
Brown-Out Exit Threshold (exiting VEgg Increasing, Veg = 2.5V, VBO(high) 0.57 0.63 | 0.69 \
fault mode) Vacin=20V
Brown-Out Hysteresis VBOHYS) - 174 - mV
LATCH INPUT
Pull-Down Latch Voltage Threshold V| atch Decreasing Viatch(low) 0.9 0.98 11 \%
Pull-Up Latch Voltage Threshold V| atch Increasing Viatch(high) 5.6 7.0 8.4 \
Latch Propagation Delay Vi atch = Viatch(high) tatch(delay) 30 56 90 us
Latch Clamp Current (Going Out) Viatch=15V liatch(clamp) 42 51 58 uA
Latch Clamp Voltage (I atch Going In) ILatch = 50 ©A Viatch(clamp) 2.5 3.27 4.5 \
Latch-Off Current Shutdown V| atch Increasing liatch(shdn) - 95 - uA
(Going In)

3. Guaranteed by Design
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ORDERING INFORMATION
Device Package Shippingt

NCP1652DWR2G SO-20 WB 1000 / Tape & Reel
(Pb-Free)

NCP1652DR2G SO-16 2500 / Tape & Reel
(Pb-Free)

NCP1652ADR2G SO-16 2500 / Tape & Reel
(Pb-Free)

1For information on tape and reel specifications, including part orientation and tape sizes, please refer to our Tape and Reel Packaging
Specifications Brochure, BRD8011/D.

The products described herein (NCP1652), may be covered by one or more of the following U.S. patents; 6,373,734. There may be other patents pending.
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onsemi A CAGE DIMENSIONS

SOIC-16 9.90x3.90x1.37 1.27P

CASE 751B
ISSUE M
DATE 18 OCT 2024
NOTES:
1. DIMENSIONING AND TOLERANCING PER ASME Y14.5M, 2018. MILLIMETERS
2. DIMENSION IN MILLIMETERS. ANGLE IN DEGREES. DIM MIN NOM MAX
3. DIMENSIONS D AND E1 DO NOT INCLUDE MOLD PROTRUSION.

4. MAXIMUM MOLD PROTRUSION 0.15mm PER SIDE. A 1.35 1.55 1.75
5. DIMENSION b DOES NOT INCLUDE DAMBAR PROTRUSION. ALLOWABLE . 010 s 025
DAMBAR PROTRUSION SHALL BE 0.127mm TOTAL IN EXCESS OF THE : : :

b DIMENSION AT MAXIMUM MATERIAL CONDITION. A2 1.25 1.37 1.50

C b 0.35 0.42 0.49
[D]aad] -
= > c 0.19 0.22 0.25
B | D 9.90 BSC
. 6.00 BSC
D00 onnnoamo
6 | 5 E1 3.90 BSC
——--—--T ----- — O e 1.27 BSC
[0) 8
b h 0.25 _— 0.50
M |aaa|C |_||.|.||.|.||_|:|_||_||_|||
|__ | O [bbb|C L 0.40 | 0.83 | 1.25
L1 1.05 REF
TOP_VIEW ) o | —— | 7
[Teeelc] [ ~A2 TOLERANCE OF FORM AND POSITION
RLisi=iisimi=i=i Nl ad 010
SEATING A1 bbb 0.20
PLANE 16X b © 010
CCC .
$eae@clA] 4—
ddd 0.25
SIDE_VIEW
eee 0.10
8X
6.40
1 | 16
= O
i S R
— SR
AL ”A —=- -
Scale 3:1 - ! =] 1.270
O PITCH
16X [
0.58 ‘:'8 | gg
1
1.120
RECOMMENDED MOUNTING FOOTPRINT
*FOR ADDITIONAL INFORMATION ON OUR
PB—FREE STRATEGY AND SOLDERING DETAILS,
PLEASE DOWNLOAD THE onsemi SOLDERING
AND MOUNTING TECHNIQUES REFERENCE
MANUAL, SOLDERRM/D
DOCUMENT NUMBER: | 98ASB42566B PrPaDe vermire S P oot whon P AONTHOLIED PP e, | epostoy
DESCRIPTION: | SOIC-16 9.90X3.90X1.37 1.27P PAGE 1 OF 2

onsemi and ONSEMI. are trademarks of Semiconductor Components Industries, LLC dba onsemi or its subsidiaries in the United States and/or other countries. onsemi reserves
the right to make changes without further notice to any products herein. onsemi makes no warranty, representation or guarantee regarding the suitability of its products for any particular
purpose, nor does onsemi assume any liability arising out of the application or use of any product or circuit, and specifically disclaims any and all liability, including without limitation
special, consequential or incidental damages. onsemi does not convey any license under its patent rights nor the rights of others.

