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Notices
Safety Notices

Notices
© EMSCAN Corporation

No part of this user manual may be reproduced in any form or by any means (including but not limited to
electronic storage and retrieval or translation into a foreign language) without prior consent from EMSCAN
Corporation as governed by Canada and international copyright laws.

Trademark Acknowledgements
Adobe Acrobat ® and Reader ® are U.S. registered trademarks of Adobe Systems Incorporated.

Windows ® is U.S. registered trademarks of Microsoft Corporation.

Warranty

The material contained in this user manual is provided “as is” and is subject to being changed, without
notice, in future editions. Further to the maximum extent permitted by applicable law, EMSCAN disclaims
all warranties, either expressed or implied, with regard to this user manual and any information contained
herein, including but not limited to the implied warranties of merchantability and fitness for a particular
purpose. EMSCAN shall not be liable for errors or for incidental or consequential damages in connection
with the furnishing, use, or performance of this document or any information contained herein. Should
EMSCAN and the user have a separate written agreement with warranty terms covering the material in
this document that conflict with these terms, the warranty terms in the separate agreement shall control.

Safety Notices
Caution
A CAUTION notice denotes a hazard. It calls attention to operating procedure, practice, or the like that,

if not correctly performed or adhered to, could result in damage to the product or loss of important data.
Do not proceed beyond a CAUTION notice until the indicated conditions are fully understood and met.

Warning

A WARNING notice denotes a hazard. It calls attention to an operating procedure, practice, or the like
that, if not correctly performed or adhered to, could result in personal injury or death. Do not proceed
beyond a WARNING notice until the indicated conditions are fully understood and met.

Warranty

EMSCAN warrants to its customers that any RFxpert from the date of delivery will perform substantially
in accordance with the specifications provided, when properly installed, operated, and maintained for the
duration of the warranty purchased by the customer.

During the warranty period, EMSCAN will at its option either repair or replace, at no charge, RFxpert
product or parts thereof which do not perform in accordance with the specifications.

For warranty service or repair, RFxpert must be returned to EMSCAN. EMSCAN will pay shipping charges
to and from EMSCAN if Buyer is under warranty, original or extended. You can extend your original
warranty by purchasing option 3000-0122 (Additional One Year Customer Care Package).

RFxpert



Warranty
Software Updates

Is your document and RFxpert software up-to-date?

Periodically, we update the documents and RFxpert software. You may access documents from the links
below:

User manual: https://www.emscan.com/products/antenna-testing/resource-centre/

Software release notes: https://www.emscan.com/products/antenna-testing/resource-centre/

Technical bulletin: https://www.emscan.com/products/antenna-testing/resource-centre/

FAQ: https://www.emscan.com/products/antenna-testing/rfx2/

RFxpert software is not publicly available on EMSCAN web site. To receive e-mail notifications for
software updates, please send an e-mail to rixupdate@emscan.com

Disclaimer 1

(not applicable to USA, Canada and those countries* that have adopted CE marking)

The RFxpert RFX2 / RFX were tested with a CE marked and certified power supply (AC/DC Adapter)
conforming to all relevant requirements of EMC Directive 2014/30/EU. No Power supply will be supplied
with the RFxpert RFX2 / RFX at the time of purchase. User must power the RFxpert RFX2 /RFX by a CE
marked Power Supply bearing local standard conformity logo and comply with following specifications:

+ DC output voltage: 12VDC +/-5%
*  Minimum DC output current: 3.0A
* 12V Connector: 2.5 x 5.5 x 9.5mm Straight Barrel type, Center positive

Failure to use a Power Supply with the above specifications, EMSCAN cannot guarantee the EMC
compliance, safety or proper operation of the respective product and will void the warranty.

(*Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy, Luxemburg, the
Netherlands, Portugal, Spain, Sweden, United Kingdom, Iceland, Liechtenstein, Norway, Estonia, Latvia,
Lithuania, Poland, Czech Republic, Slovakia, Hungary, Slovenia, Malta, Cyprus, Bulgaria and Romania)

Disclaimer 2

When RFX is operating in continuous Scanning mode, under Electrical Fast Transients conditions as
specified by IEC 61000-4-4 standard, RFX may experience disruption due to transient burst on the AC
power line.

Subscribe to our social media channels to keep up-to-date

We regularly post new application notes, case studies, white papers, and application videos.

EMSCAN RSS feed: https://www.emscan.com/news-events/

EMSCAN YouTube channel: https://www.youtube.com/user/emscancorporation

EMSCAN LinkedIn page: https://www.linkedin.com/company/emscan-corporation

EMSCAN Twitter page: https://twitter.com/emscancorp
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Technical Support

Technical Support

To help us provide fast and seamless technical support, kindly gather the following
information and contact Technical Support as instructed further below.

» Serial number of your RFxpert. RFxpert serial number is located at the bottom of the scanner.

+ Software release version. Start RFxpert software and click g
and firmware versions:

ul to access to scanner ID, software

@ Product Mame: RFxpert
Version: 4.1.0.21
Scanner ID: 1043 - 1043 - 1043 -2

CPPT Firmware Yersion: L e

USB Firmware Version: 5. 113

Copyright {C) EMSCAN Corporation

All Rights Reserved by EMSCAN Corporation,
This software has been protected by USA and Canada copyright laws.

EMSCAN Corporation allows you to use the software for the sole
purpose to display data received from RFxpert. Duplication of the
software is strictly prohibited.

*  Windows OS

* Agilent IO or Keysight 10 version
» 10 screenshot of the connected network analyzer, power sensor or base station emulator
* Model and firmware level of the network analyzer, power sensor or base station emulator

* Connection type to the network analyzer, power sensor or base station emulator from your PC: USB
or Ethernet (then IP address pair) or USB+GPIB

+ Project file *rfx
*  Power profile *.prof

» Description of the problem including screen shots and videos

° RFxpert



About RFxpert
General

About RFxpert

RFxpert is a fast, easy to use, and accurate measurement system to assist designers who are developing
and evaluating single or multi-antenna structures including MIMO solutions.

RFxpert measures the amplitude and phase of very-near-field magnetic emissions and uses these data
to calculate and display far-field patterns and other parameters in real-time.

There are two models of RFxpert. They are identical in functionality but differ in size of the scan area:
RFX maximum radiator size: 10 cm x 16 cm
RFX2 maximum radiator size: 32 cm x 32 cm

* RFxpert can be used to evaluate either standalone (i.e. passive) antennas or antennas that are
embedded in wireless devices (i.e. active antennas).

* RFX2 can be used for characterization of large antennas (e.g. phased arrays) up to
2.32 m x 2.32 m in size with the standard RFxpert application and can be used to characterize
antennas of any size with an additional separate software application.

* RFX2 can be used with the Phantom Head + Hand Test Kit (page 90) to test mobile phones as
per CTIA standards (available only for the RFX2 models).

* RFxpert can be used with a few specific models of Network Analyzers (https://www.emscan.com/
products/antenna-testing/rfx2/) to display S,, and then calculate antenna gain and efficiency.

+ RFxpert can also be integrated with a few Base Station Emulators (https://www.emscan.com/
products/antenna-testing/rfx2/) to test cell phones.

* RFxpert calculates the right and left hand circularly polarized patterns and displays axial ratio
patterns.

* RFxpert can be integrated into virtually any automated test bed and production line by using
DLL programming. Test scripts can be written to define sequences of measurements integrating
Network Analyzers or Base Station Emulators.

* RFxpert’s golden sample comparison tool is ideal for sample lot testing and product verification
for wireless service providers or for manufacturing.

When an RFxpert is connected to the PC, the RFxpert application detects the model and the client
software brings up the proper scan area. In this user manual, RFX pictures and screen shots are used
except where unique RFX2 features are concerned.

The purpose of this user manual is to provide general information and instructions regarding the operation
of RFxpert. If you have further questions or require further assistance, please contact EMSCAN Technical
Support.

RFxpert



About RFxpert
Component Checklist, PC and Software Requirements

Component Checklist, PC and Software Requirements

Components Supplied with the System
1.

2.

RFxpert Scanner (integrated antenna board and processing electronics)

Universal Power Supply (Disclaimer: AC/DC adaptor is included only for Canada, US
and European Union countries. For other countries please procure and use a power
supply with the following specs for RFxpert RFX or RFxpert RFX2: a

» DC output voltage: 12VDC +/-5%
*  Minimum DC output current: 3A

* Connector: 2.5 x 5.5 x 9.5mm Straight Barrel Type, Center Positive
* Must be compliant to local regulations

Failuretto use a power supply with the specs described above for respective products will void the
warranty.

USB Cable: to connect the PC (laptop or desktop) to RFxpert Q

—

Test Board Level
Emissions Under
a

RFxpert USB Drive: includes the RFxpert software installation program, User Manual %, = 4

Foam spacer: This electromagnetically-transparent foam spacer is to be placed between the scanner
and the AUT to reduce the coupling effects and improve the accuracy of efficiency
measurements. The separation value must be set in the software (separation tab page

52) when using this foam spacer. Please refer to_page 28 on how to position AUT/DUT for =~
exceptional RFxpert accuracy

Minimum System Requirements

RFxpert client software runs on Windows 10, Windows 8, and Windows 7 OS platforms

Minimum Recommended PC Features:

2 o o

Processor Type: Intel Core
Processor Speed: 3.2 GHz

RAM: 1GB
Graphic Card: 256 MB with OpenGL graphic enabled
USB Ports: at least 1 USB, 2.1 protocol support preferred

Monitor/Screen resolution: Operating in wide screen mode (aspect ratio greater than 4:3) is
recommended for best viewing

Components Software Requirements

1.
2.

Microsoft .NET Framework
Keysight IO Libraries Suite

RFxpert client software installation process covers above mentioned software installations.

RFxpert



About RFxpert
Connection Overview

Connection Overview

RFX Scanner

Item Number |Description
1 Universal power supply port
2 USB connection port
Caution:

The surface of the scanner is made of Gorilla® glass. It may shatter if a sharp object is
dropped from a distance.

RFxpert



About RFxpert
Connection Overview

RFX2 Scanner

Item Number |Description
1 Universal power supply port
2" Phase Switch

Position A: Internal phase. This is used for regular scanning.

Position B: External phase. This is used for Multi Co-Planar (page 58)
scanning and Correlation (page 66).

3" Phase Port
4 USB connection port

*Available only on RFX2 models shipped after July 2013. Contact us for a retrofit.

Caution:
The surface of the scanner is made of Gorilla® glass. It may shatter if a sharp object is
dropped from a distance.

" RFxpert



About RFxpert
Option and Accessories

Option and Accessories

Contact EMSCAN or your dedicated EMSCAN Sales Associate to place an order.

Part Number Description

3000-0815 Hard Transit Case RFX with customized insert

3000-0818 Hard Transit Case RFX2 with customized insert

3000-0817 Large Hard Transit Case to carry FieldFox and RFX with customized insert
3000-0303 CP Analysis: Software application for circular polarization Axial Ratio (AR),

Left-Hand Circular Polarization (LHCP) and Right-Hand Circular Polarization
(RHCP) measurements and graphs

3000-0300 BSE Function: Programmable interface for remote control of a Base Station
Emulator to enable power and pattern measurements at a single frequency
or series of frequencies at a set interval

3000-0306 Phantom Head+Hand Test Kit as per CTIA Test Plan for Mobile Station
Over the Air Performance 3.2.1 for RFX2 that includes

- Half-head derived from full head specifications

- PDA grip right hand for smartphone
- Palm spacer and alignment tool

- Test fixture for holding RFX2 including sliding/rotating head+hand fixture
with material properties as per CTIA compliant fixtures

3000-0306H Phantom Head+Hand Test Kit as per CTIA Test Plan for Mobile Station Over

the Air Performance 3.2.1 for RFX2 that includes

- Half-head derived from full head specifications
- PDA grip hand for smartphone

- Palm spacer and alignment tool

3000-0307 Additional CTIA Hand as per Appendix C of CTIA Test Plan for Mobile
Station Over the Air Performance 3.2.1. Includes Palm Spacer and Alignment
Tool. Select one of:

- Monoblock grip
- Fold Grip

- Narrow Data Grip

3000-0819 RF Source: Stable programmable power source from 300 MHz to 6 GHz
that fits into the shielded box of the 3 GPP RAN4 MIMO Antenna.

