LV8702VSLDGEVK

Stepper Motor Driver
Module Solution Kit
Quick Start Guide

Overview

The LV8702VSLDGEVB is an ON Semiconductor motor driver
module featuring the LV8702V. This module is capable of easily
driving a stepper motor.

Motor driving is made easy with Arduino Micro!) compatibility.
The LV8702VSLDGEVB comes with a Baseboard for facilitated
plug—and-play connectivity with an Arduino Micro.

GUI and Open-source API Functions are available for custom,
user—specific motor driving programs.

Features

® VCCpax =36V, [0pax = 2.5 A2
(between OUT_A and B, between OUT_C and D)

® 24 V Applications Recommended (VCC = 9~32 V Max)

® Rotation of the Motor is Controlled by a Single Pulse Signal, which
is Advantageous for Smooth Driving (Micro-step) and Rotating
at High Speed Rotation

® 4 Patterns can be Set for Full, Half (2 Patterns) and Quarter Step

® High-efficiency Drive that Adjusts the Current to the Optimum
Current according to the Motor Load and Rotational Speed
(in Half, Quarter Step Setting)

® The Reduction of Power Consumption, Heat Generation,
Vibration and Noise is Achieved

® User—friendly GUI Allows Operation Check and Sample Program
Generation

For further product information, please visit:
http://www.onsemi.com/PowerSolutions/product.do?id=LV8702V

1) Arduino/Genuino are trademarks registered by Arduino AG.

ON Semiconductor®

www.onsemi.com

EVAL BOARD USER’S MANUAL

Figure 1. LV8702VSLDGEVB Board

Figure 2. ONBB4AMGEVB Board with
Arduino Micro and LV8702VSLDGEVB
Board

2) Stress exceeding this voltage or current may risk damage to the device. Functionality and reliability may be hindered if the device exceeds
these values. The maximum current value, IOmax, does not guarantee the module can handle that much current. If the device overheats,

thermal shutdown will occur.
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WHAT YOU NEED
e PC
Recommended OS: Windows 7/Windows 10, 64 bit
Connected to the Internet
(Only for “Including the TimerOne Libary” on Page 3)
Arduino IDE 1.8.4 3) Installed
User with an Administrator rights
® Power Supply
AC Adapter  Output voltage: 9~32 V
Output current: ~5 A
Connector specification
Polarization: Positive Center
Inner diameter = 2.1 mm, outer diameter = 5.5 mm
Recommended: WSU120-1000 (Triad Magnetics)
or stabilized DC power supply, dry cell battery, etc.

CONTENTS OF THE KIT

Hardware

o [V8702VSLDGEVB: Motor driver module
ONBB4AMGEVB: Baseboard

Arduino Micro

USB Cable (Micro B-A)

Flat—tip Screw Driver

Stepper motor MDP-35A
(Nidec Seimitsu, Step angle= 7.5 deg, 12 V/ 300 mA) 1 pc

Software

All of the following files are included in LV8702VSLDGEVK Software (English) that is available on the website of the
following links.
http://www.onsemi.com/PowerSolutions/evalBoard.do?id=LV8702VSLDGEVK

software_Package_for LV8702_Meodule_Kit

— || Readme.txt
— €2 arduino-1.8.4-windows.exe - - - Arduino IDE Installer

— | ON_MD_Module_Kit_GUI

i['f}' OMN_MD_Meodule_Kit_GUILmsi

- setup.exe ... GUIl as well as .NET Framework4.6.1 Installer
, DotNetFx461 ... .NET Framework4.6.1 Related Files
— . LVB702_APILibrary ... API Library
— & LV8702_Program.ino ... GUI - Arduino Firmware

3) Contents of kit may not be compatible with different versions. Please see the Appendix attached if specified version is not installed

www.onsemi.com
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Software Setup
Please download
LV8702VSLDGEVK_SOFTWARE.ZIP and expand
software_Package_for_LVB702_Module_Kit o any

directories (E.g. Libraries\Documents or Desktop).

. Favorites ) Software_Package_for LVB348_Module_Kit
4. Downloads
| Recent Places | _

Desktop
— Libraries
@' Music

API Library
The following process should be operated with the
Arduino Micro disconnected.

1. Double click on the Arduino sketch for GUI
@' Lv8702_Program.ing
This will launch the Arduino IDE.

(Check the Appendix, “Arduino IDE Installation”,
if the Arduino IDE is not installed)

The IDE will display the following message when
the LV8702_Program.ino file is opened for the
first time. Click “OK” to continue.

Maoving @

The file "LVB548_STEP_Program.ino” needs to be inside
a sketch folder named "LVE548_STEP_Program.ino”.

Create this folder, mowve the file, and continue?

Cancel

This message will be displayed if the .ino file is
not inside of a folder with the same name.

(E.g. Sketch12345.ino must be in the Sketch12345
folder).

2. Include the API Library
As shown below, navigate to “Sketch — Include
Library — Add .Zip Library”

i LVOIHO_L_FIUYTAIT | ATUUING Low . Lib
File Edit Tools Help B
Werify/Compile Ctrl+R | Add ZIP Library...
Upload Ctrl+L) o
Lva54d i . Arduino libraries
Upload Using Programmer  Ctrl+5Shift+L B
I |#ing Export iled B Ctrl+Alt+S
N xport compiled Binary tl+Alt+ EEPROM
3// 4 Show Sketch Folder Ctrl+K Esplora
4 Include Library ) Ethernet
SLib aggr i
ile... Firmata
£
- HID
7void setun() |

*Some screen captures are taken from different motor driver modules

The following window will appear. Select the
“LV8702_APILibrary” folder, and open this folder
as shown below.

Click the folder only once and push “Open”
button.

Do not double click the folder.

(€5 Select a zip file or a folder containing the library you'd like to add =

Lookin: | | For_Dmotor - %M

- LV8548_STEP_APILibrary!
<
Recent Items

Desktop

E
My Documents

LY
Computer
o
‘.I_.! File name: LWB54E_STEP_APILibrary
Metnok s of type: (Z1p iles o Folders v

Unless updating the function library, including the API
function library only needs to be done once.

