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Description

The Evaluation board is developed to evaluate
performance of high side and low side gate driver and the
target application is 300W non-isolation Synchonous Buck
48 V£10% input voltage and 28 V regulated output voltage.

To supply bias voltage both synchronous buck and
NCV51511, the NCV33163 control the auxiliary power
output around 10 V. And the main synchronous buck
controller generate high side and low side PWM input signal
for NCV51511.The NCV51511 drive the high side and low
side external MOSFET depend on the input PWM signal and
VDD level.

In this demonstration note introduces the features of the
evaluation board, schematic, layout, and the test results. As
the main focus of the evaluation board is to present
NCV51511 performance.

NCV51511 Features
® Drives two N-Channel MOSFETs in High & Low Side
® Integrated Bootstrap Diode for High Side Gate Drive

NCV51511

Input Connection

Test Point Information
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EVAL BOARD USER’S MANUAL

Bootstrap Supply Voltage Range up to 100 V

® 3 A Source, 6 A Sink Output Current Capability
® Drives 1 nF Load with Typical Rise/Fall Times of

6 ns/4 ns

® TTL Compatible Input Thresholds
® Wide Supply Voltage Range 8 V to 16 V (Absolute

Maximum 18 V)

® Fast Propagation Delay Times (Typ. 30 ns)
® 2 ns Delay Matching (Typical)

Under Voltage Lockout (UVLO) Protection for Drive
Voltage

Operating Junction Temperature Range of —40°C to
125°C

Output
Connection

VDD Supply for external power source

Figure 1. NCP51511 Evaluation Board
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NCV51511

ABSOLUTE MAXIMUM RATINGS

Pin Name Description Maximum Voltage Maximum Current
VIN DC Input Voltage 60V 5.0A
VOUT Regulated DC Output Voltage 28V 1A
VAUX Auxiliary Power Input 18V 05A
GND Ground - -

Stresses exceeding those listed in the Maximum Ratings table may damage the device. If any of these limits are exceeded, device functionality
should not be assumed, damage may occur and reliability may be affected.

NCV51511 EVALUATION BOARD USER TERMINALS

Pin Name Description
VIN Positive DC input voltage, 36 V to 60 V
GND Common power negative / signal returen
VOUT Regulated DC output voltage 28 V
VAUX Regulated DC output for Vpp auxiliary power
JP1 High side Input signal connection to the gate driver HIN
JP2 Low side Input signal connection to the gate driver LIN
JP3 Auxiliary power connection for supply Vpp both Sync buck controller and driver IC
Shorted : Sync buck and NCV51511 using auxiliary power output for VDD.
Open : Sync buck and NCV51511 using external power directly from the J3 Connector.
JP4 Auxiliary power input connection

ELECTRICAL CHARACTERISTICS (T = 25°C, 38 V < V| < 58 V, unless otherwise specified.)

Parameter Test Conditions Min Typ Max Unit
Input Voltage Positive DC input 37 48 60 \%
Input Voltage UVLO - 36 - \Y
AUX output voltage - 10.6 - \Y
Output voltage No Load Condition - 28.8 - \%
Full Load Condition - 28.5 - \%
Overcurrent Threshold - - 13 A
Soft Start Time - 20 - ms
Switching Frequency 190 200 210 kHz
System Efficiency 50% Load @ 48 V - 97.2 - %
100% Load @ 48 V - 97.0 - %

Product parametric performance is indicated in the Electrical Characteristics for the listed test conditions, unless otherwise noted. Product
performance may not be indicated by the Electrical Characteristics if operated under different conditions.

NCV51511

The NCV51511 is high side and low side gate—drive IC
designed for high—voltage, high—speed, driving MOSFETs
operating up to 80 V.

The NCV51511 integrates a driver IC and a bootstrap
diode. The driver IC features low delay time and matched
PWM input propagation delays, which further enhance the
performance of the part.