- Maximum output power: +10 dBm

- Repeatability of output power level: +-0.2 dBm
- Battery power: 2-3 hours

- Enclosure: 121 mm x 78 mm x 26 mm

- Standalone operation: Front panel controls

11
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3000-0820 High Frequency Basic MCP Jig: Set of tiles, absorber blocks and
rolling rig to enable high frequency 1.3 GHz to 6 GHz multiple-co-planar
measurements with RFX2. Includes
- 6 tiles with positioning holes for a 2 x 3 set
- 6 absorbers: 4 RFX2 blocks and 2 standard blocks for test above 1 GHz
- 1 rolling rig for RFX2 with positioning wheels

3000-0824 High Frequency MCP Jig Expansion: Two tiles and two square absorber
blocks for test > 1.3 GHz

3000-0825 Low Frequency Basic MCP Jig: Set of tiles, absorber blocks and rolling
rig to enable low frequency 600 MHz GHz to 6 GHz multiple-co-planar
measurements with RFX2. Includes
- 6 tiles with positioning holes for a 2 x 3 set
- 6 absorbers: 4 RFX2 blocks and 2 standard blocks for test above 600 MHz
- 1 rolling rig for RFX2 with positioning wheels

3000-0826 Low Frequency MCP Jig Expansion: Two tiles and two absorber blocks
for test > 600 MHz

3000-0129 NRE Charge for custom development of a VNA driver for any network
analyzer. Customer to loan specific network analyzer for 2 weeks.

3000-0130 NRE Charge for custom development of a VNA driver for any network
analyzer. Equipment rental included provided it is available from rental
companies.

3000-0301 NRE Charge for custom development of a BSE driver for any Base Station
Emulator. Customer to loan specific equipment for 4 weeks.

3000-0302 NRE Charge for custom development of a BSE driver for any Base
Station Emulator. Equipment rental included provided it is available from
rental companies.

3000-0305 NRE Charge for custom development of a BSE driver for additional Base
Station Emulator test application during the original driver development.

3000-0960 NRE Charge for custom development of a PM driver for any power meter.
Customer to loan specific power meter for 2 weeks.

3000-0961 NRE Charge for custom development of a PM driver for any power meter.
Equipment rental included provided it is available from rental companies.

3000-0121 RFxpert 3 GHz to RFxpert 6 GHz upgrade

3000-0122 Additional one year Customer Care Package. Includes:

- Parts & labour

- Software updates

- Free shipping to factory for repair and return
- Same day technical support

- Two 30 minute web training sessions per year
- Back-up unit free of charge

- 10% discount on new software applications

RFxpert



13

3000-1610

Calibration Assurance Plan for the RFX and RFX2 / Return to EMSCAN
| 3 years

- Annual single calibration event included

- When purchased with the unit or combined with a Customer Care Package
of similar duration

3000-1611

Calibration Assurance Plan for the RFX and RFX2 / Return to EMSCAN
/5 years

- Annual single calibration event included

- When purchased with the unit or combined with a Customer Care Package
of similar duration

3000-0900

On-site installation and customer training per day. PAYABLE IN
ADVANCE. Cost of instructor’s travel and accommodation additional (inside
continental North America p/n 3000-0902 or outside continental North America
p/n 3000-0901). Scheduling dates to be committed only by EMSCAN. Sales
person to indicate on the P.O. customer’s preferred dates. EMSCAN to
finalize all course scheduling and related arrangements with customer and
EMSCAN Sales Representative or Distributor. Training sessions require a
minimum of 4 weeks to schedule. Maximum number of participants is 10;
participants are to bring their own EMSCAN equipment.

3000-0901

Trainer’s travel, accommodations and expenses for travel outside the
Continental USA and Canada. PAYABLE IN ADVANCE.

3000-0902

Trainer’s travel, accommodations and expenses for travel within the
Continental USA and Canada. PAYABLE IN ADVANCE.

3000-0903

Training at EMSCAN’s Education Center per participant per day.
PAYABLE IN ADVANCE. EMSCAN will provide equipment for the hands-on
training, materials and lunch each day. Course scheduling will be determined
based on a minimum of 3 confirmed registrants. Participants are responsible
for their own travel and accommodation expenses. Every effort will be made
to customize the course curriculum to meet participant needs.

RFxpert



About RFxpert
Quick Installation and Checklist

Quick Installation and Checklist

1. Click here (http://www.keysight.com/en/pd-1985909/io-libraries-suite?nid=-
33330.977662.00&cc=US&Ic=engq) to install the latest version of the Keysight IO Libraries Suite

2. Install the RFxpert software application by double clicking on the Setup application icon. The
application must always be installed on the C: drive.

3. Aslong as the device under test is emitting, connect the PC and RFxpert scanner as per the diagram
below; no other equipment is required.

é y

L RFxpert J

4. If you are testing a passive antenna, connect PC, RFxpert scanner, network analyzer and optionally
power sensor as per the diagram below. The power meter is used to measure the power source
profile of the VNA, cable and connector up to the antenna under test for the test frequency range in
order to obtain accurate gain and efficiency results.

Compatible network analyzer and power meters with the right hardware, firmware and software
versions can be found at: http://www.emscan.com/rfxpert/RFx_supportedVNA.cfm

r

GPIB/ USB / LAN RFxpert Application

é y

" RFxpert



About RFxpert
Quick Installation and Checklist

5. If you are testing a mobile phone or cellular based device, connect the PC, RFxpert scanner and
base station emulator as per the diagram below.
Ensure that the BSE can call the phone by manually initiating a call. Test this connection with the
phone on the RFxpert scanner so that the proper over the air path losses are taken into account.
4 Y
GPIB / USB
Em RFxpert
%f e
=28
\. J
6. Install the RFxpert USB driver
Go to Windows’ Device Manager
Expand “USB Custom Driver” and look for RFxpert USB Driver 2014
If it says 2010 or if there is a yellow triangle, right click and select Update driver and then browse to
the “EMSCAN RFxpert USB Driver” folder in the install folder on your CD, hard disk or key.
Click on the “EMSCAN RFxpert USB Driver” folder and press OK.
Follow the installation steps.
Note that you may have to repeat this procedure if you connect the USB cable
between the RFxpert and the PC to another USB port at another occasion.
Note as well that not all USB ports are equal; some are less than others and may not work with the
RFxpert. Try various ports until you find one working properly.
The RFxpert driver is a third-party Microsoft approved driver. If the installation fails, you must disable
the third-party driver enforcement of Windows 8 and 8.1 as follows:
Windows 8.0
On the side START bar, click on “Settings”
Click on “Change PC settings”
In PC Settings, click on “General”
Scroll down to “Advanced startup”
Click on “Restart now”
In “Choose an option”, click on “Troubleshoot”
In “Troubleshoot”, click on “Advanced options”
In “Advancedoptions”, click on “Startup Settings”
In “Startup settings”, click on “Restart”
In “Startup settings”, press number 7 on your keyboard to select “Disable driver signature
enforcement”
15
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About RFxpert
Quick Installation and Checklist

Windows 8.1

16

On the side START bair, click on “Settings”

Click on “Change PC settings”

In PC settings, click on “Update and recovery”
In “Update and recovery” select “Recovery”

In “Recovery” go to “Advanced startup”

Click on “Restart now”

In “Choose an option”, click on “Troubleshoot”

In “Troubleshoot”, click on “Advanced options”
In “Advancedoptions”, click on “Startup Settings”
In “Startup settings”, click on “Restart”

In “Startup settings”, press number 7 on your keyboard to select “Disable driver signature
enforcement”

If you are connecting to a network analyzer using an USB cable, go to Step 8.
If you are connecting to a network analyzer using an Ethernet crossover cable:

Set your network analyzer to the static IP address 172.16.1.148/255.255.0.0
For the N9912A demo unit at A.08.15
Press hard key System, then soft keys System Configuration / More / LAN / Edit

Set your PC with static IP address 172.16.1.99/255.255.0.0
Best is to set it up in Alternate Configuration in the Local Area Connection Properties /
Internet Protocol Version 4 (TCP/IPv4) / Properties path

Open Keysight 10 Libraries Suite

Look at the bottom right of the Keysight IO window and see if it says 32-bit Keysight VISA is Primary
If it is not, go to Programs and Features / Select Keysight IO / Change / Modify / Select
PRIMARY

If you are connecting to a network analyzer using an USB cable, make sure the equipment shows
under USBO with a green check mark.

If you are using an Ethernet cable, delete all previous 172.16.1.148 connections under the LAN
(TCPIPO) menu.

Keysight 10 is good at auto-discovering and configuring. If it is connected properly you will see
in the bottom section Messages the following two lines:

Instruments are already discovered and configured

User interface session started

If there is a connection issue, mostly with LAN, select Manual Configuration and then LAN
Instrument

In Set LAN Address / Hostname or IP Address:
Enter the IP address 172.16.1.148
In Verify Connection
Click on Test this VISA Address
Then click on Accept

A green check mark should be next to the IP address 172.16.1.148 under the LAN (TCPIPO)
menu branch.

RFxpert



About RFxpert
Quick Installation and Checklist

If there is still no connection, disable your PC firewall or set it up to allow traffic to/from 172.16.1.148
and repeat the steps above.

Once connected, set the analyzer as a favorite. Click on the grey star and it will turn yellow.

FieldFox, Agilent

TCPIP0::172.16.1.148::inst0::INSTR

9. Close Keysight IO

10. Open the RFxpert application and get scanning! See User Guide for operations.

If your RFxpert still does not work, contact us by e-mail at support@emscan.com or
call +1-403-291-0313 ext. 2

17
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Hardware Setup
Hardware Setup and Software Installation

Hardware Setup
Connect B-end of the USB cable to the USB port on RFxpert
ST

Connect A-end to any USB port on the client computer

Plug the included power supply into the power supply port of RFxpert and into the appropriate

100/240V wall socket.
- /

Warning: Use ONLY the 6 VDC power supply that is supplied with RFX
Use ONLY the 12 VDC power supply that is supplied with RFX2

RFxpert
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Getting Started
Hardware Setup
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Ladx4y ZXH4M 2= WY DS Q

RFxpert Setup Showing Power and USB Cables

(RFX2 model shown in the picture)
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Software Installation

1. Plug-in the RFxpert USB drive. Select the software folder and double click on Setup.exe file setup

2. When you are prompted “Do you want to allow the following program from an unknown publisher to
make changes to this computer” click Yes

3. Below screen will be displayed

4. Click Accept

5. Click Next

20

Preparing Setup
Please wait while the InstalShield Wizard prepares the setup.

FFupeit Installation Fackage Setup is preparing the InstallShisld Wizard, which will guids pou
thiough the rest of the setup process. Pleass wait

InstallShield
Cancel J

J SCAN

@ Test antennas up to 12.60” x 12.60" / 32 cm x 32 cm in real-time

© Test large antennas up to 3.67 ft X 7.61 ft / 1.12 m xSfam—, s
@ Get MIMO LTE measurements in seconds
© Test 3D antennas \

Sy

i RFxpert

\

0 x

Welcome to the RFxpert Setup Wizard

RFxpert

The installer will guide you through the steps required to install RF spert on you computer,

WARMING: This computer program is protected by copyright law and intemational treaties.
Unauthorized duplication or distibution of this program, or any portion of it, may result in severe civil
ar criminal penalties, and will be prosecuted to the maximum extent passible under the law.

e
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6. Check | Agree and click Next

License Agreement RFXpel‘t

Please take a moment to read the license agreement now. |f pou accept the terms below, click "'l
Agree”, then "Next". Otherwise click "Cancel".

IMPORTANT READ CAREFULLY: This End User License Agreement
("Agreement”) 15 a legal and binding agreement between you (either an
individual or a corporate entity) ("You" or "Your") and EMSCAN Corporation
("EMSCAMN") for the software product You are about to download or install
and the associated media, printed materials, any associated documentation
(including any electronic documentation), and also any updates or
modifications of the foregoing provided by EMSCAN, its distributors,
licensors or its licensees or agents to You (collectively "Software”).

