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Register Configurable

Single-phase BLDC Motor

Driver Evaluation Kit

Overview
This Evaluation Kit is designed to provide an easy and
quick development platform for LV8324C, single—phase
BLDC motor control applications.
This device has the following unique features.
+ Communication mode using a standard fan inter
face (PWM and FG)
+ Control parameters change on—the-fly
+ Digital emulation of an input PWM duty cycle
+ Store the parameters and configurations to the
on—chip nonvolatile memory

To activate these features, the mother board with a
microcontroller is included in the kit, which communicate
via USB with the PC based graphical user interface (GUI),
and via PWM — FG with the device. The kit consists of:

1. The Motor Driver Evaluation Board (EVB)

2. Mother Board

3. USB Cable Type A to Mini B

4. Graphical User Interface Software
(download from the web site)

ON Semiconductor®

WWwW.onsemi.com

EVAL BOARD USER’S MANUAL

GUI ver. 0.3.0.0
FW ver. Flash_LV83xx_1p3

Quick start

The evaluation board is programmed to work standalone
without PC. The following procedure allows the operation
of most motors with the default parameters that are
preloaded into the device.
step 1. Connect a motor to J3
step 2. Connect PWM signal to the pin labeled “PWM”
step 3. Connect a power supply to Power pin.
step 4. Turn on power supply
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Figure 1. LV8324C Evaluation Board
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HARDWARE DESCRIPTION

NAME AND FUNCTION

1. Daughter board The main board which works standalone (without the mother board)
2. Mother board It contains a microprocessor to communicate with a graphical user
interface (GUI) program running on a PC.
3. Power pin Main power input pin
4. Connector J3 Motor windings and signals related Hall
5. Pin PWM PWM input (Do not connect anything when GUI is used.)
6. Pin FG FG output (Do not connect anything when GUI is used.)
7. Connector J1 on the mother board USB connector (mini)
8. IC Ul LVv8324C
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Figure 2. Connectors and Key Parts
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Power Supply JP1 and JP2 Settings

Power pin is the main power supply pin. The outputs of When EVB is combination with the mother board, JP1
a power supplier will be connected to this pin. The boards must set to 3—4 short, and JP2 must set to 1-2 short. Please
can handle the operating supply voltage range. refer to Figure 5 and Figure 6.

Figure 3. Main Power

Motor
J3 is the motor connector.

Pin # Silk Label Connected to
1 ouT2 motor winding 2
— Figure 6. JP2 Setting
2 OUT1 motor winding 1
3 IN2 Hall signal + External PWM Input
7 NI - When EVB is attached to the mother board, the external
Hall signal - . . . .
PWM signal must not input to PWM pin as shown in
5 GND ground Figure 7. If the external PWM pulse inputs to PWM pin in
6 HB Hall bias this  situation, signal generator conflicts with

microprocessor and EVK may be broken. The external
PWM input and the GUI communication are exclusive use.

If the external PWM pulse inputs to PWM pin directly,
detach the mother board from EVK to prevent the
microprocessor damage.
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Figure 7. The External PWM Signal Input to EVB Combination with the Mother Board
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GRAPHICAL USER INTERFACE PROGRAM

This evaluation kit turns most motors with the default
settings out of the box. The strength of this device however,
lies in its flexibility to be optimized for each individual
motor or user requirement without electrical circuit change.
The relevant parameters inside the IC are accessed through
UART interface. A graphical user interface (GUI) program,
running on a Windows PC (Windows 7 and Windows 10) is
available to access these parameters. Please note that the

system running this program requires .NET Framework
45.1. By using this program, users can tweak the
parameters, select the features and monitor the motor status.

User Interface Overview
After program launch, the main window of the GUI
appears. It is subdivided into the following areas.

Intelligent Motor Driver Evaluation GUI by ON Semiconductor

Selected [1 Speed [RPM]
LV8324C O PwWM IN

11:1%:51.37 11:1%:54.70

3 100 ms Speed: min: 0, max: 20000 lce: min: 0, max:...