© Semiconductor Components Industries, LLC, 2019 www.onsemi.com



SOIC-16 9.90x3.90x1.37 1.27P
CASE 751B

ISSUE M

GENERIC
MARKING DIAGRAM*

LI I O O O I

XXXXXXXXXXXXG
$.9,0.9,0.9,0,0,0,9,0,0,0.
AW YWW

tEE HEBEHEHE
XXXXX = Specific Device Code

A = Assembly Location
WL = Wafer Lot

Y = Year

Ww = Work Week

G = Pb-Free Package

*This information is generic. Please refer to
device data sheet for actual part marking.
Pb-Free indicator, “G” or microdot “=”, may
or may not be present. Some products may
not follow the Generic Marking.

DATE 18 OCT 2024

STYLE 1: STYLE 2: STYLE 3: STYLE 4
PIN1. COLLECTOR PIN1. CATHODE PIN1. COLLECTOR, DYE #1 PIN1. COLLECTOR, DYE #1

2. BASE 2. ANODE 2. BASE, #1 2. COLLECTOR, #1
3. EMITTER 3. NO CONNECTION 3. EMITTER, #1 3. COLLECTOR, #2
4. NO CONNECTION 4. CATHODE 4. COLLECTOR, #1 4. COLLECTOR, #2
5. EMITTER 5. CATHODE 5. COLLECTOR, #2 5. COLLECTOR, #3
6. BASE 6. NO CONNECTION 6. BASE, #2 6. COLLECTOR, #3
7. COLLECTOR 7. ANODE 7. EMITTER, #2 7. COLLECTOR, #4
8. COLLECTOR 8. CATHODE 8. COLLECTOR, #2 8. COLLECTOR, #4
9. BASE 9. CATHODE 9. COLLECTOR, #3 9. BASE, #4

10. EMITTER 10. ANODE 10. BASE, #3 10. EMITTER, #4

11. NO CONNECTION 11. NO CONNECTION 1. EMITTER, #3 11. BASE, #3

12. EMITTER 12. CATHODE 12. COLLECTOR, #3 12. EMITTER, #3

13. BASE 13. CATHODE 13. COLLECTOR, #4 13. BASE, #2

14. COLLECTOR 14.  NO CONNECTION 14. BASE, #4 14. EMITTER, #2

15. EMITTER 15. ANODE 15. EMITTER, #4 15. BASE, #1

16. COLLECTOR 16. CATHODE 16. COLLECTOR, #4 16. EMITTER, #1

STYLE 5. STYLE 6: STYLET:
PIN1. DRAIN, DYE #1 PIN1. CATHODE PIN1.  SOURCE N-CH

2. DRAIN, #1 2. CATHODE 2. COMMON DRAIN (OUTPUT)
3. DRAIN, #2 3. CATHODE 3. COMMON DRAIN (OUTPUT)
4. DRAIN, #2 4. CATHODE 4. GATE P-CH
5. DRAIN, #3 5. CATHODE 5. COMMON DRAIN (OUTPUT)
6. DRAIN, #3 6. CATHODE 6. COMMON DRAIN (OUTPUT)
7. DRAIN, #4 7. CATHODE 7. COMMON DRAIN (OUTPUT)

8. DRAIN, #4 8. CATHODE 8. SOURCE P-CH

9. GATE, #4 9. ANODE 9. SOURCE P-CH

10. SOURCE, #4 10. ANODE 10. COMMON DRAIN (OUTPUT)

1. GATE, #3 11.  ANODE 11.  COMMON DRAIN (OUTPUT)

12. SOURCE, #3 12.  ANODE 12.  COMMON DRAIN (OUTPUT)

13. GATE, #2 13.  ANODE 13. GATEN-CH

14.  SOURCE, #2 14. ANODE 14.  COMMON DRAIN (OUTPUT)

15. GATE, #1 15.  ANODE 15.  COMMON DRAIN (OUTPUT)

16.  SOURCE, #1 16. ANODE 16. SOURCE N-CH

Electronic versions are uncontrolled except when accessed directly from the Document Repository.
DOCUMENT NUMBER: 98ASB42566B Printed versions are uncontrolled except \Fl)vhen stamped “CONTRSILLED COPY” in red. " M

DESCRIPTION:

SOIC-16 9.90X3.90X1.37 1.27P

PAGE 2 OF 2

onsemi and ONSEMI. are trademarks of Semiconductor Components Industries, LLC dba onsemi or its subsidiaries in the United States and/or other countries. onsemi reserves
the right to make changes without further notice to any products herein. onsemi makes no warranty, representation or guarantee regarding the suitability of its products for any particular
purpose, nor does onsemi assume any liability arising out of the application or use of any product or circuit, and specifically disclaims any and all liability, including without limitation

special, consequential or incidental damages. onsemi does not convey any license under its patent rights nor the rights of others.