WHFEM YOI LI 0N THE "I ACCEPT" RUTTON OR WHFEN Yol Y
()1 Da Mat (@] Agree

L

7. Select installation folder, check Everyone or Just me and click Next

8. Click Close

21
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i

Select Installation Folder RFXpel‘t

The installer will install RFxpert ta the following folder.

To installin this folder, click "Mext". To install to a different folder, enter it below or click "Browss"

Folder:

C:Pragram Files [xB6NEMSCAN CorparationsRFxpertt, Browse..

Install RFxpert for yourself, or for anyone who uses this computer:

(®) Everyone
(O dustme

\ |

Installation Complete

RF=pert has been successully installed.

Click "Cloze" to exit.

Pleaze use Windows Update ta check for any critical updates ta the .\MET Framework.

S
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Software Installation

9. If Keysight 10 Libraries Suite is not installed on your PC, the screen below will be displayed. You need
an internet connection for this installation. Once you establish an internet connection click OK.

Keysight 10 Library does not exist.

Please download and install Keysight IO Library

10. You will be redirected to the Keysight website and the Keysight |O Libraries Suite installation package
will be downloaded. Once the download is complete, open Downloads folder on your computer and
double click on installation package.

Application Tools

Home

Share  View

Manage

@ ~ 4 J » ThisPC » Downloads

Date

Type 5|

2017-05-18 1:37 PM

Js Downloads A Name
. I Keysight Instrument_Control_Bundle_4.2017.exe

Application J
> 4

11. While the software is installing, the screen below will be displayed at the same time.

To unzip allfiles in this self-extractor file to the specified

Unzip

folder press the Unzip bution.

Unzip to folder:

Run WinZip

Instrument_Control_Bundle_4.2017) Browse. Close

Overwite files without prompting m
[v]When done unzipping open:

\Start Bundle Installer bat m
] Unzipping BenchVue2017.exe

12. Click “Install now” under IO Libraries Suite and click Next

KEYSIGHT

TECHNOLOGIES

22

10 Libraries Suite

= discover and connect to insfruments
M Install now

M | eamn more

Command Expert

= build instrument control applications
M Install now

W Leam more

BenchVue

= view and capture data without programming
M Install now

M | eam more

W Watch videos

KEYSIGHT
TECHNOLOGIES

‘Welcome to the InstallShield Wizard for Keysight 10
Libraries Suite 2017

The InstallShield® Wizard will install Keysight IO Libraries Suite
2017 on your computer. To continue, click Next.

RFxpert
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Software Installation

13. Select Agree and click Next

License Agreement

Flease read the following license agreement carefully. 'T(EE,YN%!EQ €5

KEYSIGHT SOFTWARE END-USER LICENSE AGREEMENT *

ATTENTION: THIS SOFTWARE IS SUBJECT TO THE END-USER LICENSE AGREEMENT
(“EULA”) SET FORTH BELOW.

TO INSTALL OR USE THE SOFTWARE, YOU MUST FIRST AGREE TO THE EULA BELOW. IF
'THE EULA IS PRESENTED TO YOU ELECTRONICALLY AND IF YOU HAVE READ, UNDERSTAND
/AND AGREE TO BE BOUND BY THE TERMS OF THE EULA, CLICK “AGREE™. IF THEEULAIS

(_) Do NotAgree

<Back Next> Cancel

14. Select Typical and click Next

KEYSIGHT

TECHNOLOGIES

Please select o setup type

(@) Typical
Recommended features foryour configuration will e installed.

(") Custam

ﬁ; Choase the program features you want to install. Recommendsd for advancad
Users

<Back Next> Cancel

15. Check or uncheck “Automatically share anonymous diagnostic and usage information® and click Next

User Analytics Options
A KEYSIGHT
TECHNOLOGIES

Selectthe aptions you want and deselectthe options you do notwant. Click Nextto continue.

I [ FAutomatically share anonymous diagnostics and usage infamation: I

<Back Next> Cancal

23
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16. If Microsoft Visual C++ is not installed on your PC the screen below will be displayed. Click Install

Start Copying Files

Review seflings before copying files 'T‘EE):S(;!&':’E‘!

Selup has enough information o start copying the program files. [fyou want to review or change any
setings, click Back. Ifyou are satisfied with the settings, click Next o begin copying files.

Current Settings:

Microsoft Visual C++ 2008 Redistributable X836
Microsoft Wisual C++ 2008 Redistributable XB4
Micrasoft Visual C++ 2010 SP1 Redistributable X86
Microsoft Visual C++ 2010 SP1 Redistributable 64
Microsoft isual C++ 2012 Redistributable X86
Microsoft visual C++ 2012 Redistributable X84
Microsoft Wisual C++ 2015 Redistributable X86
Microsoft Wisual C++ 2015 Redistributable X64

I/ Shared Components

I¥I MET Shared Components

InstallShield

<Back Install Cancel

17. While the software is installing, the following screen will be displayed.

(E X
INTERCHANGEABLE VIRTUAL INSTRUMENTS - -
Updating System

The features you selected are currently being instelled
Publishing productinformation

Time remaining: 0 secands

Cancel

18. Click on Finish

InstallShield Wizard Complete

The InstallShield Wizard has successfully installed Keysight 1O
Libraries Suite 2017, Click Finish to exit the wizard.

KEYSIGHT
TECHNOLOGIES

< Back Cancel

19. Verify that the Keysight 1O Libraries Suite is set as primary VISA. %

* Double click on the 10 icon on the right corner of your screen Customee.
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* Look at the bottom right of the 10 window and confirm it displays Keysight VISA is primary
ﬁ Keysight Connection Expert 2017 & 7 o \:I}
Instruments PXI/AXIe Chassis
My Instruments +add C B Y
V' LAN (TCPIPO)
\ i
L]

If it doesn’t, go to Control Panel/Programs/Select Agilent I0/Change/Modify/Select PRIMARY [in
Windows 7 or equivalent path for other Windows OS]. Select Modify and click Next

Modify. repair. or remove Keysight |0 Libraries Suite 2017.

es ill i EYSIGHT
‘w KEYSIGHT Select the features setup will install. KE i
Fi e 2 TECHNOLOGIES TECHN

Il version number: 18.0.21916.2 E LOGIE CHNOLOG IES

Anidentical version of KeysightIO Libraries Suite 2017 is already installed on your PC. You may Select the features you want to install, and deselect the features you do not want to install.
modify, repair, or remaove it Click one of the options below,

@y BT oo o bores oo i

B Ke'ys\ght VISA as primary VISA VISA, VISA COM, SICL,

Keysight 488, and the

Keysight IO Libraries Suite,
together with a variety of

O Repair drivers for forms of 10

‘commonly used with Keysight
g' Reinstall all pragram features installed by the previous setup. instruments

Select new program features to add or select currently installed festures o remove

() Remove

@ Remewve all installed features. 0.00 MB of space required on the C drive
168722.32 MB of 5 available on the C drive
InstallShield A

InstallShield

<Back | Ned> || Concel

* Check Keysight Visa as primary Visa and click on Next and then click Finish

User Analytics Oplions Maintenance Complete
KEYSIGHT . . .
TECHNOLOGIES InstallShield Wizard has finished perdorming maintenance

operstions on Keysight 10 Libraries Suite 2017
Selectthe opfions you want, and deselect the options you do notwant Click Nexito continue.

bmstically share snanymous diagnostics and usage infamation

‘\‘\h‘\‘l‘l‘\‘\h‘\‘\
TECHNOLOGIES
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Guidelines for Setup

A proper setup is more critical for frequencies below 1 GHz but is important for measurements done
with RFxpert at higher frequencies as well. The following guidelines will help reduce the effect of the
environment on the measurement results.

26

Platform on which to place the RFxpert

Wooden desk is the best possible platform.

Metal desks may affect the repeatability of the test results. If you have no other option than a
metal desk then please make sure that once you place RFxpert on the desk, you don’t change its
position for the consecutive tests.

Anti-static mats are conductive and may affect the repeatability of the test results. Please avoid
using antistatic mats under or around RFxpert. If you have no other option than using an antistatic
mat then please make sure that once you place RFxpert on the mat, you don’t change its position
and you run tests in the same position.

Objects around RFxpert

Leave a minimum 30 cm distance between RFxpert and the objects around it.

Use wood / styrofoam to prop up the antenna or wireless device on RFxpert. Do not use metal.
There may be metal studs in walls. Keep a minimum 30 cm distance from the wall.

Desk frame can be made of metal. Keep RFxpert at least 30 cm away from any metal frame.

Make sure that cables (connection cables between RFxpert and PC) don’'t go over RFxpert. To
minimize emissions from RF feeding cables, you can use ferrite beads.

Objects above RFxpert

Make sure you don’t place RFxpert under metal shelves. Large metal reflectors above RFxpert
may affect the repeatability. For example fluorescent lights are often hung in large metal boxes.
Be cautious about placing RFxpert under these light fixtures.

RFxpert
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Verify RFxpert and PC Connection

Verify RFxpert and PC Connection

Before starting your RFxpert application, please make sure that RFxpert is plugged into the USB port and
is powered on.

Once RFxpert is connected, an orange USB icon (&) will be displayed on the 2 DVD/C-ROM dives
taskbar. If there is no connection, a red USB icon @ will be displayed. f| ** § EMSCAN RPmen (02014 )
Alternatively, you can verify if the device is recognized properly by opening the

“‘Device Manager” in the “Control Panel”’. Under “Custom USB Devices” you should see “EMSCAN
RFxpert © 2014”.

Once the device has been properly recognized you can start RFxpert application by double clicking @
on your desktop. You can also launch the application from the Program Menu under EMSCAN tab.

= Dmo \
I @ RFxpert.exe I
i PCvrnart irn J

The first time you start RFxpert application, it will ask you to update configuration file.

1. Click Yes y. s -\

Eror 1053 : Running RFxpert first time or not correct configuratin file.

Do you want te update configuration file?

2. The following dialogue box will appear. The update takes about 2-3 minutes

£ Updatng.. A

Please do not turn off power or unplug USE cable.

3. Once the update is complete, click OK

’ RFxpert \
0 Message 001 :

The configuration file updated successfully.

At this point a new scan can be created and run or existing data in the directory can be opened.

2! RFxpert



RFxpert Software
How to Position AUT/DUT on RFxpert

How to Position AUT/DUT for Exceptional RFxpert Accuracy

Proper positioning of the antenna under test (AUT) or active device under test (DUT, a device with an
embedded antenna) on or above the lid of the RFxpert system is crucial to achieving exceptional RFxpert
accuracy out of the box. Guidelines for an appropriate set-up are provided herein.

DUT refers to either AUT or DUT in this manual.

DUT that can be tested with the 2-sided RFxpert scan techniques can only be 2D (patch, planar etc.) or
2.5 D (rod, multi-layer, mobile phone etc. whereby one dimension, Z is small compared to the other two,
Xand).

There are 4 position parameters to manage:
1. Position of the emission

2. Direction of the emission

3. Separation of the antenna
4

Position of the cable

1. Position of the emissions

Emissions should be centered in the middle of scanner for the frequency under test. This is not always
the physical centre of the DUT; for example the source of emissions will move up or down along a whip
antenna depending on the frequency. Not only should the emissions be centered, the very-near-field
emissions should be completely captured by the scanner and thus not extend beyond the edges of the
scanner. This can be easily monitored using the Near-Field Views of the RFxpert.

In this example, the tablet is physically centered on the scanner (Fig. 1. a). At GSM 850 MHz (Fig. 1.
b) the entire backplane of a tablet would radiate whereas at GSM 1900 MHz it could be the edge that
radiates (Fig. 1 c). In addition, part of the GSM 1900 emissions are not captured by the scanner (Fig. 1.
c¢). Hence, the tablet will have to be moved down the Y axis to be properly tested at GSM 1900.

ym;
B R

15

(c)

(@)

Fig. 1. (a) Tablet centered on the scanner (b) GSM 850 centered (c) GSM 1900 off centre

28
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2. Direction of the emissions

The radiation of the DUT must be directed
towards the surface of the RFxpert scanner.
The DUT can usually be placed parallel to the
surface of the RFxpert.