The high speed dual gate driver are designed to drive both
the high—side and low-side of N-Channel MOSFETs in a
half bridge or synchronous buck configuration. The floating
high—side driver is capable of operating with supply
voltages of up to 80 V. In the dual gate driver, the high side

and low side each have independent inputs which allow
maximum flexibility of input control signals in the
application. The PWM input signal (high level) can be 3.3 V,
5V or up to Vpp logic input to cover all possible
applications. The bootstrap diode for the high—side driver
bias supply is integrated in the chip. The high—side driver is
referenced to the switch node (HS) which is typically the
source pin of the high—side MOSFET and drain pin of the
low-side MOSFET. The low-side driver is referenced to
Vgg which is typically ground. The functions contained are
the input stages, UVLO protection, level shift, bootstrap
diode, and output driver stages.
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NCV51511

NCV51511
-~
HB 2 7 Vss
Thermal Pad
HO 3 6 LI
HS 4 5 HI
Figure 2. NCV51511 Pin Connection
NCV51511 PIN DESCRIPTION
Pin No. Pin Name Description
1 Vbbb Logic and low-side gate driver power supply voltage
2 HB High-side floating supply
3 HO High-side driver output
4 HS High-voltage floating supply return
5 HI Logic input for High-side gate driver output
6 LI Logic input for Low-side gate driver output
7 Vss Logic Ground
8 LO Low-side driver output
- Exposed PAD Connect to Pin 7 (electrical ground) and to a low thermal resistance path to the ambient
temperature environment.

Synchronous Buck Controller

To make the high side and low side input signal for
NCV51511 and use the close loop control for the
Synchronous Buck application, the evaluation board
utilized NCP1034. The NCP1034 is high voltage PWM
controller designed for synchronous buck DC/DC
applications with input voltage up to 100 V.

The switching frequency is programmable from 25 kHz
up to 500 kHz allowing the flexibility to tune for efficiency
and size.The operating frequency is set by an external
resistor connected from the Rt pin to ground.

The soft start time is set by capacitor connected between
SS/SD pin and ground this function is used for controlling
the output voltage slope and limiting start up currents.

To prevent over current condition, the NCP1034 has
Overcurrent Protection function. The programmed current
limit is set by external resistor between OCset and GND.
And the voltage drop across the low side MOSFET RDSON

www.onsemi.com

is connect through resistor and into OCin. Within the IC,
value is compared with the programmed overcurrent limit.

3

OCset[ 1]

FB [ 2]
Comp E
SSEETE
SYNC E
PGND E
LDRV [ 7|

DRVCC E

16] UVLO
15] RT
14] GND
13] oCIN
12] vee
1] vs
10] HDRV

E‘VB

Figure 3. NCP1034 Pin Connections
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NCV51511

NCP1034 PIN FUNCTION DESCRIPTION

Pin Pin Name Description

1 OCseT Current limit set point. A resistor from this pin to GND will set the positive and negative current limit threshold

2 FB Inverting input to the error amplifier. This pin is connected directly to the output of the regulator via resistor
divier to set the output voltage and provide feedback to the error amplifier

3 COMP Output of error amplifier. An extermal resistor and capacitor network is typically connected from this pin to
ground to provide loop compensation.

4 SS/SD Soft-Start / Shutdown. This pin provides user programmable soft start function. External capacitor connected
from this pin to ground sets the startup time of the output voltage. The conveter can be shutdown by pulling
this pin below 0.3 V.

5 SYNC The internal oscillator can be synchronized to an external clock via this pin and other ICids can be synchro-
nized via this pin to internal oscillator. If it is not used this pin should be connected via 10 kg resistor to
ground

6 PanD Power Ground. This pin serves as a separate ground for the MOSFET driver and should be connected to the
system(gs power ground plane.

7 LDRV Output driver for low side MOSFET

DRVVc This pin provides biasing for the internal low side driver. A minimum of 0.1 uF, high frequency capacitor must
be connected from this pin to power ground.

9 VB This pin powers the high side driver and must be connected to a voltage higher than input voltage. A minimum
of 0.1 uF, high frequency capacitor must be connected from this pin to switch node.

10 HDRV Output driver of rhigh side MOSFET.

11 Vs Switch Node. This pin is connected to the source of the upper MOSFET and the drain of the lower MOSFET.

12 Vee This pin provides power for the internal blocks of the IC. A minimum of 0.1 uF, high frequency capacitor must
be connencted from this pin to ground.

13 OCin Overcurrent sensing input. A serial resistor from this pin to drain of low MOSFET must be used to limit the
current into this pin.

14 GND Signal ground for internal reference and control circuitry

15 Rt Connecting a resistor from this pin to ground sets the oscillator frequency.

16 UVvLO An external voltage divider is used to set the undervoltage threshold levels.

In this board, the NCP1034 only make the high side and
low side input PWM signal and utilize close loop control
with protection function. So, the VS is connect with GND
and supplied voltage to VB directly.

If the engineers want to know more features or
performance of the NCP1034, refer to the datasheet.