Including the TimerOne Library
As shown below, navigate to “Sketch — Include Library
— Manage Libraries”

File Edit Toals Help

Manage Libraries..,

Werify/Compile Ctrl+R Add ZIP Library...
Upload Cul+U Arduino libraries
Upload Using Programmer  Ctrl+Shift+U Bridge

i Export compiled Binary Ctrl +Alt+5 CEPROM

_f f g Show Sketch Folder Ctrl+K Esplara

4 Include Library ) Ethernet

5|Libj Add File. Firmata

Once the library manager starts up, please type
“TimerOne” in the search bar at the top.

5 Library Manager ==

Type (&I 3w | Topic [al B = earch. |

by Arduine
features for SAMD and nRF52 32bit boards With this library you can manage the low power states of

s

Sigfox module This library allows some high level operstions an Sigfox
ease integration with existing projects

d Library b, Arduine
o use network features like rest and matt. Includes some tools for the ESP8266. Use this library only

www.onsemi.com
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Select and install “TimerOne” in the search results 3. Connect the PC to the Arduino Micro via USB
and select the corresponding COM port as shown

T &= below.

Type Al ~ Topic Al > TimerCGne

ii:r:edglg‘n s:(:;:t::::\;;tdisnlav library for arduine. Light-weight design allows the user to continuously write data gathered I . —]

fwl‘:‘e:\l\:z:mm & TimerOne interrupt, Help

Auto Format Ctrl+T
TimerQOne by Jesse Tane, Jéréme Despatis, Michael Polli, Dan tlemens, Paul stoffregen Archiue SkEt(h

Use hardware Timer1 for finer PWM control and /or running an periodic interrupt function
More info

Fix Encoding & Reload
Serial Monitor Ctrl+Shift+M
Serial Plotter Ctrl+Shift+L

WiFil01 Firmware Updater

Board: "Arduino/Genuino Micra” L4
= Port L Serial ports
Get Board Info Com3
COom4
Programmer: "ArduinalSP.org" ¥
N I | COM34 (Arduino/Genuino Micro)

Compiling the Arduino Program
+ Write to Arduino
1. Select the Arduino board to upload to by ) @
navigating to “Tools — Board — or by pressing the \=/ button.
Arduino/Genuino Micro”.

4. Upload the sketch by clicking “Sketch — Upload”

File Edit Tools Help

Help Verify/Compile Ctrl+R

Auto Format Ctrl+T Boards Manager... | Upload Ctrl+U
Archive Sketch Arduino AVR Boards Lva54i Upload Using Programmer Ctrl+Shift+U
Fix Encoding & Reload CRE T 1 #ing Export compiled Binary Ctrl+Alt+5
Serial Monitor Ctrl+Shift+M Arduine/Genuine Uno ?
Serial Plotter Ctrl+Shift+L Arduine Duemilanowve or Diecimila 3/ 4 Show Sketch Folder Ctrl+K

Arduino Mano 4 8 .
WiFi101 Firmware Updater i i tnlhudla (e

Arduino/Genuino Mega or Mega 2560 5 Lib Add File
Board: "Arduine/Genuino Micra" ) Arduino Mega ADK L
Part ) Arduine Leanardo
Get Board Info Arduine Leonarde ETH . . .

_ _ In the process of uploading, the Arduino Micro
» . “ArduinalsP.ora” l ©  Arduino/Genuino Micro . :
rogrammer: AuineEEorg T ol bootloader will be installed.
P

Burn Bootloader o "

2. Write an Arduino sketch and navigate to
“Sketch — Verify/Compile” when finished

X[
=0 Device driver software installed correctly.

X

writing.
File Edit [Sketch] Tools Help The IDE will display “Done uploading” after
| Verify/Compile Ctrl+R a successful upload to the Arduino.
Upload Ctrl+U
LVB54 Upload Using Programmer  Ctrl+5Shift+U
1 #ing Export compiled Binary  Ctrl+Alt+S
3.//4 Show Sketch Folder Ctrl+K b lee Moo e
4 Include Library 4
5 Lib] Add File...

Arduino/Genuino Mict

The IDE will display “Done compiling” after
a successful compile has been verified. Sketches written to the Arduino will not be erased
unless rewritten.
. If the uploading of the program fails confirm the
details in step 1 check board name and step 3
check serial port connection.

Arduino/Genuino Micro on COM3

www.onsemi.com
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Rewrite the Arduino Program
In the case of 1. or 2. below, please rewrite the program to
the Arduino
1. When updating the API Function library.

a) Delete the existing API function library by
navigating to Documents\Arduino\libraries and
deleting the LV8702_APILibrary folder.

b) Include the latest API function library. Please
save the latest API function library in your
preferred directory on your PC.

(See Page 3, “Software Setup”)
Include the latest API function library.
(See Page 3 “API Library”)

c) Compile and write the program to the Arduino
(See Page 4, “Compiling the Arduino program
* Write to Arduino”)

2. When evaluating the LV8548 DC and other motor
driver modules.

(Assuming other motor driver module libraries

have already been included)

a) Compile and write the program to the Arduino
(See Page 4, “Compiling the Arduino program
* Write to Arduino”)

If you are testing the any other motor driver module
library for the first time, please operate according to their
corresponding manual.

GUI Installation
1. Double click on % setup.exe jp the

DNJ“IDfMDdLIlEﬁKILGUI folder and proceed
with the installation as shown below.

*If a previous version of this GUI
(ON_MD_Module Kit GUI) has already been
installed and the most recent GUI will be installed,
please overwrite and update the existing GUI.

(No need for uninstallation)

2. The .NET Framework4.6.1 installation window
will appear if the PC does not have the necessary

version. If NET Framework4.6.1 is not installed,
click Accept to install.

D e |Catup

Far the following compaonents:

Microsoft .NET Framework 4.6.1 (x86 and x64)

Pleaze read the following license agreement. Press the page down key to see
the rest of the agresment.