[\

&
[

!

N

Placing the antenna flat along the surface is

not always the best way to measure it. For gga@ﬁ.
example, a Vivaldi antenna which is an end-
fire antenna should be placed with its wider
ends onto the scanner as shown in Figure 2.

The best way to know how to position the
DUT is to have some understanding of the
antenna design but if nothing is known then a Fig. 2. Emissions directed toward the scanner
trial and error process can determine the main

radiation direction.

For omnidirectional antennas this is not as much a concern although some care should still be taken. For
example, do not direct the null of a dipole into the scan surface.

3. Separation of the antenna: Physical elevation above surface of the lid

The maijor contributor to the inaccuracy of an RFxpert measurement, especially efficiency measurement,
is the change that occurs in the radiation of the antenna as a result of its proximity to the scanner
underneath the lid. This effect is often referred to as the “coupling between the RFxpert and the DUT”
or “loading of the DUT by the RFxpert” and can be avoided by placing the DUT farther from the scanner.
However, as the DUT is moved away from the scanner, the signal strength might dip below the 0 dB
threshold and/or the very-near-field emissions might exceed the size of the scanner and thus not be
captured properly. Also, the shape of the radiation pattern becomes more and more directive and less
and less accurate as the DUT is moved away from the scanner. This is mainly because larger separation
between the scanner and the DUT decreases the angle of validity of the predicted far-field pattern.

The effect of antenna separation on the radiated power and predicted efficiency is calibrated in the
RFxpert software.

In any case, the radiating source of the DUT can never be higher than 115 mm from the lid for the RFX2
and 45 mm for the RFX.

S,, is the primary parameter to monitor when optimizing the position of an antenna. S,,, commonly
referred to as the reflection coefficient (or its positive magnitude as return loss), is a measure of how
much power is reflected from the antenna back to the source. A properly matched antenna has a small
S,, and can hence receive most of the source power in order to radiate it. S,, can be monitored directly
on the VNA connected to the antenna. It is also displayed on the RFxpert after an S,, Scan or during a
Swept Frequency Scan.

Note that the difference in the power that is delivered to two antennas with return losses of -10 dB and
-12 dB is only 4%.

A- Efficiency measurements

Place the DUT 1 inch/25 mm away from the scanner for all frequencies. Please use the foam spacer
that is supplied with your unit.

2 RFxpert
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Keep in mind the need for the very-near-field emission to be within the scanner outline as recommended
in Section 1 above. This will decide whether the RFX is suitable for your DUT or if the RFX2 is required.

B- Pattern Measurements

Up to 1 GHz
Monitor S,; and try to lower the antenna as close as you can without significantly affecting S,

« For narrowband antennas, a shift in S,, resonant frequency of more than 1% is unacceptable but
fortunately uncommon. For wideband antennas, the resonance shift is not critical unless measurement
are done right at the band edge.

* Itis recommended to maintain an S,, better than -5 dB, assuming the free space performance is also
better than -5dB

Note: Depending on the initial/unloaded S, , this limit might be lower. For example, if the initial S, is -15
dB try to maintain an S,, of better than -8 dB at resonance.

When the S, can’t be measured, such as when testing an active device, a default value of 25 mm
above the lid surface is a good rule of thumb.

Above 1 GHz
Monitor S,; and try to lower the antenna as close as you can without significantly affecting S, :

* For narrowband antennas, a shift in S,, resonant frequency of more than 1% is unacceptable but
fortunately uncommon. For wideband antennas, the resonance shift is not critical unless measurement
are done right at the band edge.

* Itis recommended to maintain an S,, better than -10 dB (unless the free space S, is higher)

When the S, can’t be measured, such as when testing an active device, you can place the active
device flat on the lid; zero elevation.

Setting the separation in the Node Settings Setings B

Scan Setings | Modulation Setings | Separation | SelectScan Range | PRAD Offset Table

Once the antenna has been properly positioned
above the lid, the distance between the surface of e e
the lid and the antenna has to be set in the RFxpert
application by the end-user. The RFxpert has no way
of knowing if the amplitude of a signal is from a low {
powered antenna next to the lid or a higher powered
one a few inches or centimeters away from the lid. Fig. 3. Setting the separation value

Simply go to Node Settings and select the Separation tab as per the Figure 3. Then enter the proper
value.

The good news is that if you forget to enter the separation value before the scan or made a mistake, you
can enter the proper value after the scan and all the data will be adjusted.

While it is easy to figure out what is the distance from a patch or PCB antenna from the lid — it will be
surface to surface — things are not always obvious for a device, a thicker antenna, a log-periodic antenna
or a Vivaldi antenna for example.

In the case of a rod or whip antenna, like a monopole or dipole placed parallel to the lid, half of the
diameter will be a good separation value.

30

RFxpert



RFxpert Software
How to Position AUT/DUT on RFxpert

In the case of a large device with an embedded antenna or a thick antenna where it is hard to tell the
distance from the lid, it is best to lift the DUT as high as possible though no higher than 115 mm from the
lid for the RFX2 and 45 mm for the RFX, as the error in the Py
compensation of the separation will be relatively smaller the - “"‘-’_Gmm
farther away you are; provided that the entire emission remains in W
the centre of scanner as mentioned previously. Then you want to
focus on the antenna surface not necessarily the device surface.
If there are multiple radiating surfaces such as in the thick patch
example in Figure 4, it is best to choose the centre point of the
structure, between the upper patch element and the ground plane
above it.

xhor

z
-t

+—— Upper patch —

—— Lower patch——

i
J I'i Modified L-strip
W

-—
o

SMA

J

However, if you know which patch or maybe even the ground plane

is emitting at what frequency, then do enter the exact distance. Fig. 4. Thick complex antenna

In the case of a log-periodic antenna (Figure 5) or Vivaldi antenna (Figure 6), the separation is clearly
frequency dependent. As the frequency increases the aperture will effectively move up to the narrower tip
of the log-periodic antenna and to the thinner part of the “arms” of a Vivaldi antenna. You therefore place
the antenna flat on its side first (Fig. 5. a) and the near-field view will allow you to actually see where the
radiation is coming from at different frequencies (Fig. 5. b and c). Once you have this data, you can enter
the elevation when you test such antenna properly, set vertically and emitting toward the scanner.

L1

R [
 |EaEE==
| ImEE

(a) (c)

Fig. 5. (a) Log-periodic antenna on scanner (b) 1 GHz ~ 110 mm from end (c) 5 GHz ~ 0 mm from end

For example, at low frequencies (up to 1GHz) you would
end up using 0 mm as separation but at high frequency
like 6 GHz you might use an elevation equivalent to about
half the size of Vivaldi antenna, 2 inches or about 50 mm
for this model in the Figure 6.

4. Position of the cable Fig. 6. Vivaldi antenna

Back-fed is better in order to have the cable perpendicular to the lid. Use a right-angle connector if
required as shown in the Figure 7 below.
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If the cable is along the surface of the lid, check the near-field results to see its impact as per the Figure

8 below.

Amplitude

Fig. 8. Near-field emissions of the cable

If you use absorber material or ferrites as in Figure 9 or the mask function as in Figure 10, you can control
or even eliminate the effect of the cable to get accurate far-field data of the DUT, not of the DUT and

cable.

apnudwy 4
[ ]
[T

Fig. 9. Reduction of the cable emissions with ferrites

The mask feature can be found in the Node Settings
/ Select Scan Range as per the Figure 10 below. It
should be used as a last resort as it is less effective
as physically removing the emissions. By highlighting
the probes underneath the parasitic radiation from
the cable, the cable emission will not be taken in
account in the far-field.

Conclusion

Properly positioning the antenna or device under
test in the X Y Z coordinates above the RFxpert
as explained above will result in outstanding
measurement accuracy. And given the sub-second
speed at which the measurements are taking place,
your RFxpert will be a very effective tool.
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Settings

Separation PRAD Offset Table

1

oK. Cancel Apply. ‘

Fig. 10. Removing the effect of the cable
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Menu Bar

The Menu Bar with a minimized Ribbon is shown below. This bar allows the user to choose a project
node, to select a scan type, to start a single scan, to scan continuously, and to stop a scan, as well as to

specify scan settings.

Quick Access Toolbar

Recent Documents
1CPDemo File RHCP and LHCP.tfx

2 CUsers\..\Demo File 2.1

+ Start a new project

» Open an existing project
» Save a project

» Close a project

» Access to recent documents

About RFxpert

Copyright (C) EMSCAN Corporation

Al ights Reserved by EMSCAN Corporation.
UsA

purpose to display data received from RFxpert. Duplcaton of the:
Software i srcty prohbited.

Customize
Quick Access Toolbar

Show Below the Ribbon

Minimize the Ribban

Preference

Report Generator

Scan Data

RFxpert Version 4.2 - Project1

Customize Window
Color Scheme

Office 2007 (Blue Style)
E\ Office 2007 (Black Style)
Office 2007 (Silver Style)
Office 2007 (Aqua Style)

Resize Windows

(=M P=Nalzle S Ter=ia]

Buttons

Project Node

Fixed Frequency Scan

Swept Frequency Scan

X

B

Base Station Emulator Scan

Multi Co-Planar Scan

© 8

Aggregate Node

Buttons
@ S,, Scan
i3 scanonce
[0 scan Continuously
ﬁ Stop Scan
Settings

Switch between NF and FF views

RFxpert Help

User Manual

End User License Agreement

License Update
Configuration File Update

Switch Config File

About.. J

RFxpert




RFxpert Software
Menu Bar

The Menu Bars with a maximized Ribbon are shown below.

The Preference tab displays the options for scan data. Please go to page 45 for details.

RFxpert Version 4.2 -

Near-Field Properties e Efficiency Properties File Options.

RFxpert Version 4.2 - Project 4.2.3.2.rfx
\ eference T —
B PRAD.EIRP i 7 = = B o
| )esoemecnn 1 HeAmpliuce | by Ampituce | byAmpituce [ Combioss Thew P
All Scans || Efficency Chart | | | $11 Phase Hx Phase Hy Phase Hx Phase Hy Phase Cut 1 Chart Amplitude ’- [7] Amplitude
Generate Report [] Gain Chart Cut 2 Chart Phase [] Phase Axial Ratio

Far Field Linear Polariztion Far Field Circular Polarization | CTIA Parameters

General

The Scan Data tab displays the options in the Scan Settings tab of any scan type.

P ce Report Gene r
Moo
Power in(dBm)'El Sensitivity(dBm)

Return Loss(dB)

Supllied Power Conducted Sensitivity

. RFxpert
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Quick Facts about Status Bar

Status Bar is positioned at the bottom of the client software. Status Bar is shown below. This bar displays
number of scans, progress bar, external equipment connected and the RFxpert connection button.

No. of scans

External Equipment Connection & Refresh Icon
Highlighted tab shows which instrument is connected.

Example shows that Network Analyzer is connected.

INﬂwmk Analyzer |i1wer Meter: N/A  Base Station Emulator: N/A - Signal Generator: M/A '

If you connect an instrument after the RFxpert software
application has been launched you must click on &) to
detect the instrument.

Network Analyzer: N/A  Power Meter: N/A  Base Station Emulator: N/A _ Signal

Progress Bar
IEEl Scan completed
B Continuous scan is in progress

Progress of opening and calculating the far-field
values behind the scenes and saving the data

35

Connect / Disconnect RFxpert
@ shows that RFxpert is connected

® shows that RFxpert is not connected.
Plug the USB cable (page 18) and click
on the USB icon to establish connection.

RFxpert
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Quick Facts about Menu Bar

Multiple project files can be opened at the same time. Each file will have a tab showing the project name.
If there is no room to show the name of all opened projects the names can be accessed from the drop
down menu.