Auxiliary Power Controller

EVB auxiliary power designed for power supply to both
VCC of the synchronous buck controller and VDD for
NCV51511 driver IC. This bock is also consist of DC/DC
buck converter. The auxiliary power controller used the
NCV33163 to cover the wide input voltage, which is
monolithic power switching regulators optimized for
DC/DC converter applications.

This device consist of two high gain voltage feedback
comparators, temperature = compensated reference,
controlled duty cycle oscillator, driver with bootstrap
capability for increased efficiency, and a shigh current
output switch. Protective features consist of cycle by cycle
current limiting, and internal thermal shutdown.

LVI Output E © 16

Voltage Feedback 2 E

Bootstrap Input

Switch
Voltage Feedback 1 E Emitter
a
GND

GND E

Timing Capacitor E
teo [
Ipk Sense E

Figure 4. NCV33163 Pin Connections

Switch Collector

ElzlElz]z]E]E]

E' Driver Collector

If the enginners want to know more features or
performance of the NCV33163, refer to the datasheet.

Jumper Setup

There are three jumpers on the EVB, with the help of
which the engineers to start setup EVB for testing. Table
below lists the purpose of the jumpers and their default
setup.

www.onsemi.com
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EVB JUMPER SETUP
Header Label Purpose Default

JP1 High side Input signal connection to the gate driver HIN Short

JP2 Low side Input signal connection to the gate driver LIN Short

JP3 Auxiliary power connection to the Sync buck controller and driver IC Short
Short : Sync buck and NCV51511 using auxiliary power output for VDD.
Open : Sync buck and NCV51511 using external power directly from the J3 Connector.

Typical Operation

The NCP1034 only make the high side and low side input
PWM signal and the NCV33163 control the regulated
voltage for power supply to both the Sync buck and gate
driver VDD.

Typical output signals of NCP1034 controller and VDD
regulated voltage are illustrated in Figure 5 when the JP1 and

File Velival Tirrebdse Tigger Display Cursuis  Medswie  Nalh o Aralysis

JP2 open condition. HDRV and LDRV pin are the signals
generated by the controller to drive NCV51511. The HDRV
make full turn on signal and the LDRV make minimum turn
on due to no feedback from the output voltage. The user can
confirm in this stage that the control signal and Auxiliary
power operate well.

Ullilizs  Help

Auxiliary Power Output Voltage

Low side PWM signal

P14req(C3)  PZmax(C1)  PIrms(CH)

Msasure
wvalue 102.1255 kHz 114V 224 my
status &y L L
5.00 Vidiv| 700 Vidiv|
5.05 V ullsel =400 1V ofsl

LeCroy

High side PWM signal

Pd:rmsiC*) P&:sdev(C4)  Pémaesn(C4]  PT:base(CA) P2:period(CA)

10,69V

-

112612016 2:28:48 AM

Figure 5. NCP1034 Controller Output Signals and Regulated Output Voltage of AUX Power

Measure the operating waveforms of NCV51511 input to
output signal when synchronous buck close loop control at
connect JP1 and JP2 as shown in Figure 6.
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dal Tirrebase Tiigyer  Display  Cwrsvis Measwe  Nalh o Aral Ullilizs  Help

LO 1 i
Maazure P1reg(C1) P2:duty(C1} P2:duty(C4) Ft-i rmsiCs)  Peisdev(CAy  Pémesn(T4)  P7:base(CA) P2:period(C4)
wvalue 191.9211 kHz 5871% 28I %
atatua LN i i
5.45 v ullsel -1505V olsl 5. 10V ullsel
LeCroy 11122/2016 3:55:1 PM
Figure 6. NCV51511 Input to Output Signal
The NCV51511 utilized high speed gate driving for To reduce the ringing phenomenon, the first step is to
synchronous buck and half bridge applications. In these optimize the PCB layout to reduce parasitic components of
applications, the ringing voltage occurred by parasitic the power path. And the second step is adding a series
inductance of the primary power path, consisting of the input resistor with the bootstrap capacitor to slow down the
capacitor and switching MOSFETs (Cgg). turn—on transition of the high side MOSFET.