Mode

Standby START DEMO

® Run

Interval time:

500ms

Step of duty cycle change:
3.1%

S ——
"DUTY_reg'], value: 224
mmand "Stop Demo' has

o e ¥
6 Register ['@x0115",

been sent

2]~

Input PWM

Cannected (COM3)

Disconnect

PowerOFF

Locked rotor
11:19:58.02 Rotor stop
Owver current

RDA

] 876% .

Update Value

DEVICE:
LWa324C

verd.0
Open loop
On-chip driver
1A

Figure 8.

A: Product Selector

Selects the ON Semiconductor IC to be controlled with this GUI

B: Oscilloscope
Displays various system relevant signals over time

C: USB Connection Box and Power OFF button

Manage the USB connection between Computer and EV-Kit and turn it off with terminating the communication

D: Fault Register
Displays detailed system faults

E: Identify Device
Shows device P/N and feature

F: Manipulation Window

Allows motor control and real time access to system parameters

G: Event Log displays

Relevant system messages for debug purpose
H: Event Log Control

Clears or saves the system messages

www.onsemi.com
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GUI Installation

Program installation is required for first time use. The
installation is described in “Device Driver and Program
Installation”. Administrator rights are necessary.

Basic GUI Operation
These basic instructions explain how to:

1. Setup the board

. Start the GUI

. Link the board

. Oscilloscope

. Command Window

. Fault Messages

. Configuration Window

. Register Map Window

O ~NO O WN

1. Setup the Board

A motor and power supply should be connected as
described in Figure 1 and connect USB cable to connector
J1 in Figure 2 and PC’s USB port. When USB cable is
connected to the PC, the mother board controls the power
not to go to a motor then the motor stops the rotation. If it is
the first time to connect the board by USB, the device driver
installation is required. See “Device Driver and Program
Installation”.

2. Start the GUI

The program is started from “Start
ON Semiconductor > Motor Driver Evaluation”.
program will start when “LV8324C_EVK” is selected.

menu >
The

3. Link the Board

The software should find the COM port with the Arduino
Micro on its own and list it in the connection box above the
button. By clicking the “Connect” button, the
communication between PC and the board begins. If the link
was successful, the message “Connected (COM#)” is shown
above the button. Where the COM# is the name of
USB-COM port, and the button text is changed to
“Disconnect”.

Arduino Micro (CO... ~

Disconnected Connected (COM20)

If the message “Disconnected” is still shown above the
button the link failed. Sometimes this happens if the USB
installation has not finished. A port re—scan can be initiated
by clicking the circular arrow button at upper right of the

window.
.
"

This searches the board through the USB ports again. The
“Connect” button should be re—tried afterwards.

If the power or USB connection is interrupted the GUI will
return into “Connect” mode.

B —

While the GUI and board are disconnected, the board runs
by itself. “Power OFF” button also turns off the power with
terminating the communication between GUI and IC.

4. Oscilloscope

Operation
An oscilloscope type graphic window (B) is provided
which can plot the following values:
e the motor speed,
e the input PWM duty cycle,
o the lead angle
o the soft switch depth.

For example, to monitor the motor speed:
1. Check the check box “Speed [RPM]”

O speed [RPM]
W PwM IN [3%]

| i

2. Select vertical axis scale if needed

Speed: min: 0, max: 30000

Speed: min: 0, max: 40000 I
Speed: min: 0, max: 30000

Speed: min: 0, max: 20000

Speed: min: 0, max: 10000

Speed: min: 0, max: 5000

Speed: min: 0, max: 2000

Speed: min: 0, max: 1000

Speed: auto

3. Click play button

4. Click “Run” button

Save Data

The oscilloscope also includes a recoding function. The
CSV button exports data in a .CSV (comma separated
values) format file.

[ - i}'.