MICROSOFT SOFTWARE SUPPLEMENTAL LICENSE TERMS

.NET FRAMEWORK AND ASSOCIATED LANGUAGE PACKS FOR
MICROSOFT WINDOWS OPERATING SYSTEM

Microsoft Corporation (or based on where you live, one of its
affiliates) licenses this supplement to you. If you are licensed to
use Microsoft Windows operating system software (the o

M s e e T e thin mnmlane et Wers memee med oen i

View EULA for printing
B

Do you accept the terms of the pendine License fAereement?

If vou choose Don't Boccept, install will close. To install vou must accept this
aereement.

| fcocept Don't Accept ‘

The following window shows the installation in progress.
(This may take several minutes)

O i < Satup ]
Thstalling Mi ft MET Fi k 46,1 (x86 and x64)..
io“ is1alhing ICrosol ramewort (X and x )
|
Cancel |

If the installation requires a reboot to complete, a message
will appear on the screen. Please press “Yes” to reboot.
Once rebooted, run & setup.exe jngtallation file again.

www.onsemi.com
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3. Install the GUI User administrative rights may be required for
Press “Next” installation. If an alert for user account control is displayed,
please select “Yes.”
1) ON_MD_Module Kit_GUI = e The following screen will be displayed after a successful
Welcome to the ON_MD_Module_Kit_GUI Setup ] installation.
wizard =t
#4) ON_MD_Module_Kit_GUI [E=R|EoR =5
The installer will guide you thiough the steps required to install OM_MD_Module_Kit_GUI on pour
computer. Installation Complete LA

OM_MD_Module_Kit_GUI has been successfully installed.

Click "Cloze" to exit.

WARMING: This computer program is protected by copyright law and international treaties.
Unautharized duplication or distibution of this program, or any portion of it, may result in severe civi
ar criminal penalties, and will be prosecuted ta the maximum extent possible under the law.

Please use "Windows Lpdate ta check for any critical updates to the MET Framework.

4. Spec'ify insj[allatio‘n folder,' or just click “next” to — o
continue with the installation
15 ON_MD_Module_Kit_GUI = B =) Make sure the GUI shortcut icon is created on the desktop
Select Installation Folder o as ‘shown below and that the program has been added to the
=& Windows start menu.

The installer will install ON_MD_Module_Kit_GUI to the following folder.

Toinstall in this folder, click "Nexst". Toinstall to a different folder. enter it below or click "Browss".

Desktop Shortcut

Folder:

C¥Program Files (x86#0nSemiconductor¥0N_MD_Module_Kit Gl Brawse..

ule Kit GUT Start Menu

Install ON_MD_Module_Kit_GUI for yourself, or for anyone who uses this computer ‘a
~ Microsoft Excel 2010 »
() Everyone s L
@ Just me s
W Microsoft word 2010 8
[ Cancel ] [ < Back
|l @ ON_MD_Module_Kit_GUI
Please press “next”.
p ﬁ] Visual Studic 2015 ’
1% ON_MD_Module_Kit_GUI =l = == ik ,
Confirm Installation (] _

The installer is ready to install ON_MD_t odule_Kit_GUI on your computer.

Click "Mest'" to start the installation.

Cancel ] l < Back

www.onsemi.com
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Hardware Setup

1. Connect the LV8702VSLDGEVB (Motor Driver
Module) to the ONBB4AMGEVB (Motor Driver
Baseboard). Insert the module into the baseboard,
while being careful not to bend the header pins

2. Connect the Arduino/Genuino Micro to the

baseboard, as seen in the figure above. The USB
connection port should be labeled on the
baseboard “«—USB” to dictate the orientation of

the Arduino

3. Plug in the motor wires (Insulation between 5 mm
— 10 mm) into the output terminals on the
baseboard — OUT_A/B/C/D (CNS5). Firmly fix the
wires by screwing down the terminals with
a flat—heat screwdriver. Refer to the table below
for motor connectivity:

4. Connect the Arduino to a PC using a USB cable

5. Insert the AC Power adapter into the DC Jack on
the baseboard. Be sure that a Center positive type
adapter is being used with an output voltage
9-32V
If using power supply cables, please connect the
positive terminal to VCC and the negative terminal

ouTA f (Blue) to GND in the CN6 connector. The power supply
OuT_B A (White) terminals +/— at CN6 are polarity sensitive.
OUT C B (Yellow) (VCC=+,GND =-)
OouUT D B (Red)
A(Blue) TR 3
Motor Wiring
- . Diagram
A (White) a9
(Red) B B (Yellow)

(Do not worry about incorrect wiring. Incorrect wiring
will NOT cause any damage to hardware.)

www.onsemi.com
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How to Use the GUI

Serial Port Settings

Arduino Micro (COM15)

|' |Lvasasstep Lv8702 |Lv8714|1v8307 |Lv8121]

s EEE I

‘Output Current.
[ Current[A] Max Output Current(A]

Excitation Motor Speed ‘-'-tep Angle

Direction o) step,fs
IE .

9]
.

Drive Status.

Transfer Time

Seconds

Real Time Update
| @ on O oFF
..

Detected

Transfer Unit
© Seconds
. Steps

® MNormal

@ Warning Bead,

@ Step Pulse Receive Error

————

artup L

Chip Enable,’Disable Position Reset
@ Operation © Standby I {. [ G] OFJ - n
rMotor Contg| —0 0 @ @ @ ™ —————— ——— F’REF Voltage:

’-
V]

ply*Motor Spe:

Supply Voltage[V]

MAX Supply Current[A]

Motor Rated Current[A]

- e .
_ | Max Qutput Current

Language:: English
ToolTip:: API

1. Double—-click the GUI shortcut located on the
desktop and connect the COM serial port

Language ToolTipMede Help  Exit

Available COM ports will appear in the
drop—down box.
If the Arduino is connected correctly to the PC, an
option for “Arduino Micro (COMx)” will be
available (where x is the number associated with
the port); select that COM port and click connect.
2. After connecting the Arduino, the GUI will
automatically navigate to the LV8702 tab
3. Set the chip enable function
As LV8702V to the chip enable function
This function switches between Standby and
Operating modes.
[Operation] ... Operating mode
[Standby] ... Standby mode

4. Specify the desired motor excitation and direction

of rotation

Excitation
(Excitation Method)

One-step Rotation Angle

Full step 1/1 Step angle

Half step (Full-torque) 1/2 Step angle
Half step (Smooth) 1/2 Step angle
Quarter step 1/4 Step angle

The following table compares LV8702 data sheet

notation.