Scan Data

E- %2 1800 P2
% 1800 P1

If there are any changes compared to the saved version of the project file this will be indicated by an
asterisk behind the file name. Ensure to save the file before closing.

QTEEE

Preference Report Generator
wProject | Demofilezrtxr x| |
WAEWE

..... 5. Copy of 1880 Free Space

The ribbon bar can be displayed/maximized or hidden/minimized. To switch between the minimized and
maximized state, right click anywhere on the dark grey ribbon e.g. Preference and click on “Minimize the
Ribbon”. And to maximize click on “Minimize the Ribbon” that should have a check mark next to it. The
ribbon bar has preference, a report generator and scan data functions. Details on these functions can be
found on page 45, and page 48.

RFxpert Version 4.2 - Project 4.2.3.2.rfx

Report Generator Scan Data Near-Field Views Holographic "AR-FIELD LINEAR PO

Radiation Pattern Correction D Enable Holographic | Linit Afm ¥ | Use letter || bnit Parcent d Store With Dataset

Customize Quick Access Toolbar...

Show Quick Access Toolbar Below the Ribbon

I I Minimize the Ribbon I
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All project trees, scan types and notes are called nodes. A project tree can be considered as a repository
to store related data. You can add project node, different types of scans and/or notes to a project node.
You can rename, copy and paste a node or node settings only.

How to Add a Scan Type and Select Scan Settings?

To add a scan type either right click on the Project node and then select one of the scans, or click on one
of the icons on the task bar above the Project node.

G' U L5

Projectl

[11)]
3

LY Project node
Fixed Frequency Scan

Swept Frequency Scan
BSE Scan
Aggregate Node

Multi co-planar

511 Sean

To select scan settings, either click on in the main control bar or right click on the scan node and
then left click on “Node Settings”.

Preference Report Generator

@ :
Preference Report Generator Scan Once

Sean Continously...

Stop Scan

Mode Settings

Copy Node J

How to Rename a Node?

You can rename any node type. To rename a node or to further specify or label any scan types, left click
on the gray colored named field e.g. “Project node”. Then click on it again and enter the new name for
the field.

G}?%%ﬂ=

Preference Report Generator Preference Report Generator

i
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How to Copy and Paste a Node or a Node Setting?

To create scans with similar settings, you can copy a scan node or create a new node (of that type) and
copy settings. To copy a scan node first right click on the node and select “Copy Node”. Then right click
on “Project node” and select “Paste Node”.

1|_1EH);

Preference Report Generator

Fixed Frequency Scan

LMy Fixed
Swept Frequency Scan

BSE Scan

Scan Once

Aggregate Node
Multi co-planar
511 Scan
Project Node

Scan Continously...

Mode Settings

Copy Node

Copy Node

Paste Node

V. > 4

To copy the settings of an existing scan node to a new scan node, first select the scan type then right click
on the node that you want to copy and select “Copy Node”. Then right click on “Project node” and select
“Add Node With Copied Settings”.

Report Generator

2-%
Ny RHC|
-y Fixed

Fixed Frequency Scan

Swept Frequency Scan
BSE Scan

Aggregate Node

Scan Once

v Fied Multi Co-planar
511 Scan

Project Node

Scan Continously...

Stop Scan

Hode Settings

Copy Node
Copy Node

Paste Node

Paste Node
Add Node With Copied Settings

G Y \ y

A Project Node in one file can be copied to a different file. To copy a Project Node first right click on the
Project Node and select “Copy Node”. Then switch to the other file and right click on “Project node” and
select “Paste Node”. A Project Node can not be copied in the same file.

W= G aielis)

e

22 1800 Fixed Frequency Sean Fixed Frequency Scan
1.2 1800 Swept Frequengy Sean Swept Frequency Scan

% 800 BSE Scan BSE Scan

8. Copy Aggregate Node Agaregate Node
i 8 Copy Multi Co-planar Multi Co-planar
"5 GEM!
L 511 Scan 511 Scan
" GSM
& Aggr Project Node Project Mode
LS
bt Copy MHode Copy Node

Paste Node
ettir L A ings J
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How to Export Data to Excel or Copy an Image?

To export data to Microsoft Excel, right click on the node, and select “Export to Excel”. The window below
will appear (Microsoft Excel must be installed on your computer).

Preference

Report Generator

—
& RSN > W Fuif O
=--"& Project node
Ll Fied Freque e (s Export Data To Excel Options n
5can Once
SContinoushis Current location: m Gy
Node Settings Daia List
Copy Node [ INear Field Data (@ Al rows
["]Far Field Data
[ JBisection Data () Selected rows
Export ...
| Estimated time:  0h Om 4s
Wiew Notes
Delete Node
y Ganc

You can choose specific data or all data (Data List) to export to Microsoft Excel.

To copy an image, right click on the image and select “Copy Image” (below image on the left). To export
data to an excel file, right click on the image and select “Export to an Excel file” (below image in the
middle).

Mear-Field Wind

Copy Image

Export to an Excel File Export to an Excel File

Comparison Mode

Comparison Mode

Froperties...

24

QIR 20 Hi Phase QIR 20 Hi Phase

How to Add Note to a Node?

To add notes to project node or any other scan types, right click on the node and select “View notes”.

\ Jig )=
Preference Report Generator
[ Projectt x| -
S PSPy DwFmifof

=-* Project node

[N Ficcd Frequenc. <. N

Scan Once

Scan Continously...

Node Settings

Copy Node

View Notes

Delete Node
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You can view the scan results of “Fixed Frequency Scans” and “Swept Frequency Scans” in three
modes: Near-Field View, Far-Field View Linear Polarization and, license permitting, Far-Field Circular
Polarization. Please refer to page 55 for viewing “S,, Scan” results. You can switch views from the view
tool bar that is on top right corner.

Near-Field Views

Near-Field View displays renderings of near-field amplitude and phase patterns. These results are further
broken up in the two polarizations Hx and Hy. The results are from the scanner surface located 25 mm
below the scanner lid surface.

There are 8 windows for the Near-Field View: Each of the polarizations can have Amplitude and Phase
shown in 3D or 2D views. You can switch between the 3D and 2D views by clicking on the tabs at the
bottom of any window.

Sl r N NdIGEY 20 Hx Amplitude

In all 2D image windows, when the cursor is moved to any cell, column, row and variable value (e.g.,
magnitude or phase of Hx or Hy)” is displayed. In all 3D image windows, you can rotate the image, by left
clicking on the image and dragging it. To return the image to its original position, right click on the image
and select “Reset position”.

Reset position

Mear-Field Window

Copy Image

Export to an Excel File

Comparison Mode

Properties...

Hxx Amplitude

ST E 20 Hx Amplitude 2D Hx Phase
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To expand the window double (left) click within the red outlined parts of the window (below image on the

right). To return to the original size double click on the same area again.

2D Hx Amplitude

Far-Field Views

Right click on the far-field image to display menu options (Image on the right). You
can reset the position; define cuts to be displayed; copy the image, export data of the
image to Excel; display Normalized to 0 dB, directivity, gain, realized gain, phase or

properties of the image.

Far-Field Views Linear Polarization

In the Far-Field Linear Polarization View there are 8 views: three hemispherical views
(Combined, Theta, and Phi), three Bisection views (Combined, Theta, and Phi), and

two Bisection Cut views containing the Combined, Theta and Phi patterns.

r Reset position 1
Min/Max Cuts
Max and Max = 90° Cuts
v | 0,90 Cuts
Define cuts
V' || Hide cuts
Copy Image
Export to an Excel File
Comparison Mode
v || Normalized to 0 dB
Directivity
Gain
Realized Gain
L Properties... J

Near-Field Views Holographic EIZE|IRpRRI LR LeIIFANNISIES -ar-Field Circular Polarization 511 Views { Style ~ System ~

From any one of the three renderings of the hemispheres you can define which phi angles the bisection
cuts represent by right clicking on the image. In the default state, these cut lines are hidden. They can
be displayed by un-checking the Hide Cuts option. To customize cut angles left click on “Define Cuts”. A
dialogue box will pop up as shown in the image below. You can either enter the angle or slide the button

for desired selection.

Reset position

Min/Max Cuts
Max and Max + 90° Cuts
Vo,

Export to an Excel file
Comparison Mode
Normalized to 0 dB

Directivity

ombined BLEES

Far-Field Cuts Angle

First cut angle: | 0

Second cut 90

As described in the Near-Field Views section you can also “Copy Image
rotate the image and reset to the default position.
41

Reset position

Min/Max Cuts

Max and Max + 90 Cuts

v | 0, 50" Cuts

” o«
I

Hide cuts

CopyImage

Export to an Excel file

Bl |V | normalized to 0 dB
Directivity

Export to an Excel file”, or
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2 z ™\ The cuts that determine the views in the bisection window can be displayed as
white cut lines on the 3D far-field pattern. There are several options for selecting
which cuts will be displayed. The first one is Min/Max, which will display the cuts
that contain the minimum and maximum values of the far-field pattern. The second
.y | is Max and Max +90° Cuts. This will search out the maximum value and display
this cut along with the orthogonal cut. The last one is 0, 90° Cuts which will
display the 0 and 90° values of the far-field pattern.

\ % J

In all bisection view windows, you can switch between Cartesian and Polar view
by right clicking in the window area. You can select the data to be displayed in the Bisection Cut1 and
Cut2 windows by right clicking on the display area and then checking Combined or Theta or Phi.

-Section 1 opy Image
Export to an Excel file
Bi-section 90.00° Amplitude cut (

Copy Image

Export to an Excel file Switch to Polar or Cartesian view

Combined

Switch to Polar or Cartesian view Theta

Phi
Mormalized to 0 dB
Directivity Mormalized to 0 dB

Directivity

Phase
Properties...
Properties...

Theta Phi

Bi-section 90.00° Amplitude cut [ Normalized to 0 dB )

Far-Field Views Circular Polarization

The circular polarization is an optional and licensed feature that can be enabled on any system. The
part number for this option is 3000-0303. Please contact EMSCAN or your dedicated EMSCAN Sales
Associate to place an order. There are 10 windows in this view: Four hemispherical views (Combined,
RHCP, LHCP, and Axial Ratio), four Bisection views (Combined, RHCP, LHCP, and Axial Ratio), and two
Bisection Cut views containing the Combined, RHCP and LHCP patterns. Similar to the linear polarization
views you can switch between Polar and Cartesian views and you can select the data to be displayed in
the bisection Cut1 and Cut2 windows by right clicking on the display area and then checking Combined
or Theta or Phi.

Data List / Charts Window

r‘ﬂ'_"* W™\ ‘'Data List” table can be used as a data navigation tool, when either many
o = 1= | single scans are run or continuous scans are run. You can also switch
3 = w § between the Radiated Power “Data List” and Radiated Power “Chart”
S o s 4 using the tabs at the bottom of the window. The Radiated Power “Data
Arenna fcincy = == |st” displays power “measurements” in the far-field, EIRP — effective
o= = b isotropic radiated power or PRAD — total radiated power (measured for
e et o | one hemisphere).
+ | ERP 6.70 6.70
1DD 7% = = | The Radiated Power “Data List” shows EIRP and PRAD values for single
o ... or multiple samples. Other contents of the “Data List” can be selected by

right clicking on the Frequency, Efficiency, Gain, PRAD, EIRP title row.
Column selection menu will appear. Check the items to be displayed on the “Data List” from the menu.
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The far-field 3D views are presented in a Directivity sense by default. You can switch between different
representations of the far-field by right clicking on a far-field window or chart. The options are to have the
far-field displayed in terms of normalized to 0 dB, Directivity, Gain, or Realized Gain.

Reset position

Min/Max Cuts

Max and Max + 90" Cuts
0,90° Cuts

Define cuts

Hide cuts

Copy Image

Export to an Excel file

Mormalized to 0 dB I}

[EEPERT heta Pni Directivity

Realized Gain

Bi-sectio 0° Amplitude cut ( Nommali

Properties...

Modifying “Data list” Content

“Data list” can be further processed or modified by right clicking on any entry in the row in the table, and
then clicking on the choices presented. You can retrieve the data that is unintentionally deleted by right
clicking on the “Data list” and then clicking Un-Delete.