The file can be read with Microsoft Excel. The maximum
data length is 5000. The sampling interval can be changed
by the up—down menu next to the play button. All data traces
are exported into the .CSV file, even if they are not
displayed.

www.onsemi.com
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A screen copy function is also provided. It supports JPEG,
JPEG FIF and PNG. Its button is located next to the CSV
button.

5. Command Window

WL Config.  RegMap / NVM
Demo

Self-run automatic demo mode is provided. Clicking
“START DEMO” mode, the input PWM duty cycle will
applied. Its duty cycle is automatically ramped up and down
between 0% and 99.6%. The up down time interval and duty
cycle step can be selected.

When the “STOP DEMO” button is clicked, increment or
decrement of duty cycle is stopped.

START DEMO

Interval times:

100ms v

Step of duty cycle change:
0.4% -
0.4%

0.8%
1.6%
31%

PWM Duty Cycle Manipulation

The software (register) PWM duty cycle can be changed
with the slider bar or number. When the “Update value”
button is clicked, the duty cycle value on the panel will be
send to the device.

Input PWM

| 00% -

Update Value

Run/Stop a Motor

While the GUI is connected with the EVB by the
“Connect” button, the device is in communication mode. It
might be useful to activate motor driver output in this
communication mode. The radio button “Standby”
inactivates the output, and “Run” activates the output.

Mode
® Standby

Run

6. Fault Messages
While connected, the GUI will display real time system
fault messages in the Fault Register (D).

Locked rotor
Retor stop
Cher current
RDA

Following is a list of the faults and possible remedies:
® | ocked Rotor alerts the locked rotor situation.
The motor doesn’t rotate unexpectedly
e Motor stop indicates that a motor stops
e Qver current alerts that the over current fault is detected

® RDA alerts that motor rotational speed is lower than the
defined threshold

7. Configuration Window

Command [EeLi-R ReghMap / NVM

When the tab named “Config”. in the area (F) is selected,
the parameters and functions can be set. The each serial port
register is titled by its name specified in the data sheet with
a brief description. For some of multiple bit registers, the
three—way input method is provided. It can be set with a slide
bar, physical value or direct code. The tabbed windows have

“Edit mode” button to change the values and settings.

And, once the “Update value” button is clicked, the
registers will be updated. And, the profile linear
interpolation will be recalculated.

Update values

After update, the settings on this window can be write to
the nonvolatile memory in the device with the “Write to
NVM” button in Register Map Window. Refer the “Register
Map Window” for the detail.

Cancel

www.onsemi.com

6


http://www.onsemi.com/

EVBUM2683/D

8. Register Map Window

The parameter settings modified in “Configuration
Window”, are applied to the device registers. In this window,
the register map is shown, reading back from the device
registers. Where the cell color

® green represents 1

® white represents 0

® dark red represents 1 of a read—only register
® pink represents 0 of a read—only register

Whenever the bit cell is clicked, 1 and 0 is toggled.
Clicking over the register address or name cell, the byte
based modification is activated.

For use of next time, the register map can be saved to
a CSV file with “Export” button. Optionally, you can add
a short note in to the first line of the CSV file with the
“Export comment” text box before saving the file. The CSV
file name character requires ASCII code.

Export comment
motor A

Save register map

Export to file

And, the “Import” button loads the register map values
from a CSV file to the device registers directly.

Load register map

Import from file

The format of imported CSV file has to be same as the
format exported CSV file from this GUI.

After the parameter optimization, the setting can be stored
into the nonvolatile memory (NVM) in the device by “Write
to NVM” button in this page. Please notice that NVM
operation needs 14 V supply voltage at least and runs at
room temperature. When “Write NVM” succeeds, the
message “Pass!” is shown as below.

Show values

Comment

Save register map

Export to file
Load register map

Import from file

Write to NVIM

MVM Programeming:
Pass!

MYM Result Clear

When other messages are shown, NVM programming is
failed. In this case, check the operation and the GUI
communication again.

www.onsemi.com
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EXAMPLES

Speed Profile
As an example, the speed profile is checked with the
following parameters, using LV8316H.