GUI Notation

Data Sheet Notation

Full step

Full step

Half step (Full-torque)

Half step full-torque

Half step (Smooth)

Half step

Quarter step

Quarter step

www.onsemi.com
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Direction:
CW - Clockwise
CCW - Counter clockwise

Direction
| 0 W -

Transfer Unit}
© Secon

Pl et
Half step (Smooth)
Quarter step
NOTE: The direction of rotation may vary depending on
how the motor wires are connected to the
terminals.

5. Set the output motor current

[Dutpu‘t Current
|

The output current can be set within the limit value
(Box on the right) according to 10 by operating the
slider or the value of Box on the left.
The setting values are incremented by 0.01 A, but
the accuracy is limited due to the specifications of
the Arduino.
NOTE: The output current is set to 0.3 [A] for the
reference motor and the recommended adapter
at startup, and it is not necessary to set it again
for use in the same environment.

6. Set the step angle for the motor

NOTE: The step angle will vary depending on the

motor. If using the included reference motor,
please set it to 7.5°.

The step angle setting enables the “rpm” setting under
Motor Speed and “Degree” setting under Transfer Unit.

Motor Speed

Transfer Time

seconds

Transfer Unit
O Seconds
@ Steps

@ Degree

7. Set the motor speed in step/s or rpm

Motor Speed

step/s (=pps): Frequency of the number of steps per second
rpm: Rotational speed of the motor per minute

Stepper motors are not intended for sudden acceleration,
and will vibrate if the control exceeds the maximum rotation
speed. When using the included reference motor with the
recommended AC adaptor, please set the rotation speed
according to the table below.

Full step 1~560 step/s 2~700 rpm

Half step 1~1120 step/s 1~700 rpm
(Full-torque)

Half step

(Smooth)

Quarter step 1~2240 step/s

8. Set the units and value of the transfer condition for
the control signal. After the specified transfer
condition elapses, the motor will stop and hold its
torque. Since current continues to flow to the
motor, it is important to pay attention to heat
generation. Please select the Free button to stop
powering the motor.

For an unspecified rotation time, select 0 (Infinity)

Example 1: Rotating the motor for 10 seconds
Transfer Unit = Seconds
Transfer Time = 10 [seconds]

Transfer Time

seconds

Transfer Unit

O Seconds
@ Steps
@ Degree

Example 2: Rotating the motor for 100 steps
Transfer Unit = Steps
Transfer Step = 100 [steps]

Transfer Unit Transfer Step

steps

® Seconds

QO Steps
@® Degree

www.onsemi.com
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xample 3: Rotating the motor 180 degrees
Transfer Unit = Degree
Transfer Angle = 180 [degree]

9.

10.

11.

Transfer Angle
@ Seconds 180

Transfer Unit

@ Steps
© Degree

degree

When the Start button is pressed, the motor will
rotate. If changes to the Output Current, Excitation
or Motor Speed are made, the changes will take
effect upon pressing the Start button.

To change the direction of rotation, it is
recommended to stop the motor first with the Stop
button, change the value, and then press the Start
button to begin the motor rotation.

Pressing the Stop button causes the motor to stop,
and hold the torque.

When the Free button is pressed, the motor will
stop and lose the torque.

To maintain the position while the motor rotates,
or to pause the motor and restart from the same

position, select the Stop button.

At this time, because of the current still flowing
to the motor, attention must again be paid to
heat generation.

Set the specifications of the power supply and
motor to be used.

Supply Voltage... Power supply voltage

MAX Supply Current... Maximum power supply
current

Motor Rated Current... Motor Rated Current
Motor Winding Resistance... Motor coil resistance
Max Output Current Set buttons ... Calculate the
maximum output current from the above four
setting values, and 5 limit the set range of the
output motor current to enable safer motor driving.
Set the high—efficiency drive function.

(This function does not work in slow speed and
fast speed range where the feedback signal can’t
be stably detected. This function cannot be
selected when Full Step is set.)

The high—efficiency drive function automatically
optimizes the motor current according to the motor
load and rotational speed. By turning on this
function, power consumption, heat, vibration, and
noise can be reduced. The high—efficiency drive
function consists of the following three
parameters.

Efficiency... ON/OFF of high—-efficiency drive
function
When the high—efficiency drive function is turned

on, the motor current is automatically adjusted
within the range of the limit set in 5.

Drive Margin... Margin adjuster Function
Adjust the margin from the minimum current that
can rotate the motor.
When the margins are set to Small, the current
consumption is the smallest, but the number of
boost—ups may be increased for small

load-changes.

For this reason, set the margin to be larger for
applications with excessive load variation.

Current
Drive Margin Consumption Robustness
Small Low Weak
Middle ¢ t
Large Normal Strong

Boost Up... boost—up adjuster function

This process increases the motor current rapidly
and temporarily in order to maintain the motor
rotation in response to load variation.
Increasing the boost increases the rush load
resistance, but increasing the boost increases the
rotational stability.
The worsened of rotational stability can be
suppressed by increasing the Drive Margin.

Rotational
Boost Up Robustness Stability
Min Weak Stable
Low
High I I
Max Strong Unstable

12. Set the reset function.
The reset function resets the excitation position
and locks the motor.

[ON] ... Reset ON
[OFF] ... Reset OFF

Neither is turned off the power.

13. Voltage reading function
14. Status check function
15. GUI Language Settings
16. GUI Tool Tip Display

17. Help function

(See Appendix for more information)

www.onsemi.com
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18. Closing the GUI Select “Yes” to quit the GUI.
When finished, exit the GUI by pressing the “Exit” Select “No” to cancel the exit and return to the main
button at the bottom right of the screen or by screen.
clicking “Exit” item at the top menu bar. If the GUI is closed while the motor is still running, the
motor will be stopped and the window will close.
e o) feh For more details on the following features, refer to the

next section on How to use the GUI Log:
19. Saving the GUI Log

20. Clear the GUI Log

21. Program Generation

Serial Port Settings

The following popup message will be displayed when
exiting the GUL.