© Semiconductor Components Industries, LLC, 2019

www.onsemi.com
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DIMENSIONS: MILLIMETERS

*For additional information on our Pb-Free strategy and soldering
details, please download the onsemi Soldering and Mounting

Techniques Reference

Manual, SOLDERRM/D.

MECHANICAL CASE OUTLINE

NO
1

a s

PACKAGE DIMENSIONS

DATE 22 APR 2015

TES:

. DIMENSIONS ARE IN MILLIMETERS.
. INTERPRET DIMENSIONS AND TOLERANCES

PER ASME Y14.5M, 1994.

. DIMENSIONS D AND E DO NOT INCLUDE MOLD

PROTRUSION.

. MAXIMUM MOLD PROTRUSION 0.15 PER SIDE.
. DIMENSION B DOES NOT INCLUDE DAMBAR

PROTRUSION. ALLOWABLE PROTRUSION
SHALL BE 0.13 TOTAL IN EXCESS OF B
DIMENSION AT MAXIMUM MATERIAL

CONDITION.

MILLIMETERS
| DIM[ MIN | MAX
A 235 | 265
Al 010 | 025
b | 035 | 049
c | 023 o3
D | 1265 | 12.95
E | 740 | 760

e 1.27BSC
H | 1005 | 1055
h | 025 | o075
L | 050 | 090
0 0°] 7°
GENERIC

MARKING DIAGRAM*

20
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XHXXXHKXXXXXX
XHXXXXXXXXXX
AWLYYWWG

14

XXX
A
WL
YY
ww
G

device dat

HEHHEHEHEH

XX = Specific Device Code
= Assembly Location
= Wafer Lot
= Year
= Work Week
= Pb-Free Package

*This information is generic. Please refer to

a sheet for actual part marking.

Pb-Free indicator, “G” or microdot “=”, may
or may not be present. Some products may
not follow the Generic Marking.

DOCUMENT NUMBER: | 96ASB423435 P e e e s oo e LD o T
DESCRIPTION:| SOIC-20 WB PAGE 1 OF 1

onsemi and ONSEMI. are trademarks of Semiconductor Components Industries, LLC dba onsemi or its subsidiaries in the United States and/or other countries. onsemi reserves
the right to make changes without further notice to any products herein. onsemi makes no warranty, representation or guarantee regarding the suitability of its products for any particular
purpose, nor does onsemi assume any liability arising out of the application or use of any product or circuit, and specifically disclaims any and all liability, including without limitation
special, consequential or incidental damages. onsemi does not convey any license under its patent rights nor the rights of others.

© Semiconductor Components Industries, LLC, 2019

www.onsemi.com



onsemi, ONSEML, and other names, marks, and brands are registered and/or common law trademarks of Semiconductor Components Industries, LLC dba “onsemi” or its affiliates
and/or subsidiaries in the United States and/or other countries. onsemi owns the rights to a number of patents, trademarks, copyrights, trade secrets, and other intellectual property.
A listing of onsemi’s product/patent coverage may be accessed at www.onsemi.com/site/pdf/Patent-Marking.pdf. onsemi reserves the right to make changes at any time to any
products or information herein, without notice. The information herein is provided “as-is” and onsemi makes no warranty, representation or guarantee regarding the accuracy of the
information, product features, availability, functionality, or suitability of its products for any particular purpose, nor does onsemi assume any liability arising out of the application or use
of any product or circuit, and specifically disclaims any and all liability, including without limitation special, consequential or incidental damages. Buyer is responsible for its products
and applications using onsemi products, including compliance with all laws, regulations and safety requirements or standards, regardless of any support or applications information
provided by onsemi. “Typical” parameters which may be provided in onsemi data sheets and/or specifications can and do vary in different applications and actual performance may
vary over time. All operating parameters, including “Typicals” must be validated for each customer application by customer’s technical experts. onsemi does not convey any license
under any of its intellectual property rights nor the rights of others. onsemi products are not designed, intended, or authorized for use as a critical component in life support systems
or any FDA Class 3 medical devices or medical devices with a same or similar classification in a foreign jurisdiction or any devices intended for implantation in the human body. Should
Buyer purchase or use onsemi products for any such unintended or unauthorized application, Buyer shall indemnify and hold onsemi and its officers, employees, subsidiaries, affiliates,
and distributors harmless against all claims, costs, damages, and expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death
associated with such unintended or unauthorized use, even if such claim alleges that onsemi was negligent regarding the design or manufacture of the part. onsemi is an Equal
Opportunity/Affirmative Action Employer. This literature is subject to all applicable copyright laws and is not for resale in any manner.

ADDITIONAL INFORMATION

TECHNICAL PUBLICATIONS: ONLINE SUPPORT: www.onsemi.com/support
Technical Library: www.onsemi.com/design/resources/technical-documentation For additional information, please contact your local Sales Representative at
onsemi Website: www.onsemi.com www.onsemi.com/support/sales
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