The parameters are:

Duty cycle low side: 3.5%
Duty cycle high side: 78.0%
Target speed min.: 1,030 rpm
Target speed max.: 2,160 rpm

At lower duty cycle: stop
At higher duty cycle: max. speed

Procedure:

. connect

. click play button of the oscilloscope
. click START DEMO bhutton

. wait for the duty cycle gets to 100%
. save plots as a csv file

. open csv file by Microsoft Excel
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Step of duty cycle changa:
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o
[s]

SPEED [rpm]
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o
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o
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T T T T ]
0 20 40 60 80 100
Input Duty Cycle [%]

The spike at the lower duty cycle point is overshoot at start
up.

Communication Data Corruption

There is a limitation in the motor speed plot. Due to the
timing of the read operation from the speed registers, it
shows abnormal speed change. But, an actual motor and
a device don’t work abnormally.

DEVICE:
LVE3LEH

ver2.0
Closed loap
Cn-chip driver
28

Example demo

O Speed [RPM]

13:58:20.26 13:58:23.56

Speed: min: 0, max: 2000

13:58:26.87 135583017
oy

Communication data corruption

Figure 9.

www.onsemi.com



http://www.onsemi.com/

EVBUM2683/D

DEVICE DRIVER AND PROGRAM INSTALLATION

1. In case of the version up of this program, uninstall
older version
a. Open Start menu > Control Panel > Programs
and Features
. Find “LV8324C_EVK”
. Click right
. Select “Uninstall/Change”
. Select “Remove the application from this
computer”
f. Clik “OK”
2. Unzip the program package
3. Connect the power supply to the EVB
4. Connect the EVB to the PC using the USB cable.
Steps 5 to 13 show the driver installation
procedure. It is required only for the first time
when the “ON Semiconductor Motor Driver
Evaluation Board” is connected to the USB port
5. The Windows OS will try to install driver on its
own. Wait for 5-10 minutes. Installation will fail
6. Click on the Start Menu, and open the Control
Panel
7. Open the Device Manager
8. If “Arduino IDE” has already been installed, either
under “Ports (COM & LPT)” or “Other Devices”
you should see an open port named “Arduino
Micro”.
If not, “USB Serial Device” can be found in either
under “Ports (COM & LPT)” or “Other Devices”.
In this case, you should find the port connected to
“Arduino”

D QO O T

.
File Action View Help
Lol 2iolll 7 Bl
4 [ FGEVTGL1
23 Batteries
» 12| Biometric Devices
18 Computer

1 Disk drives
» B Display adapters
> i DVD/CD-ROM drives
0% Human Interface Devices
> ¢ IDE ATA/ATAPI controllers
%’ Imaging devices
5 ¥ Intel WiUSB
p-&D Keyboards
S Mice and other pointing devices
b A Monitors
a & Network adapters
¥y, Cisco AnyConnect Secure Mobility Client Virtual Miniport Adapter for Windows 164
¥y, Cisco Systems VPN Adapter for 64-bit Windows
Intel(R) 82579LM Gigabit Network Connection
&* Intel(R) Centrino(R) Advanced-N 6205
Microsoft Virtual Wiki Minipert Adapter
x* Microsoft Virtual WiFi Miniport Adapter #2
Other devices

-|f7 Arduine Micro

» 5" Ports (COM & LPT)

b 2 Processors

b {19 Security Devices

b % Sound, video and game controllers
> {8 System devices

> i Universal Serial Bus controllers

9. Right click on the “Arduino Micro” or “USB
Serial Device” port found in #8 and choose the
“Update Driver Software” option

a. If the update driver software option is not
available, then the Windows OS is still trying
to install the driver on its own. Please wait till
the OS finishes self-try