ON_MD_Module_Kit_ GUI I =

Areyou sure you want to Exit?

www.onsemi.com
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How to Use the GUI Log
The log screen in the GUI shows the serial data sent to
Arduino to control its API functions.

() LV8702 Function Library Test GUI
S

Language ToolTipMode Help Exit

—
Log-—

up V8702 Test GUI log ———-

i. Set Step Angle
Executed

Chip Enzble/Disable Position Reset S otatio
@ Dperation @ Standby | | ® on © oFF |
ent ii. Start Motor
; m Rotation
R e Executed

urrent fimi
i. Set Step Angle |=
Motor Spe Step Angle

Excitation Direction .
iii. Stop Motor
7 = = Uisteia | | 75 X
[ 100 Rotation
Executed

A ii. Start Motor Rotation

Transfer Unit Tra
O Seconds

iv. Free Motor
Rotation
Executed

| —olatninal]
iii. Stop Motor Rotation
= v. Free Motor Rotation
ciency

MNormal -

MAX Supply Current[A]

Drive Margin
Motor Rated Current{A] .3 |

Motor Winding Resistance[ Q] 0 | Boost Up

e

ToolTip:: API

19. Saving the GUI Log 20. Clear GUI Log
By pressing the “SAVE” button, the content By pressing the “CLEAR” button, the content
displayed on the work log can be saved as a .txt displayed on the work log will be erased.
file or a .csv file. 21. Program Generation

Pressing the “Generate Program” will output the

(@ Prease seiect alog save focation. = et executed API functions on the work log into a .ino
(€S e — e \ program file that can be uploaded directly with
O LN ) =- @ Arduino. By writing the output of the .ino file to
il Wiy S | Arduino, motor control can be executed
= &3 Motor test 20180522 161052 2018/05/2216:11 Arduino file N .
e & Motor test 20180522 161137 2018/05/22 16:11 Arduino file automatlcally thI'Ollgh standalone operatlon
[ Documents | according to the procedure generated through the
Music
émws F GUI Log.
B videcs | For more details regarding the Arduino program
% Computer | generation function, refer to the attached Appendix
Local Disk (C2) . . .
& | : under 21 Arduino Program Automatic Generation.
- ~ (| . 04
File name: Motor_test 20180522 161142 - I
Save as type: [ino Files -l
=) Hide Folders =
www.onsemi.com
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APPENDIX
Arduino IDE Installation 4. Set the install directory and press “Install”.
o] ino- Wi .
1. Run & arduino-1.8.4-windows.exe installer that are
included in.ZIP files downloaded from our web €9 Arduino Setup: Installation Folder X
site. Setup will install Arduino in the following folder.
(TO avoid SOf:tWElI‘C ‘fI' om not ope'r atlng properl'y, To install in a different folder, dick Browse and select anather folder.
please use this version and refrain from updating)
2. Read through and agree to the terms and Destination Folder
conditions during the setup by clicking the oo Lo e _ sowse..._|
“I Agree” button.
@ Arduino Setup: License Agreement - X
Space required: 443.1MB
If you accept all the terms of the agreement, choose I Agree to continue. Space available: 108.3G8
.2 You must accept the agreement to install Arduino.
Cancel | < Back Install I
(GNU LESSER GENERAL PUBLIC LICENSE A 4‘ :I
Version 3, 29 June 2007
(Copyright (C) 2007 Free Software Foundation, Inc. <http://fsf.ora/> 5. If prompted, please install the Arduino USB
Everyone is permitted to copy and distribute verbatim copies of this license Drivers
document, but changing it is not allowed. 1+ Arduino USB Driver
This version of the GNU Lesser General Public License incorporates the terms 1 I
and conditions of version 3 of the GNU General Public License, supplemented - G.enuulo USB DI'IVGI'
by the additional permissions listed below. v 1~ libusb—-win32

»~ Adafruit Industries LLC Port (COM and LPT)
»~ Linino Port (COM and LPT)

Cancel

3. Leave the following default components to install [] Windows Security L=
as is and press “Next”.

Would you like to install this device software?

MName: Arduino USE Driver

€9 Arduino Setup: Installation Options — X gy Publcher Arduing L1
Check the components you want to install and uncheck the components
you don't want to install: [C] Atways trust software from “Arduino LLC". Don't Install
@ You should only install driver software from publishers you trust. How can 1
Select components to install: Install Arduino software decide which device software is safe to install?

nstall USE drivers

Create Start Menu shortcut
Create Desktop shortcut . .
[¥] Associating .ino files 6. Below shows a completed installation for the

Arduino IDE. Feel free to click “Close”.

Space required: 443.1MB

Cancel : < Back ! Next > I

@ Arduino Setup: Completed —

Completed

Show details

.0)

www.onsemi.com
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Supplemental GUI Content
The following step numbers correspond to the step

numbers in the “How to use the GUI” section in the Quick
Start Guide.

13. Voltage Reading Function
READ to display the voltages in the pink column.
VREF ... Output Motor Current Reference Voltage
Displays the reference voltage for 5 Output motor

current setting
VREF = (Output Motor current) x 5 x 0.22 Q

VREF Voltage

0.31

Voltage[V]

14. Status Check Function
The red lamps and counters indicate the status
detected by the LV8702 from the outputs of each
terminal (DST1, DST2, MONI) of the LV8702.
When the Real Time Update is turned on, the
outputs from the terminals are periodically Read
and displayed.
Close to Stall and Stall Detected are enabled when
the high—efficiency drive function is set to
Efficiency = High, and the number of times of
occurrence is displayed in boxes.
This count is reset by pressing Clear.
(Maximum count = 255)
When the Real Time Update is turned off, the
status when the Read button is pressed is
displayed.