Note: If you save a file after deleting a data, the deleted data cannot be restored.

Swept Frequency data can NOT be deleted/un-deleted

ﬁta list / charts
Frequency (M...  Amplitude (dB) Phase () =

1755.00 Delete
1765.00 Un-Delete
1770.00 Add/Edit Notes
1775.00
1780.00 Export Data List to Excel File
1785.00 Copy Whaole Window Image
1790.00
1795.00

To add/edit notes for a particular measurement row click on “Add/Edit Notes”. Enter the title, and the
details of the note. To view the note, move the cursor to the specific row, and right click to choose “Add/
Edit notes”.

iated Power List Notes

Title v Add [ Update Clear Note

Detail

ata list / charts

Frequency (M...  Amplitude (dB) Phase () *
1750.00 -318 32.38

Delete

Add/Edit Notes |

Delete Note From Note List oK Cancel

. J
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Frequenc.. Efficiency..  Gain(dE) ERP(dBm) “§  the patterns generated for that particular sample measurement. To

cata [EEmE "\ Clicking on any data row will update the rest of the views to reflect

o copy all the views associated with a particular row in the “Data list”
T et 271 click on “Copy Whole Window Image”. To export data to an Excel
i o : 2 file, right click on the image and select “Export to an Excel file”. To
E Export Data List to Excel File 392 . . . . “ ”
180 447 copy one image, right click on the image and select “Copy Image”.
181 I Copy Whole Window Image I 4.08
182 5.55
183 5.85 = Radiated Power
L ——_— The Radiated Power chart shows a
plot of the PRAD and EIRP values - —
over a sequence of samples. To export data (the whole table) from
Radiated Power “Data list”, right click on the table, and select “Export to

an Excel file”. Tl

To copy an image right click on the image and selecting “Copy Image”.
You can paste the image on any of your reports.

In all 3D image windows, you can rotate the image, by left clicking on TR KT

the image and dragging it. To return the image to its original position,

right click on the image and select “Reset position”. When the cursor is moved to any cell on 2D images;
column, row and relative phase angle data information is displayed. In all 2D charts, you can zoom in by
clicking and dragging over the area to zoom to. While zoomed in you can scroll through the chart using
the scroll buttons on top and to the side of the chart. To reset the zoom, simply double-click on the chart.

0
Reset position

Min/Max Cuts

V' | Max and Max + 90" Cuts
V' || 0, 90" cuts

Define cuts

Hide cuts

Copy Image

Export to an Excel file

24
V| Normalized ta 0 dB
Directivity

w Theta Phi ain LTI 2D Hx Amplitude i-section 0.00° Amplitude cut ( Normalized to 0 dB |

The default setting for the amplitude scales for the Near-Field Pattern is auto scale. To set the scale
controls manually, right click on any image, and select “Properties”.

Near-Field Window

Pattern Setting Properties

Copy Image
Export to an Excel File Scale Properties

Scale

[t

Comparison Mode

Froperties

2

N \ ==
R FHA 20 Hx Phase
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Preference

The Preference option has settings for the user’s preferred units. When the user has a scan that contains
near-field data they will have the option of switching between units of dBuA/m and A/m for the near-field

data.

Preference Report Generator Scan Data

|| With Near-Field Window | || Enable Holographic f§ Unit|A/m -

| Zp{mm} =

When there is a scan that contains efficiency data there will be the option of switching between units of
dB and % for the efficiency value.

Scan Data

raphic ‘ Un'rt|Nm 4 it |Percent
| Percent

dB

If the user has an RFxpert which comes with columns indicated by numbers rather than letters, they can
change the software to also display columns as letters.

in Data

it|Percent

| Percent

dB

Client SW calculates far-field data based on near-field data in the background. If a project file is saved
without checking Store with Dataset, client SW will not store the calculated far-field data and will calculate

the far-field every time this file is opened.

rNote: )

Saving a file with Store with Dataset
checked enables immediate analysis
of the scanned data; however, file size

[/] Store With Dataset I can be 300-400 times bigger. Otherwise

every time you open the file, the near-
field data is processed to provide the
far-field results and it may take time for a

@rge dataset. Yy

‘es ‘ File Options

0 RFxpert
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Radiation Pattern Correction

The Radiation Pattern Correction is designed to improve the pattern accuracy, especially at high
frequencies. It is visible when the ribbon is not minimized.

It combines the Near-Field Window and the Far-Field-Correction Window. The role of the near-field
window is to minimize the effect of truncation error that occurs due to the finite size of the scanner. The
far-field correction window is correcting for the finite aperture effect.

This feature is ON by default for scans at any frequency. It should be unchecked for a Multi Co-Planar

scan (MCP).

Though it is not recommended, the Radiation Pattern Correction function can be turned off by simply
deselecting the check box. It will allow comparison with older scans that were run without the Near-Field
Window and Far-Field Correction Window.

Preference

Radiation Pattern Correction

Report Generz

Zp(

Preference

["| Radiation Pattern Correction | | | B
Zp{m

Report Generz

The Near-Field Window corrects for the ripples created by the Fourier transformation of a data set ending

abruptly.
é — = = = = — )
, \ Rectangular Window
: : Tapered Window
- lmm
\, Wy
é : AY4 z Y4 z )
’ y
Ideal Case PWS PWS + NFW
\, \, J\_ Wy
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The Far-Field Correction Window deals with the pattern compression due to the finite aperture. A
compressed pattern would result in over estimated gain and a wasp shape pattern at 90 degrees.

r z

-

Ideal Case

\.

~

r

PWS + NFW

r

: N

-

PWS + NFW + FFCW

This The Radiation Pattern Correction is optimized for antenna elements in the center of the scanner. If
the elements cannot be placed in the center of the scanner it may be better to process the data without
the Near-Field Window. Significant near-fields within 5 cm of the center for the RFX2 and within 2 cm of

the center for the RFX would be considered in the center.

SR NGO 2D Hy Amplitude

Holographic Projection

EN T LTl 2D Hy Amplitude

Also known as back projection this feature will calculate the magnetic
fields on a planar surface at any distance from the scan plane. The
default distance is set to 0 mm which corresponds to the surface of the

scanner’s lid.

To select a distance other than the surface of the lid, simply enter the
distance in mm. Positive numbers show the projected fields below the

rNote: )

Currently the holographic projection
will derive the fields on an infinite
ground plane and display them on
an aperture equal to the scanner
size. This means it will not currently
be useful to estimate currents on a
specific metal structure such as an

lid; negative numbers above the lid which should be used if the antenna \antenna array. -
is away from the lid.
4 25 3 N
05
125 &
§ Yy

47

RFxpert



RFxpert Software
Viewing Scan Results

Report Generator

The report generator will export a set of images from the
RFxpert project directly into a Microsoft Word document. It
requires that Microsoft Word 2007 or later version be installed
on the computer. To use the report generator, select the scan
from which you want the results. Only results from one scan can
be exported at one time.

|| Efficiency chart
| Gain Chart

] 511

Go to the Report Generator section and choose the type of
scan results you want. There are two selections, 3D plots and
the 2D plots. To switch between these views choose the drop
down menu at the far left.

41

Project! > | Dema File Z.rfx* |

Each results window available in the RFxpert software is also available for the report generator. There are
a total of 37 different results available. Some scan types will not have all 37 available if they are missing
some of the required data for a scan type. Those will be grayed out in the report generator tab.

- || [ PRADEIRP Chart | || $11 Ampli || Hx Amplitude | [ | Hy Ampli ["| Hx Ampli [ | Hy Ampli || Combined | Theta .
[V] Effidency Chart | [ ] $11 Phase ["] Hx Phase ["] Hy Phase ["] Hx Phase ["] Hy Phase [] Cut 1 Chart | [] Amplitude | [ | Amplitude || [C] Cut 2 Chart | [C| LHCI

[”] Gain Chart [] cut2 Chart | [] Phase

The exported results must come from a single scan node in a single project file but multiple results can
be exported into the report. If “All Scans” is not selected then only results from the selected measurement
table will be exported. If “All Scans” is selected then every measurement result in the scan node will be
exported. Note that if there are a lot of scan results, this can take a long time (depending on the processor
speed of the computer, up to 30 seconds per measurement).

There is a separate report section called CTIA Parameters. It will create a report with all the CTIA
measurement data required for a mobile phone. This report is only available for a Fixed Frequency
Aggregate Scan. This section will thus remain greyed out unless you click on an Aggregate Node built
from two Fixed Frequency scans. For the list of all the CTIA parameters, please go to page 103.

After checking the boxes, click Generate Report.

*|| [ PRAD.EIRP Chart | || $11 Amplii || Hx Amplitude | [ | Hy Ampli || Hx Amplitude | || Hy Ampli || Combined | Theta Phi ["] Cut 1 Chart | || RHCP View CTIA Report
["] Hx Phase ["] Hy Phase ["] Hx Phase ["] Hy Phase "] Cut 1 Chart | [ | Amplitude | [ | Amplitude || [] Cut2 Chart | [ LHCP CTIA

[T] Cut2 Chart | [] Phase [7] Phase ] Axial Ratio

Microsoft Word will be opened and you will be asked to save the document. Switch to Microsoft Word
and click to save the document. If you click Don’t Save, Microsoft Word will be closed without saving the
document.

é Fixed Frequency Scan h

Microsoft Word

."H\'.
! %, Do you want to save changes you made to Document1?

Don't Save Cancel
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Scan Types

There are five scan types:

* Fixed Frequency Scan: Power, sensitivity and pattern measurement of a device under test at a
discrete frequency. With manual entry of source power and return loss, the software will also calculate
gain and efficiency; if conducted sensitivity value is entered, TIS will be predicted.

* Swept Frequency Scan: S,,, power, pattern, gain, and efficiency measurements at a single frequency
or a series of frequencies over a span through the remote control of a Network Analyzer (https://www.
emscan.com/products/antenna-testing/rfx2/). Scripts can be written.

* 8, Scan: S, parameter measurements as a function of frequency. S,, amplitude and phase are
measured at a single frequency or a series of frequencies over a span through the remote control of
a Network Analyzer (https://www.emscan.com/products/antenna-testing/rfx2/). Scripts can be written.

e Base Station Emulator Scan: Power and pattern measurements at a single frequency or a series of
frequencies over a span through the remote control of a Base Station Emulator (https://www.emscan.
com/products/antenna-testing/rfx2/). Scripts can be written.

e Multi Co-planar Scan (only for RFX2 model): Power and pattern measurements at a single
frequency for larger antennas like a 2.32 m x 2.32 m phase array antenna or a 2.32 m long antenna.
RFxpert combines up to 36 very-near-field measurements to provide far-field results in seconds. The
36 measurements are defined by up to 6 columns and up to 6 rows. This scan type can be applied to
Fixed Frequency or Swept Frequency or Base Station Emulator Scan types.

* RFxpert
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Fixed Frequency Scan

To run a “Fixed Frequency Scan”, right click on Project node, and choose “Fixed Frequency Scan” or just
click the “Fixed Frequency Scan” icon on the task bar.

Fixed Frequency Scan

Swept Frequency Scan
BSE Scan
Aggregate Node

Multi co-planar

511 Sean
Project Mode

Copy Node Fixed Frequency Scan

Ei-.t; Lode

To set the frequency, click on in the main control bar or right click on “Fixed Frequency Scan” and
then left click on “Node Settings” and “Scan Settings”.

N RET
\9 Preference  Report Genera

Scan Continously...

Stop Scan

Node Settings

Scan Settings Tab

Set the frequency of the scan.

Setings | Setings | I Range | PRAD Offset Table |

Select Frequency

[sereaene w: | < —

Source Power (Opfional)
Power In:
[JEnable

Return Loss:

Conducted Sensitivity

s Sensitivity:

Repeat Times |:| Store Data
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If you know the Power In and Return Loss values of the DUT, RFxpert will calculate the gain and efficiency
without using a Network Analyzer. Simply, check Enable box under Source Power (Optional) and enter
Power In and Return Loss values. Note that this option can only be set when you first create a Fixed
Frequency Scan. If you run the scan without enabling this option then gain and efficiency values will not
be calculated.