10. Next, choose the “Browse my computer for Driver
software” option

11. Finally, navigate to and select the driver file
named “arduino.inf”, located in the “Drivers”
folder

Application Files

. Drivers
A Flash_LVE8651_0p7.exe
F LVBSGSLEVK application
& setup.exe

12. Windows will finish up the driver installation from
there
13. When the installation is successful, the recognized

Arduino Micro port with the port number is shown
in the Device Manager

=4 Device Manager

File Action ‘iew Help

a2 || HE|E

4 = FGEVTG-L1

> 459 Batteries

|2 Biornetric Devices

.78 Computer

b Disk drives

&, Display adapters
i) DVD/CD-ROM drives
0% Human Interface Devices

g IDE ATAJATAPI contrallers

b -5 Imaging devices

b Intel WillSB

b -G Keyboards

b B Mice and ather pointing devices

b & Monitors

4 %P Netwark adapters
¥} Cisco AnyConnect Secure Mobility Client Virtual Miniport &dapter for Windows x64
¥} Cisco Systerns WPN Adapter for 64-bit Windows
¥ Intel(R) 82579LM Gigabit Metwark Cannectian
ok Intel(R) Centrino(R) Advanced-M 6205
CF Micrasoft Wirtual WiFi Miniport Adapter
BF Microsoft Virtual WiFi Miniport Adapter #2
273 Ports (COM & LPT)

-1 Arduing Micro (COMLT)
7 Intel(R) Active Management Technology - SOL {COM3)
- J2¥ Processors
- [J® Security Devices
..%| Sound, video and game contrallers

a.{8 System devices
il 3rd Gen Core processar DRAM Controller - 1154
ACPIFixed Feature Button
ACPI Lid
ACPI Sleep Button
ACPI Thermal Zane
Composite Bus Enumerator

k| Direct memaory access controller
B Docking Station
18 Docking Station
B High Definition Audio Controller

14. Run setup.exe of the installation package

. Application Files
Drivers
B Flash_LVE8651_0pT.exe
F LVB8651EVK application

‘g"- setup.exe

15. Launch the program

www.onsemi.com
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PROGRAMMING THE MCU

When the firmware of the on-board MCU must be
updated, following steps are to be followed. Basically, the

firmware is pre—loaded before shipment.
i. Ensure that the EVB is powered up and the USB
cable is connected
ii. Note down the COM port number of the Arduino
Micro from the Device Manager window

&= Device Manager

File Action Wiew Help
=@ HE e
a L2 FGEYTGE-LL

.29 Batteries

» {2 Biometric Devices

. {8 Computer

1y Disk drives

, B2 Display adapters

b i) DVDFCD-ROM drives

& 25 Human Interface Devices

b g IDE ATASTAPI contrallers

b 5 Imaging devices

b P Intel WillSB

b2 Keyboards

b - Mice and other pointing devices

o B Monitors

y etwark adapters

3 Cisco AnyConnect Secure Mobility Client Wirtusl Miniport Adspter for Sindous <64
3 Cisco Systerns VPN Adapter for 64-hit Windaws
LF Intel(R) 82579LM Sigabit Metwork Connection
Intel(R) Centrina(R) Advanced-N 62035

SF Wlicrosoft Wirtual WiFi Miniport Adapter

mF Microsoft Virtual WiFi Miniport Adapter #2
Ports (COM & LPT)

T2 Arduine Micra (COMIT)

T Intel(R) Active Management Technalogy - SOL (COM3)
3 rocessors

» o[ 2P Security Devices

> 2y Zound, video and game controllers

4 M Spstern devices

B 3rd Gen Core processor DRAM Controller - 0154
B ACPIFixed Feature Button

B ACPILId

K ACPI Sleep Button

K ACPI Thermal Zone

| Composite Bus Enumeratar

B Direct memary access contraller
B Docking Statien
Dacking Station
B High Definition Audio Contraller

iii. Launch “Flash_LV83xx_1p3”. (The name of this
file will be changed based on the revision.)
Or, for the Serial Communication Tool,
“Flash_LV83xx_1p3” is required

iv. Two windows will open

5 LV8907 v3.23 EVAL Board v0.2 - == =)
| |

v. Select the COM port from the drop—down menu to
ensure that it matches with the COM port as noted
in step (ii)
vi. Click “Flash”
vii. Programming of the on—board MCU is initiated