Drive Status
Real Time Update
| O oN ® OFF |
u Detected

Detected

MNormal

Close to Stall
Stall Detected
Warning Read

Step Pulse Receive Error

Normal:
Normal conditions (DST1:H, DST2:H)

Close to Stall:
Electrical detection of danger of stall
(DST1:H, DST2:L)

Stall Detected:
FElectrical detection of stall state
(DST1:L, DST2:H)

Warning:
Detects the state of short—circuit between the OUT

terminal and the power supply and GND of the
OUT terminal and the IC overheat state
(DST1: L, DST2: L).

Step Pulse Receive Error:

Detects (MONI) positional deviation of the motor
caused by noise—jumping into the STEP input
terminal of the LV8702.

About Warning:
When the overheat protection function is activated,

all OUTs turn OFF and the motor stops.

When the temperature drops, the Warning state is
released and the motor drive is restarted.

When the short—circuit protection function of the
OUT terminal is activated, all OUTs are turned
OFF and the motor stops.

This condition can be reset by switching Chip
Enable/ Disable from Operation to Standby to
Operation.

15. GUI Language Settings

Language | ToolTipMode
English

[v] B==
=

a7

Help  Exit

LVB548DC | LV8548Step | LVE/02Z | LV

Languages can be changed from the menu on the
top left of the window.

Motor driver tab languages are not changed.
(Please see tool tip for translations)

e = Motor driver tabs are set to
J—
current{/ currer

English
Motor Control ——————

Excitation

Full step -

Step Angle

Options

ADC voltage:

Current Limit Setting

www.onsemi.com
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16. GUI Tool Tip Display Selecting About will display the following
The GUI sends serial data to execute API window.
functions in the Arduino through USB.
With the API Hints turned on, hover over different

buttons and settings to display descriptions and it o _ : I
functions associated with that item. e

Software Version: 1.1.15

Firmware Version: LVA702 Ver.1.00
) Lv8702 Function uhmm‘;[engUI e " e — Copyr\ght ) on1g

Language ToolTipMode Help  Exit ON Semiconductar
Senal Port Settings

LV8548DC | Lvasaasren| 1v8702 [1vaz14|i1vaonz [1vai1]

API Description & Usage Example
[Description]
Read ADC power.

[APT]

readAdc(byte pin)

*argument: pin 0 : ADC7, 1 : ADC6, 2 : ADCS, 3 : ADC4, 4 : ADC1, 5: ADCO . . . . .
et Yol Yoltoge v5lue of seleced ‘ Selecting SerialPort will display the overview of

0%000-0x3FF R K K
serial communication.

[API Usage Example]
Lib_LV8702V Lib; // Lib_LV8702V class declaration
void setup() {

Lib.initLib(); // Initialization .
¥ . SerialPort *

void loop() {

Optig‘ré}s[_ﬁ value = Lib.readAdc (1); // Read ADC power of 1 pin.
e Baudrate: 19600
Hand5hake: Nane

ply Current{A]
Motor Rated Current[A] i
Mator Winding Resistance[ o]

21. Arduino Program Automatic Generation
When using the GUI, automatically generated
Arduino code will be output to the log window.
It is possible to export the code to an Arduino
- sketch (.ino) file that can be used with the Arduino
) LVB702 Function Library Test GUI 4 IDE.
Language | ToolTipMode | Help  Exit Once the automatically generated code is imported
API Hint ’ into the Arduino IDE, it is possible to mimic the
procedures from the GUIL

The API hints can be turned off by navigating
through the ToolTipMode menu at the top of the
window

1) Generating and writing Arduino code

LV8548DC | LV8548Step | LVB702 |LV8714 | LV8O07 - > .
I Pressing Generate Program will open a save file

dialog.
17. Help Function
From the help menu, it is possible to view GUI Log

and API version information, as well as serial
yersion 1o save
communication details. —_————1

Language ToolTipMode | Help | Exit

Serial Port Settings —|IE GG |
SerialPort

www.onsemi.com
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Please select the desired directory for the file to be

saved (e.g. Desktop or Documents) and click Save.

When using the GUI, €9 Lve702_Program.ino
is the name of the program, so a different name
will need to be used to save the exported file.

() Please select a log save location.

%w . ¥ B702_codes ~ | 44 ||| Search 8702 codes

Organize = New folder = @

- Favorites Name Date modified Type

Bl Desktop @ Motor_test 20180522 161052 2018/05/22 16:11 Arduino file
& Downloads @ Motor_test 20180522 161137 2018/05/2216:11 Arduino file
] Recent Places f

i Libraries I
5 Documents
o Music I
[ Pictures I
[B# videos

1% Computer ~ «f 3 »

File name: Motor_test 20180522 164442 o |

Save as type: |ino Files v]

“ Hide Folders

Double click the newly saved Arduino program to
open the Arduino IDE.

e~ =)
— ‘" -= E
| search ro2.coses 2]
Share with v Bumn New folder = O @

A MName

€ Motor_test 20180522 161052
<)

2018/05/22 16:45

The GUI and Arduino IDE cannot be connected to
a PC at the same time. To upload the Arduino
program, please exit or select Disconnect in the
GUI, and proceed working in the Arduino IDE.
Follow the instructions in the Quick Start Guide in
P3 “Compiling the Arduino Program — Write to
Arduino”.

2) Using the generated Arduino program

After each API operation in the generated
program, a delay(0) is inserted. By changing the
value of the argument (0)* to the delay function,
the user is able to freely adjust the rotation time,
as well as the interval time between each API call
execution. This can be used to achieve the desired
stand—alone operation.

*Parameter units are msec (1000 of a second).
For a delay of 1 second, use delay(1000).

www.onsemi.com

[Example of changing the interval time]

finclude <LY8702 Lib.h>
finclude <TimerOne.h>
Lib L¥8702Y Lib;

void setup()

{
Serial .begin(19200);

Lib.initLib();
Timerl.initialize(50);
Timerl.attachlnterrupt(interrupt);
de lay(5000); — NOTE
Lib.setChipEnable(1);
delav(0);//Omsec
Lib.setStepinglel(7.5);
delav(0);//Omsec
Lib.motorRotationDeg(10, 720, 0, 0);
delay(5000) ; //Omsec

Lib.motorRotat ionStop();
delay(0);//Omsec
Lib.motarRotationFree();
delay(0);//Omsec

16

“motorRotationDeg(10, 720.0, 0, 0)”
will start the motor with Full step, CW, 10 Step/s,
and an angle of 720 deg
“delay(5000)”
will drive the motor for 5000[msec]
(59)
“motorRotationStop()”
will stop the motor

After the time specified in the delay command has
elapsed, the next command will be executed.