File Werlical Tirrebase Trigyer Dizpldy Cursurs  Measwe  Nalh o Arc UlLlilizs  Help

HS wavefomes

o o e e fond P Momn e ey kg oy omer oy o Ay

Vout : 28 V

i H

lout: 10 A
Fy
Mezazure P1:reg(C2) P2:max{C1) P3:rms(C3) PiormsiC+)  PEsdev(CA)  Pémesn(C4]  PTbasa(C4) P2:period(C4)
wvalue 526V 2861 0.903 A
atatua il - - b
0.0 Vidiv| 7040 Vil

-28 60 V vlsl =300 1V alsl

LeCroy 1/26/2016 2:23:41 AM

Figure 7. Switching Node Waveforms at Full Load Condition
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Figure 8 presents the EVB line voltage response, where
the input voltage step changes with a slew rate 16 V / ms
from 40 V to 56 V, then back to 56 V to 40 V.

e

3

Measure P17reg(Ca)  PZimax(C1)  P3:rms(C3) P4rmsiCe)  POsdeviC4) PEmezn(C4]  PTibase(C4) FPaiperiod(C4)
vdlug 190.8044 kHz 1.0V 28.00V 4722V

S1atus o W L

5.00 Vidiv| 5.00 Widiv|
480 V offset]

1.00 ms/div) Norma
5.00 M5 500 MS/s) Edgz
Xi= 7780245 AX= 90396 ps
X2= 18.494 us 1A¥= 110624 kHz

I or Trigger

Figure 8. Line Response when Input Voltage Change 40 V to 56 V

alh

a
Measure P41 regiCa)y P2:max(C1) F3:rms(C3) F4:rmsiCey  POisdev(C4) FPl:mezn(C4] FTbase(C4) PS:period(C4)
vdlue 191.7091 kHz 1.0V 28453V 4561

status v L L W

5.00 Vidiv| 5.00 Vidiv
1 -1505V ofst]
1314 ¥

330mvy|

1.00 ms/di

5.00 M5 g
XK1= -778024s AX= 90396 ps
A2= 18494 45 1AX= 110624 kHz

112612016 3:27:46 AM

Figure 9. Line Response when Input Voltage Change 56 V to 40 V
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Figure 10 presents the EVB output load response, where
the output current step changes with a slew rate 40 A / ms
from 0 A to 10 A, then back to 10 A to 0 A.

Maazure P1-rag(C3) P2:max(C1) P3:rms(C3) Fd:rmsiCs)  PSisdew(T4)  Pé:mesn(C4) F7:base(CA) P8:period(C4)
value 11.0V 2858 Y 6.058 A
status iy » L -
5.00 Vidiv 5.00 Widlv) 10,0 Wiy
4 80V ulTsel =15 10V alsl 400 v ursl]
LeCroy I Trigger

Figure 10. Load Response when Output Current Change 0 Ato 10 A

Idlh

| q
Measzure P1-req(C3) P2:max{C1} P2:rms(C32) Pd:rmsiC+) P5:sdev(C4)  P6:mesn(C4) P7:baga(CA} P2:period(CA)
value 11.0V 2858Y 6082 A
atatus A b L L
5.00 Vidiv) 5.00 Vidiv! 0.0 Vil
4 80 v ullsel -15.10V ofsl] 400 mv ursl]

LeCroy [ 1o Trigger
Figure 11. Load Response when Output Current Change 10 Ato 0 A
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System Efficiency

Fig x presents the system efficiency of the EVB under peak system efficiency at heavy load condition.
different input voltage The EVB demonstrated that the Furthermore, the light load system efficiency is above 95%
300 W synchronous buck application can approach 97.2% when the output power around 50 Watt.

100
99
98
97 Q
S 96 4
oy
5 95
2
S
5 % e Efficiency at Vin 40 V..
E 93 ]
2 e Efficiency at Vin 48 V
175}
92 —
01 === Efficiency at Vin 56 V
90 |
S50W 100W 150W 200W 250W 300W

Output Power [W]
Figure 12. System Efficiency by the Input Voltage
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Figure 13. Synchronous Buck Converter Schematics
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LIST OF TEST POINTS

NCV51511

TP Reference Description

TPA VIN DC Input Power Supply

TP2 HS High Voltage Floating Supply Return

TP3 VOUT Regulated DC Output Voltage

TP4 HO High Side Driver Output

TP5 FB Regulated Output Feedback Voltage

TP6 LO Low Side Driver Output

TP7 HIN Logic Input for High Side Gate Drive

TP8 LIN Logic Input for Low Side Gate Drive

TP9 VDD Gate Driver Power Supply

TP10 AUX_FB Auxiliary Power Feedback Voltage

TP11 GND Ground

JP1 JUMPER 1 High Side Logic Input Connection

JP2 JUMPER 2 Low Side Logic Input Connection

JP3 JUMPER 3 Auxiliary power connection for supply Vpp both Sync buck controller and driver IC