Settings

Scan Setings | Modulation Setiings | Separation | Select Scan Range | PRAD Ofiset Table

Select Frequency

Set Frequency: |2440] MHz

Source Power (Optional)
Power In: dBm
[Jenable «
Retumn Loss: dB

Conducted Sensitivity

Jns Sensiivity: dBm

Repeat Times: 1 [v]store Data

If you know the Conducted Sensitivity value of the DUT, RFxpert will estimate the TIS of the DUT without
going through a time consuming test plan. You must first enable and complete the Source Power data
fields.

Please go to page 82 in the FAQ section for an explanation of the RFxpert TIS proxy.

You also have the option to select the number of scans to run. Repeat Times is 1 by default. You can enter
any value between 1 and 34464. Clicking on the Single Scan button will now do multiple scans up to the
Repeat Times entered. The Store Data selection will either append the new scan data to the data list or
simply replace the last scan data e.g. check Store Data box, and enter 3 for Repeat Times. RFxpert will
scan three times and display all three scan data. Now uncheck the Store Data box and enter 3 for Repeat
Times. RFxpert will scan three times and display the last scan data only.

Settings

Scan Settings | Modulation Setings | Separation | Select Scan Range | PRAD Offset Table

Select Frequency

Set Frequency: 2440 MHz

Source Power (Optional)

[_JEnable

Conducted Sensitivity
Oms Sensitivity: dBm «

Repeat Times: 1 []store Data

Modulation Settings Tab

Scan Settings | Modulation Seftings | Separation | Select Scan Range | PRAD Offset Table

You can adjust the modulation settings by selecting between a constantly p—

on power source (CW/CDMA), a bursty source (labeled here as Bursty/ OmToMa:
TDMA/etc) or Advanced Setting for intermittent but predictable signal —
sources (e.g. WiFi) in the Modulation Settings window (minimum pulse Tt (2| a0
duration that RFxpert can support is 500 us). The Bursty/TDMA setting o

is tuned to measure GSM mobile devices but it may also support some
WiFi and other bursty signals. If a signal is not supported, the Advanced
Settings can usually be modified to measure almost any signal type. \ p
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( Note: R

ON —+

trigger point

OFF | —

threshold

holdoff ~minimum timeout
pulse

The advanced settings is used to synchronize the data capture with unusual pulse settings. A timeout period should be
chosen first. This will ensure the system does not get stuck waiting for the next pulse indefinitely. The initial period should
be chosen so that it is about 5 times the actual duration between bursts. Using an antenna and a oscilloscope can help
to determine this timeout period.

The threshold should be chosen so that the transition from ON to OFF will cross the threshold level. If the threshold value
is not known, it can be determined by trial and error; as a starting point, use -53 dBm and go up by 1dB increments until
the signal is capture or the upper limit is reached. If this does not capture a signal then go down by 1dB increments.

Once the hardware detects that the transmitted power has crossed the threshold level the system will wait for a holdoff
period before beginning data capture. This holdoff period can typically be left at the default value unless the burst has
a very slow rising envelope. After data capture has begun a minimum pulse duration of 500us is needed to ensure
Laccurate measurement. Finally a timeout period can be specified. y

Separation Tab

The near-field to far-field transformation needs to know the distance between the scan plane and the
antenna plane. The default value is assumed to be 25 mm which means that the antenna must be
positioned directly on the surface of the scanner.

H

For many devices it will be impossible to position the antenna =
so it is exactly on the scanner surface. To account for these |~
types of devices there is an increased separation value that
can be set. In the settings window of Fixed Frequency Scan, el
Swept Frequency Scan and BSE Scan there is ‘Separation’
tab.

Simply enter the distance between the antenna and the
surface of the scanner in millimeters or inches. The \ S
maximum separation value that you can enter for RFX is

45 mm and for RFX2 is 115 mm. The displayed limit will change automatically based on the connected
hardware i.e. RFX or RFX2. The far-field calculation will be automatically adjusted to account for the
increased distance.

Note that the measured values will vary as the separation changes even when inputting the proper
separation parameter but they will maintain the overall system accuracy.

Select Scan Range (Near-Field Mask) Tab
Please refer to page 62.
PRAD Offset Table Tab
Please refer to page 64.
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Swept Frequency Scan

This is the most comprehensive scan option which can measure power, pattern, gain, and efficiency.
Scripts can be written to test a range of frequencies through remote control of a Network Analyzer. To set
scan settings, first right click on the scan node and then left click on “Node Settings” to get the following

screen.
[Power Meter [Separsion I | PRAD Ofiet Table
,,,,,,,,,
,,,,,,,,,,
Start: 309 MHz
' Stop: 6000 MHz
— Points: 3
Preference Report Generator Scan Dal
© Projectl X ve Al
n
eeeeeeeee Lt
Add
T
Copy Node L [ cancar ] ”"J
Frequency Settings Tab

» To specify a sequence of equally spaced settings, set the start and stop frequencies along with the
number of samples (i.e. the spacing between points).

* Then click “Add” button under “Linear Sweep”. These will be populated in the right-hand window.

+ To add discrete frequencies enter a value in the window under “Single Point” and click “Add” button
in “Single Point” to enter. “Single Point” entry method can be repeated number of times (maximum
number of total entries is limited by the number of VNA settings).

Network Analyzer Tab

To set the GPIB address for the network analyzer, click
on Network Analyzer Settings. Most Network Analyzers
(https://www.emscan.com/products/antenna-testing/
rfx2/) are automatically identified by RFxpert software
once they have been detected by the Keysight 1O Libraries
Suite. If this is the case you can leave the GPIB address
as 0. You don’t have to set up any GPIB address when the
network analyzer is connected to the PC using crossover
Ethernet (IPv4) or USB.

If the Network Analyzer was connected after the RFxpert
application was opened, the RFxpert Application needs
to be made aware of this new instrument. On the orange
RF icon on the START Menu, left click and select Refresh

Instrument or click on the () at the bottom right of the

ESE

VNA Setings

Band Wicth

Output Power

\

GPIB Address:

0

0

v]He

dBm

Frequency Settings | Network Analyzer | Power Meter | Separstion | Select Scan Range | PRAD Offset Table

oK oo )

RFxpert applicaton until you see Network Analyzer highlighted.

Power Meter Tab

When using a Network Analyzer as the power source to the DUT it is important to calibrate the output
power of the instrument. To do this, Please refer to the “creating a profile” section under “Connecting

Power Meter and Network Analyzer*
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The “Data list” is now showing the following important columns: index, frequency steps, S,,, gain,
efficiency, PRAD and EIRP. By right clicking on the Data list / charts header for a drop down menu, the
columns can be hidden or displayed at the user’s discretion (shown on the right).

In addition to the “Data list”, charts of Radiated Power, Gain and Efficiency can also be displayed by
clicking on the bottom task bar.

Freque.. / | Radiation Eff.. Gain [dBi) PRAD [dBm) EIRP (dBm)§ ™

.00 Index 2.08

.00 ED 3 232
1780‘$ Temperature ; i;;
179000 R 3 322
1300.00 511 Amplitude (dB) 4 447
1810.00 511 Phase (Degree) 9 498
1820.00 Antenna Efficiency 5.55
123000 || | Radiation Efficiency 383
1840.00 < | Gain 6.26
1850.00 ) . 0 5.66
1860.00 Realized Gain sa7
1870.00 % LRl 689
1880.00 ||¥ | EIRP 4 6.70
1890.00 64.20 6.32 -1.93 .52
1900.00 59.33 6.19 -2.27 6.19
1910.00 5645 5.98 -2.49 5.93
1920.00 54.88 5.74 -2.61 5.74
1930.00 51.62 5.35 535
1940.00 48.00 5.08 .19 5.08
1950.00 42,63 4,61 .10 461
1960.00 37.72 4.03 -4.24 403 v

'm Radiated Power Gain Efficiency

Select Scan Range (Near-Field Mask) Tab
Please refer to page 62.
PRAD Offset Table Tab
Please refer to page 64.
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The network analyzer measures the S,, parameter of the DUT and RFxpert simply stores and displays
the measured data. To set scan settings, first right click on the scan node and then left click on “Node
Settings” to get the following screen.

NP

Im‘mu-:“l U‘E‘DMU‘
[=-“C Project node
-8,

Scan Once |

Node Settings

Frequency Settings Tab

Settings A

* To specify a sequence of equally spaced settings,
set start and stop frequencies along with the number
of samples (i.e. the spacing between points).

q
* Then click “Add”. These will be populated in the right

hand window on Frequency Settings tab.

 To add discrete frequencies enter a value in the
4th window (Single Point) and click “Add” button in
“Single Point” to enter. “Single Point” entry method
can be repeated number of times (maximum number
of total entries is limited by the number of VNA
settings).

Network Analyzer Tab

Settings

To set the GPIB address for the network analyzer, click | s s sz
on Network Analyzer Settings. Most Network Analyzers | "™
(https://www.emscan.com/products/antenna-testing/ ewawan: @ Vi
rfx2/) are automatically identified by RFxpert software ouptroner: [0
once they have been detected with the Agilent IO library.
If this is the case you can leave the GPIB address as 0. \ J

Typical scan result is shown below.

[Data list / charts
Frequency (.. Amplitude (d... Phase () *
1750.00 318 3238
1755.00 -339 30.56 =
1760.00 360 2864
1765.00 283 2672
1770.00 409 2406
1775.00 -4.46 nn
1780.00 484 19.40
1785.00 527 1758
1790.00 574 1563
1795.00 619 1292
1800.00 579 285
1805.00 754 504
1810.00
£1°.00
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Base Station Emulator Scan

Base Station Emulator Scan is an optional and licensed feature that can be enabled on any system. The
part number for this option is 3000-0300. Please contact EMSCAN or your dedicated EMSCAN Sales
Associate to place an order.

This scan option enables power and pattern measurements at a single frequency or a series of frequencies
through the remote control of a base station emulator. @!HFI'J
Preference Report Generator Scan Da

This scan is similar to the Swept Frequency Scan. The only difference is that
instead of a network analyzer, a base station emulator is used. To connect ST
to the instrument, first use the Keysight IO Libraries Suite interface to add J & project node

the instrument. If the BSE was connected after the RFxpert application ; Scan Once
was opened, the RFxpert Application needs to be made aware of this new
instrument. On the orange RF icon on the START Menu, left click and select
Refresh Instrument or click on the “icon” at the bottom right of the RFxpert
application until you see Base Station Emulator highlighted. To set scan settings for this scan type; first
right click on the scan node and then left click on Node Settings to select between CDMA, GSM, WCDA

and LTE nodes. Once you click on OK, the relevant Settings menu comes up.
BSE General Tab

| MNode Settings

Set Cell Power and select Band.

Sweep Tab

Move on to Sweep tab to enter channel values.

Lo
BSE General | GSM Sweep | Separation | Select Scan Range | PRAD Offset Table

Channel Range: 128 251 L J

Broadeast Chamel (128 =

128 (824 2000 MHz)

Traffic Charmel | 251 5 Add 251:(848.8000 MHz )

PCLLevel [1 H

(Power cortrol level)

. . J

Separation Tab

Finally, enter the distance between the antenna and the surface of the scanner in millimeters or inches
in the Separation tab; up to 45 mm with the RFX and 115 mm with the RFX2 as per the example below.