If the delay setting is O or too short, some motor
operations will complete so quickly, that it will be
imperceptible.

NOTE: The delay setting at the beginning of the setup

method will execute in the case of a new USB
connection, Arduino reset, or upon uploading
a sketch to the Arduino. In this case, the
Arduino will delay for 5 seconds while writing
the initial settings.
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BOARD SCHEMATIC (1/2)
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Figure 3. LV8702VSLDGEVB Schematic
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Table 1. LV8702VSLDGEVB BILL OF MATERIALS

Designator Qty. Description Value Tolerance Footprint Company Part Number
IC1 1 Motor Driver - - SSOP44J ON semiconductor Lv8702v
R1-2 2 Thick Film Resistor 022Q,1W +5% 6432(2512Inch) KOA SR73W3AT**R22J
R3 1 Thick Film Resistor 15k, 0.1 W +5% 1005(0402Inch) KOA RK73B1ET**153J
R4 1 Thick Film Resistor 100 kQ, 0.1 W +5% 1005(0402Inch) KOA RK73B1ET**104J
R5-11, €) Thick Film Resistor 47 kQ, 0.1 W +5% 1005(0402Inch) KOA RK73B1ET**473J
R18-19
R12-14, R16 4 Thick Film Resistor 47 kQ, 0.1 W +5% 1005(0402Inch) KOA RK73B1ET**473J
R15 11 Thick Film Resistor 12kRQ, 01 W +5% 1005(0402Inch) KOA RK73B1ET**123J
R17 1 Thick Film Resistor 15 kR, 0.1 W +5% 1005(0402Inch) KOA RK73B1ET**153J
R20 1 Thick Film Resistor 100 kQ, 0.1 W +5% 1005(0402Inch) KOA RK73B1ET**104J
R21 1 Thick Film Resistor TBD, 0.1 W +5% 1005(0402Inch) TBD
R22 1 Thick Film Resistor 27 kQ, 0.1 W +5% 1005(0402Inch) KOA RK73B1ET**273J
JP1-3 3 Jumper 0Q1W +20% 1005(0402Inch) KOA RK73Z1ET**
JP4 1 Jumper 0Q1W +20% 1005(0402Inch) KOA RK73Z1ET**
C1 1 VCC Bypass Capacitor 10 uF, 50 V +20% 5x5.5 Wurth Electronik 865080642006
C2, C3, C5, 5 Ceramic multilayer 0.1 uF, 100 V +10% 1005(0402Inch) Murata Manufacturing GRM155R62A104KE14D
Ce, C8 Capacitor
C4 1 Ceramic multilayer 1000 pF, 50 V +5% 1005(0402Inch) Murata Manufacturing GRM1555C1H102JA01J
Capacitor
Cc7 1 Ceramic multilayer 150 pF, 50 V +10% 1005(0402Inch) Murata Manufacturing GRM1555C1H151JA01J
Capacitor
CN1A, 1B 1 Pin header to baseboard 12 pins x 2 - 30.48 x 5.08 Wurth Electronik 61302421121
CN2 1 Pin header to baseboard 12 pins - 30.48 x 2.54 Waurth Electronik 61301211121
PCB 1 PCB - 30.48 x 20.32

NOTE: Parts highlighted in yellow are not mounted at the time of product shipment.

www.onsemi.com
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BOARD SCHEMATIC (2/2)
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Figure 4. ONBB4AMGEVB Board Schematic
Table 2. BASEBOARD BILL OF MATERIALS
Designator Qty. Description Value Tolerance Footprint Company Part Number
D1 1 Diode - - SOD123 ON Semiconductor MBR230LSFT1G
CN1,2 2 Arduino Micro connector - - 21.02 x17 -2.54 pitch Hirosugi-Keiki FSS-41085-17
CN3 1 Module connector - - 1.02 x12 x2lines -2.54 pitch Wourth Electronik 61302421821
CN4 1 Module connector - - 21.02 x12 -2.54 pitch Wourth Electronik 61301211821
CN5,7,8 3 Motor connectors - - 1.1 x4 -3.5 pitch Wurth Electronik 691243110004
CN6 1 Power connectors - - 1.1 x2 -3.5 pitch Wurth Electronik 6912141100028
J1 1 DC barrel jack - - 9.0x 145 Waurth Electronik 694106301002
J2 1 UART pin headers - - 1.1 x4 -2.54 pitch Waurth Electronik 61300411121
C1 1 Electrolytic capacitor 100 uF, 50 V +10% - Wurth Electronik 860020674015
PCB 1 PCB - - 80 x 60

NOTE: When using a custom-made baseboard, be sure to mount an electrolytic capacitor equivalent to C1 between VCC and GND.
Neglecting to install this capacitor may lead to damage and malfunction of any connected driver modules.

www.onsemi.com

19



http://www.onsemi.com/

ON Semiconductor and the ON Semiconductor logo are trademarks of Semiconductor Components Industries, LLC dba ON Semiconductor or its subsidiaries in the United States and/or
other countries. ON Semiconductor owns the rights to a number of patents, trademarks, copyrights, trade secrets, and other intellectual property. A listing of ON Semiconductor’s
product/patent coverage may be accessed at www.onsemi.com/site/pdf/Patent-Marking.pdf. ON Semiconductor 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 as such not available for sale to consumers. The board is only intended
for research, development, demonstration and evaluation purposes and should as such 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 delivered “AS IS” and without warranty of any kind including, but not limited to, that the board is production-worthy, that the functions contained in the board will meet your
requirements, or that the operation of the board will be uninterrupted or error free. ON Semiconductor expressly disclaims all warranties, express, implied or otherwise, including without
limitation, warranties of fitness for a particular purpose and non-infringement of intellectual property rights.