JP4 JUMPER 4 Auxiliary power input connection
BILL OF MATERIALS

Reference Vendor Part Number Type Value PC/Board

C1,C6 SAMYOUNG KMG 100 V/ 470uF EL-Cap 100 V / 470uF 2
C3, C8, C19, C28 TDK C3216X7S2A225K160AB MLCC_3216 100 V/2.2uF 4
C4, C29 TDK C3216X7R2A104K160AA MLCC_3216 100 V /100nF 2
C9 TDK C2012CH1H222J085AA MLCC_2012 50V/2.2nF 1
C10,C18 TDK C2012X5R1E106M125AB MLCC_2012 25V /10uF 2
C11 TDK C2012C0G1H123J060AA MLCC_2012 25V /12nF 1
C12 TDK C1608X8R1E104K080AA MLCC_1608 25V /100nF 1
C13 TDK CGJ4C2C0G2A331J060AA MLCC_2012 50V / 330pF 1
Ci14 TDK C2012X8R1E224K125AA MLCC_2012 25V /220nF 1
C15,C16 TDK CGJ4C2C0G2A330J060AA MLCC_2012 50V /33pF 2
C17 TDK CGJ4C2C0G2A221J060AA MLCC_2012 50V /220pF 1
C20 TDK C2012X7R1H104K125AE MLCC_2012 25V /100nF 1
C21, C25 TDK C2012X7R1E105K085AB MLCC_2012 25V /1uF 2
C22 TDK C2012C0G1E103J060AA MLCC_2012 25V /10nF 1
C24 TDK C2012 COG1E101J060AA MLCC_2012 25V /100pF 1
Cc102 SAMYOUNG 16 V/ 100uF EL-Cap 16 V/ 100uF 1
C2,C5, C7, C23, - OPEN OPEN 9
C26, C27, C30,
C101, C103
D1, D3 DIODES DFLS1100 SMD 100V/1A 2
D2 ON MMSZ18VCF SOD 123 18 V Zener 1
D4 ON MM5Z56V SOD 123 56 V Zener 1
L1 Coilcraft SER2918H-153 SMD 15uA 1
L2 TDK CLF10040T-221M SMD 220uA 1
Q1,Q2 ON FDMS86101 POWER 56 100V /60 A 1
R1 Yageo RC0805JR-07114RL CHIP_R_2012 110K 1
R2 Yageo RC0805JR-07333RL CHIP_R_2012 33K 1

www.onsemi.com
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BILL OF MATERIALS

NCV51511

Reference Vendor Part Number Type Value PC/Board

R3 Yageo RC0805JR-07182RL CHIP_R_2012 1.8K 1
R4,R8 Yageo RC0805JR-074R7RL CHIP_R_2012 4.7R 2
R5 Yageo RC0805JR-07392RL CHIP_R_2012 3.9K 1
R6 Yageo RC0805JR-07152RL CHIP_R_2012 1.5K 1
R7 Yageo RC0805JR-07123RL CHIP_R_2012 12K 1
R9, Yageo RC0805JR-07203RL CHIP_R_2012 20K 1
R10 Yageo RCO0805JR-07472RL CHIP_R 2012 4.7K 1
R11, R12, R17 Yageo RC0805JR-07103RL CHIP_R 2012 10K 3
R13, R14, R18 Yageo RC0805JR-07100RL CHIP_R_2012 10R 3
R15, R21 Susumu RL1632R-R0470-F CHIP_R_3216 0.47R 2
R16 Yageo RC0805JR-07124RL CHIP_R_2012 120K 1
R19 Yageo RCO0805JR-07163RL CHIP_R_2012 16K 1
R20 Yageo RC0603JR-07000RL CHIP_R_1608 OR 1
R22, R24 Yageo RC0805JR-07000RL CHIP_R_2012 OR 2
U1 ON Semiconductor NCP1034 1
U2 ON Semiconductor NCV51511 1
us ON Semiconductor NCV33163 1
JP1, JP2, JP3, Hirose Electric A2-40PA-2.54DSA Jumper 4
JP4

J1,J2 MOLEX 5268-07 Connector 2
J3 MOLEX 5268-02 Connector 1

www.onsemi.com
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Drawings of Layers

3

2018.01.29
Input voltage : 48 Vv
Output : 28 Vv 7 10 A

]
]

J3External Auxiliary Power @ Max, 1S V) @

Figure 14. Top View
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Figure 15. Bottom View
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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 is an Equal Opportunity/Affirmative Action Employer. This
literature is subject to all applicable copyright laws and is not for resale in any manner.