B C:A\Users\fgbytg\Desktop\LVBIOT_ArduinoMicro\Flash_v3.22_LV8907_EVAL_Board 0.3 MICRO.exe e =l

purdude.cxc: 9294 bytes of Flash uritten
rdude exe: vorifying flash monopy against CriUsors\Pgbyte™appDataslocalsTenp
x:

v3_2_ATmegad2li4.cpp.hex ¢
Aowidinda.cxe s reading snochip flash e
RN R

[Reading i 188x 8.38s

aurdude .exe :
avrdude .exe :

verifyin
9594 Bytas of Flash verified

laurdude - ex

e
safenode: Fuses

avrdude . e x

aurdude .exe done. Thank you.

In case programming fails, unplug and re-plug the board,
and re—launch the application. It may be because the
required driver was not installed during first attempt.

viii. If the user want to program the MCU with their
own source code, then use the on—board ICSP
interface (refer schematic in Appendix A) to
program the MCU with an external programmer

WWW.onsemi.com
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APPENDIX A SCHEMATIC

= -
o o e
Wwim = T a |
zZ[z © EE oo
w o= o -1 » -|
w om I
= [ 1
<
g i 10an
___________________________ T RN
— 2oEoam ol
@@ E :Lﬂ
[i=]

=
o
. ||:=;
= i
r=d-q =
[ =
omo =
PoE £ =
I E i 1
bog s |
| [=] )
oo |—||' = .
1
H a H = :ul .-|| h"'\—f l
[ | T - -
- 7] N o
L = o 2= 5 a u:|
1o ! - o = F
[ o X el I T, -
1B g ] o
1 m o1 '}
- i
[ u.
[ = =
[ )
T
[ 8
oot
! ! E
1 1
\=
Lo--d B
1
L b
W
%]
—
=
st ~
— ; = a’
=] -
Q- B H o
= o ook P 3
I_C\I o £ .~
z =
< T °
=
=]
1=
|':|n
L |—————————————=
T i |
I = MLOCNOL ML L |
b [one o] | EEh A —An——]l
(] - - I Tk ¥l |
GO4ZE 2Ol @
=z
Vs T AR |
90 E04IT 80y M0 D
L 11 | S Ha |
O L0 L0 AT Tr{EL0Z0L Dl | :'l"!"_ ar== |
. 99 PRI e L I MU0 CNOL MO MO |
- - I —l
::} 60 SHAAZ VORI ZLO| | ki :
OLE B 08y Fr]LB4Z) ELO | L’F_'D |
o e AL P . " | L0 HETD MALTO WL |
O LB e dlEl r{ERALL FLD — i |
ql— - zl.“:.’:"::zt—‘l Tzﬁ.—.r_\l-:*l. 57 | === L L |
o ELD ZAND| -8 b SOND BLO I:_ ASTE |
(ap] Jvie tansl b—{rans riol L o ____ |
(s8] §L0 23 i | VB BLDl
= As1e raaesl— —odde 6Lol— o
h o =
- LD Bdd EAND 0Z0| —e—a—a] o
- - L | o= - m
{010 saamsl AR = esb S| E[Z 5 ]
: al n
BLE b B b ZOND 22O u
-
rd 'Z‘Zﬁlunf_\?—y Tgc HALZE I 5 g
: n W
b2 0 dbFl b LAND P20l & i :.
=
F]ET 8dl | M LRBD| . u...' =
EZE  OND) aNe  8Z0 g B
L 3 Bk I Tl bl I 5 @
: bdd
Figure 10.

All brand names and product names appearing in this document are registered trademarks or trademarks of their respective holders.
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onsemi, ONSEMI, 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.

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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