ON Semiconductor 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 ON Semiconductor shall not constitute any representation or warranty by ON Semiconductor,
and no additional obligations or liabilities shall arise from ON Semiconductor having provided such information or services.

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. Should you purchase or use the board for any such unintended or unauthorized application, you shall
indemnify and hold ON Semiconductor 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 ON Semiconductor
was negligent regarding the design or manufacture of 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 ON Semiconductor 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.

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

LIMITATIONS OF LIABILITY: ON Semiconductor 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 ON Semiconductor is advised of the possibility of such damages. In no event shall
ON Semiconductor’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.
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
ON Semiconductor Website: www.onsemi.com  Phone: 011 421 33 790 2910 For additional information, please contact your local Sales Representative


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

OCEAN CHIPS

OxreaH INeKTPOHMUKM
MocTaBKa 3ﬂeKTp0HHbIX KOMMOHEHTOB

Komnanusa «OkeaH DNEKTPOHMKM> MpEeAaraeT 3aK/Il04EHUE JONTOCPOYHbIX OTHOLLIEHMM NpU
MOCTaBKaX MMMOPTHbIX 3/1EKTPOHHbIX KOMMOHEHTOB HA B3aMMOBbIrOZHbIX YC10BMAX!

Hawwu npeumyliectsa:

- NlocTaBKa OpMrMHaIbHbIX UMMNOPTHbBIX 3/IEKTPOHHbIX KOMMOHEHTOB HanNpAMYy C NPOM3BOACTB AMEPUKM,
EBponbl M A3uK, a TaK e C KpYNHEMLIMX CKIaJ0B MMPa;

- LUnMpoKas sMHeMKa NOCTaBOK aKTUBHBIX M MACCMBHBIX MMMOPTHbBIX 3/1EKTPOHHbIX KOMMOHEHTOB (6onee
30 MJIH. HAMMEHOBAHUMN);

- MocTaBKa C/IOXKHbIX, AeDUUMUTHBIX, IM60 CHATLIX C NPOM3BOACTBA NO3ULMIA;

- OnepaTMBHbIE CPOKM NOCTABKM NOA 3aKa3 (0T 5 paboumx AHEN);

- JKCnpecc JoCTaBKa B 06YH0 TOYKY Poccuu;

- Momouwb KoHcTpyKTOpCKOro OTAena 1 KOHCynbTauumu KBaMPULUUPOBAHHBIX MHXEHEPOB;

- TexHM4ecKaa nogaepkka NpoeKTa, NomMollb B NoA6ope aHanoros, NocTaBka NPOTOTUNOB;

- [locTaBKa 3/1EKTPOHHbIX KOMMOHEHTOB NoJ, KOHTposiem BIT;

- CUcTeMa MeHeaXXMeHTa KayecTBa cepTudmumpoBaHa no MexayHapogHomy ctaHgapTy 1SO 9001;

- Mp1 HEO06XOAMMOCTH BCA NPOAYKLUMA BOEHHOIO M adPOKOCMMYECKOrO Ha3HaYeHMA NPOXoAUT

MCMbITaHMA M CEPTUMhMKALMIO B TaGOPATOPMM (MO COrIACOBAHMIO C 3aKa34YMKOM);
- MocTaBKa cneumanusmMpoBaHHbIX KOMMOHEHTOB BOEHHOMO M a3POKOCMMYECKOr0 YPOBHSA KayecTBa

(Xilinx, Altera, Analog Devices, Intersil, Interpoint, Microsemi, Actel, Aeroflex, Peregrine, VPT, Syfer,
Eurofarad, Texas Instruments, MS Kennedy, Miteq, Cobham, E2V, MA-COM, Hittite, Mini-Circuits,
General Dynamics u gp.);

KomnaHua «OkeaH JNEeKTPOHMKKU» ABNAETCA oduuMabHbIM AUCTPUOLIOTOPOM M SKCKJIHO3MBHbBIM
npesctasuteneM B Poccum ofHOrO M3  KpPYMHEMWMX MPOM3BOAMUTENIEM Pa3beEMOB BOEHHOMO W
A3pPOKOCMMYECKOro Ha3sHavyeHuMs <«JONHON», a Tak Xe oduuMaibHbiIM AUCTPUOBIOTOPOM MU
JKCK/II03MBHbIM nNpeacTaBuTenieM B Poccvn npousBoauTENA BbICOKOTEXHOIOMMYHBIX M HaAEXHbIX
peweHun ans nepeaaym CBY curHano «FORSTAR>.

«JONHON> (ocHoBsaH B 1970 T.)

PasbeMbl crneumanbHOro, BOEHHOMo M A3POKOCMHNYECKOIo
Ha3Ha4YeHHA:

JONHON (MpuMeHsOTCA B BOEHHOM, aBMALMOHHOM, a3POKOCMMYECKOM,

MOPCKOM, KeNe3HOAOPOXKHOM, TOpHO- M HedTeao6biBatoLLeN
0Tpac/AX NPOMbILLIEHHOCTH)

«FORSTAR> (ocHoBaH B 1998 r.)

BY coegmHmnTENN, KOAKCHaNbHbIE Kabenn

’ ) ®
KabenbHble COOPKM M MMKPOBONIHOBbIE KOMMOHEHTbI: FORS 'AR
L

(MpuMeHsaTCA B TEJIEKOMMYHMKAUMAX  FPaXXAaHCKOro M
cneuManbHOrO HasHayeHus, B cpeacTBax cBA3sM, PJIC, a TaK xe
BOEHHOM,  aBMALUMOHHOM M AdPOKOCMMYECKOM  OTpacisx
NPOMBILLNIEHHOCTH).

TenedoH: 8 (812) 309-75-97 (MHOroKaHasbHbIN)

dakc: 8 (812) 320-03-32

DNIeKTpPOHHas noyTa: ocean@oceanchips.ru

Web: http://oceanchips.ru/

Appec: 198099, r. CaHkT-leTepbypr, yn. KananHuHa, 4. 2, Kopn. 4, amT. A