The evaluation board/kit (research and development board/kit) (hereinafter the “board”) is not a finished product and is not available for sale to consumers. The board is only intended
for research, development, demonstration and evaluation purposes and will only be used in laboratory/development areas by persons with an engineering/technical training and familiar
with the risks associated with handling electrical/mechanical components, systems and subsystems. This person assumes full responsibility/liability for proper and safe handling. Any
other use, resale or redistribution for any other purpose is strictly prohibited.

THE BOARD IS PROVIDED BY ONSEMI TO YOU “AS IS” AND WITHOUT ANY REPRESENTATIONS OR WARRANTIES WHATSOEVER. WITHOUT LIMITING THE FOREGOING,
ONSEMI (AND ITS LICENSORS/SUPPLIERS) HEREBY DISCLAIMS ANY AND ALL REPRESENTATIONS AND WARRANTIES IN RELATION TO THE BOARD, ANY
MODIFICATIONS, OR THIS AGREEMENT, WHETHER EXPRESS, IMPLIED, STATUTORY OR OTHERWISE, INCLUDING WITHOUT LIMITATION ANY AND ALL
REPRESENTATIONS AND WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, TITLE, NON-INFRINGEMENT, AND THOSE ARISING FROM A
COURSE OF DEALING, TRADE USAGE, TRADE CUSTOM OR TRADE PRACTICE.

onsemi reserves the right to make changes without further notice to any board.

You are responsible for determining whether the board will be suitable for your intended use or application or will achieve your intended results. Prior to using or distributing any systems
that have been evaluated, designed or tested using the board, you agree to test and validate your design to confirm the functionality for your application. Any technical, applications or
design information or advice, quality characterization, reliability data or other services provided by onsemi shall not constitute any representation or warranty by onsemi, and no additional
obligations or liabilities shall arise from onsemi having provided such information or services.

onsemi products including the boards are not designed, intended, or authorized for use in life support systems, or any FDA Class 3 medical devices or medical devices with a similar
or equivalent classification in a foreign jurisdiction, or any devices intended for implantation in the human body. You agree to indemnify, defend and hold harmless onsemi, its directors,
officers, employees, representatives, agents, subsidiaries, affiliates, distributors, and assigns, against any and all liabilities, losses, costs, damages, judgments, and expenses, arising
out of any claim, demand, investigation, lawsuit, regulatory action or cause of action arising out of or associated with any unauthorized use, even if such claim alleges that onsemi was
negligent regarding the design or manufacture of any products and/or the board.

This evaluation board/kit does not fall within the scope of the European Union directives regarding electromagnetic compatibility, restricted substances (RoHS), recycling (WEEE), FCC,
CE or UL, and may not meet the technical requirements of these or other related directives.

FCC WARNING — This evaluation board/kit is intended for use for engineering development, demonstration, or evaluation purposes only and is not considered by onsemi to be a finished
end product fit for general consumer use. It may generate, use, or radiate radio frequency energy and has not been tested for compliance with the limits of computing devices pursuant
to part 15 of FCC rules, which are designed to provide reasonable protection against radio frequency interference. Operation of this equipment may cause interference with radio
communications, in which case the user shall be responsible, at its expense, to take whatever measures may be required to correct this interference.

onsemi does not convey any license under its patent rights nor the rights of others.

LIMITATIONS OF LIABILITY: onsemi shall not be liable for any special, consequential, incidental, indirect or punitive damages, including, but not limited to the costs of requalification,
delay, loss of profits or goodwill, arising out of or in connection with the board, even if onsemi is advised of the possibility of such damages. In no event shall onsemi’s aggregate liability
from any obligation arising out of or in connection with the board, under any theory of liability, exceed the purchase price paid for the board, if any.

The board is provided to you subject to the license and other terms per onsemi’s standard terms and conditions of sale. For more information and documentation, please visit
www.onsemi.com.

PUBLICATION ORDERING INFORMATION

LITERATURE FULFILLMENT: TECHNICAL SUPPORT
Email Requests to: orderlit@onsemi.com North American Technical Support: Europe, Middle East and Africa Technical Support:
Voice Mail: 1 800-282-9855 Toll Free USA/Canada Phone: 00421 33 790 2910
onsemi Website: www.onsemi.com Phone: 011 421 33 790 2910 For additional information, please contact your local Sales Representative



%20http://www.onsemi.com/
https://www.onsemi.com/site/pdf/Patent-Marking.pdf