Select Scan Range (Near-Field Mask) Tab
Please refer to page 62.
PRAD Offset Table Tab
Please refer to page 64.
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Typical results are shown below:

@ RI=T" D — O R
Preference  Report Generator  Scan Data Near-Field Views [SSOIIEYAAIeNR Far-Field Linear Polarization Far-Field Circular Polarization e+ System
_Roject)” Demo File 2.rfx ~ [ Hix Amplitude Hy Amplitude

| £l FSAN > Fwiuifof
"% Project node
i BSE GSM850-1

ta List / Charts ix ude 3D Hy Ampiitude [RISX SN

Frequency (MHz)  Traffic Channel | PCL. PRAD (dBn ~ |k Phase
82420 128 3.00 163
82420 128 3.00 16.3
82420 128 3.00 16.3
82420 128 500 163
82420 128 5.00 16.3
82420 128 5.00 16.3
82420 128 7.00 12.5
82420 128 7.00 12.5
82420 128 7.00 12.5
826.40 139 300 165
82640 139 3.00 16.5
826.40 139 300 165
826.40 139 500 165
826.40 139 5.00 16.5
826.40 139 500 164
82640 139 7.00 12.6

WY Radisted Power EDTRTR 20 Hx Phase ECTDREe 20 Hy Phase

Setting up a Cell Phone Test with a Base Station Emulator

When testing a cell phone with a base station emulator (BSE), please follow these steps. You must
have knowledge of how to program the phone and the BSE so that a connection can be established.
Please refer to your BSE user guide for more information on your BSE settings. It is advised to use
network settings that are different from live networks in
your area. When using an “over the air” connection to
the phone, the cell phone will not be able to differentiate
between the BSE and a real network if they have the
same ID settings. The best solution is for the cell phone
to have a SIM card dedicated to the BSE.

Turn on the phone and place it in the middle of the
scanner. Connect the RF In/Out port of the BSE to an
external antenna that can support the frequencies you
will be testing at. Place the external antenna close but
not directly next to RFxpert. You may need to reposition
the external antenna to get sufficient signal level to the
cell phone. An example of a working set up is shown on
the right.

Enter all of the necessary parameters into the BSE to ensure a call can be established with the cell
phone. Now a signal should be present for the base station to register the mobile. If the mobile cannot
detect the BSE then base station power may have to be increased. Also consider the potentially high over
the air path loss which could be 20-30 dB. Once the mobile has been registered, a call can be made to
the mobile.

Tip for success: If you can make a successful call then RFxpert software can complete a BSE scan.
Ensure the cellphone is in an idle state and enter the parameters for a BSE scan as shown in the previous
section (please refer to page 56).

57

RFxpert



RFxpert Software
Multi Co-planar Scan

Multi Co-planar Scan

Multi Co-planar Scan is available only with RFX2. EMSCAN provides trade-in option for RFX users to
upgrade to RFX2. Please contact EMSCAN or your dedicated EMSCAN Sales Associate to inquire about
trade-in option.

(. Y
This scan type requires the phase port and the switch on the back of the RFX2. [Note:

If your RFX2 is missing
the phase port and the

Position B: External phase. This is used for Multi Co-Planar scanning and |[SWitch and you wish to
use the Multi Co-Planar

Position A: Internal phase. This is used for regular scanning.

Correlation (page 66). Scan, contact EMSCAN.
Simply set press the switch to position B as shown below.
4 )
Switch

\. J

This scan option enables power and pattern measurements at a single frequency or a series of frequencies
for antennas that are too large to measure with a single RFX2 scanner. This would include antennas with
maximum dimensions greater than 32 cm. Multi Co-planar Scan can be set up to include a maximum of
6 x 6 covering an area of 2.40 m x 2.40 m however the maximum dimensions of an antenna that can be
measured is 2.32 m x 2.32 m. This scan type can be applied to Fixed Frequency or Swept Frequency or
BSE (Base Station Emulator) Scan types.

The phase port requires a reference signal that is phase coherent with the RF source being used to excite
the antenna under test. For a passive antenna a splitter can be used to provide a sample of the signal
source directly into the external phase port. The level into this phase port is a maximum of -10 dBm so an
external attenuator will normally be required. An example of this setup for is shown below.

([ Y

Network
Analyzer

- Attenuator

° RFxpert
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Multi Co-planar Scan

For an active device the signal source is not normally accessible so an external antenna is used to
provide the phase reference. The external antenna is connected directly to external phase port. This
phase reference antenna should not move with respect to the antenna under test so a sufficiently long
phase-stable cable should be used. The external phase reference antenna should also be placed in a
location that does not interfere with the RFX2 positioning as it is moved about to sample all measurement
positions. An example of this setup is shown below.

a4 )
_________ 1
| Static Reference |
| |
Antenna
| i i R |
I Reference Port |
| B i 4
\_ )

Once the phase port is set to external and the reference phase has been provided to the external phase
port using the passive or active device method, you can go to scan settings.

For scan settings, first right click on the scan node and then left click on “Node Settings” to get the
following screen. First select the scan type you require. For further information about the settings of the
scan type, please click on the following scan type to be directed to the section in this user manual: Fixed
Frequency Scan (page 50), Swept Frequency Scan (page 53), BSE Scan (page 56). Then, select the
desired array size i.e. number of rows and columns that will be sufficient to cover the dimensions of the
antenna (A). The tabs related to the scan settings (B) change to display settings for the selected scan

type. @EEE

Preference Report Generator

Stop Scan

MNode Settings 1l
==

Copy Node

(®) Fixed Frequency Node
() Swept Frequency Node
BSE Node

() CDMA Node

() USCellular800MHz




RFxpert will automatically generate subscan nodes of the selected scan type. In this example, eight Fixed
Frequency Scan nodes are generated (2 rows and 4 columns).

‘C BET

Preference Report Generator Scan Data Near-Fielc

Projectl X Demao File 2.rfx w | Hx Amplitude

| SERONRS I » En A m il O
=-*¢ Project node
[=1-£6 Multi Co-planar Scan
B1
C1
D1
A2
B2
c2
D2

EIRR Pt T+ o 20 Hx Amplitude

For accurate far-field results, the distance between the antenna array and the RFX2 must be constant.
Ideal test condition is to suspend the antenna array above the RFX2. The MCP

does not support the separation value and therefore does not change power,

gain and efficiency values with increasing distance. Large antennas are typically The Multi Co-Planar
very efficient and the uncertainty in the overall measurement added to the [scan does not support
uncertainty in separation factors is typically less than the efficiency loss in the |the separation factor
large antennas. If the antenna under test does have an efficiency significantly |feature.

below 100% the PRAD Offset (page 64) feature can be used to account for any

variation. This offset value must be supplied by the user.

Using an absorber material to cover the RFX2 may be helpful in minimizing the impact of manually
moving the RFX2 to each subsequent position in 40 cm increments. If the movement of the RFX2 scanner
influences the antenna, it is possible to reduce the effect by placing absorber between the RFX2 scanner
and the antenna under test. To verify whether the scanner is being influenced, the reflection (S,,) into the
scanner should be monitored. If the reflection changes significantly between successive positions of the
RFX2 in a Multi Co-planar Scan then absorber may be required.

To account for absorber the PRAD offset feature should be used. An amount equal to the loss in the
absorber can be entered into the software. A quick measure of the loss can be done with a measurement
of the near field using the RFX2. One measurement with absorber present and one with the absorber not
present.

Position the RFX2 corresponding to A1 under the suspended antenna array. Select A1 and then click @
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The MCP node does not have NFW window capability because truncation at the
edges can be dealt with by making the scan area larger. With a sufficiently large
scan area, the NFW capability will have no added benefit. In fact this method
will produce better pattern results than a smaller area with NFW active.

Once the scan is completed, move the RFX2 exactly 40 cm in the y direction to position A2. Select A2

and then click

="& Project node

258 Multi Co-planar Scan
oA
iy B
Lty C1
D

RS LIGTLER 2D Hx Amplitude

Repeat these steps until the first column is done. Return the RFX2 to the beginning position and then
move it exactly 40 cm in the x direction to position B1. Run a scan for the first subnode of the second

column in position B1.

Report Generator

| LER LR
=" Project node
()-8 Multi Co-planar Scan
[E&
~fy D1
EEEEE———————————————————————— noA2
3D Hx Amplitude " B2 J

Repeat the movement in the y direction while running a scan every 40 cm at the appropriate node until
all rows and columns are scanned. When all subscans are completed the parent node (Multi Co-Planar
Scan) should automatically update. To view the results, first click on the parent node and then select the

view: near-field or far-field.

When changing any setting of the parent node like number of rows or columns
or frequency settings, all results will be lost. When running the scan again all
current results will be lost even for a fixed frequency scan.
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Near-Field Measurement Mask

In all of the scan types except Multi Co-planar Scan there is the option to filter out or mask the near-field.
This can help the user remove the effects of currents on cable or secondary radiators from the predicted
far-field results. To apply the mask go to the node settings of the selected scan type and click Select Scan
Range tab.

\

The default selection is to have the entire scan but the user can select areas by clicking or dragging the
cursor on the scan area image. These selected areas are shown in yellow and will not be included in the
far-field transformation. Until clicking Apply, the mask will not be applied to the next scan. After making
changes to the mask and clicking Apply the mask will be stored and used for the next measurement.

RAD Ofiset Table|

Y
. ok || cancel Aoy

Clear button will remove the selection.

To create a mask, you select an area. To mask the area that is not selected simply click Reverse Selection.

PRAD Ofiset Tabe|

aaaaaa

ccccc

\
EENEAEEN
T
1T

v
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Near-Field Measurement Mask

If you want to add selections to already selected area then uncheck the toggle option. Otherwise, the
selection will simply switch back and forth between selected and unselected.

‘Scon Suings | Verhdshon Seting | Sopwshon SelecScan Range |PRAD Ot Tobs

.

Concel

g

‘Scon Suings | ehdshon Seting | Sopwshon SelecScan Range |PRAD Ot Tobs

ReversoSoacion

.

Concel

g

‘Scon Suings | Verhdshon Seting | Sopwshon SelecScan Range |PRAD Ot Tobs

ReversoSoacion

y
\ =T

An example of using the measurement mask is shown here. You can see the mask settings as well as
the impact is has on the near-field results. The masked area will never show up in the far-field pattern.

Settings

Scan Setings | Modslaton Satings | Separation

SelectScan Range [PRAD Ofiset Table
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PRAD Offset Table

The RFxpert system can provide accurate and repeatable measurements of PRAD (TRP for 2
hemispheres). Sometimes, these repeatable measurements have a small but measurable offset from
other measurement techniques like an anechoic chamber. In this situation the software can support
a user defined offset to force the results of the RFxpert to be very similar to those the user wishes to
emulate.

k o« Cancel Aeply J

To use this feature simply enter the frequency and offset value you wish to be applied to the measured
PRAD (TRP) value. A negative value entered in the offset column will cause the measured values to be
lower. All derived values like efficiency and gain will also be affected. If you are using a range of frequencies
a list can be entered with different offsets at each frequency. For values between list elements, first order
interpolation will apply. You must click “Apply to Data List” before any change will be made to the results.
If you edit the list and click “Apply” the values for existing measurements and future measurements will
be affected.

You can remove any value from the list or remove the entire list at any point. After removing a point or the
entire list you must click “Apply” before the changes will impact any existing data.
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You can export the offset list from the RFxpert software, edit it and re-import or import a list which was
created in another application. To do this use the “Import” and “Export” buttons. The list will be exported
to a text file which is a comma separated list of frequency and offset value. The list will be comprised of
one frequency per line with values in the operation range of the RFxpert.

File Edit Format View Help
p200.00,0.00
2300.00,-0.15
2400.00,-8.21
2500.00,-0.30
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Comparing Scan Results

Correlation

The correlation measurement, also known as antenna correlation or pattern correlation, is a measure of
how similar two patterns are. This is used in MIMO systems in order to maximize data throughput.

The correlation measurement only applies to two patterns at a time and is only visible when comparison
mode has been enabled.

Demo File 2.rfx * =

e AFA SN g RagRSiis BN » P Fm T O
E-"E Project node

Scan Once

MNode Settings

Copy Node

..... v Comparison Mode

For one hemisphere, both RFX and RFX2 can provide a correlation measure.

For a full spherical result it is important that the two hemispheres have phase coherence. This requires
using the external phase feature (please refer to the RFX2 image on page 58) which is only available on
the RFX2.

For each antenna the two hemispheres must be measured with the external phase reference in use. This
means the exciting signal must be fed into the external phase port.

The two separate antennas do not need to be phase coherent and do not need to be connected in any
way.

Once two patterns have been measured executing a comparison between them will automatically display
the correlation between the two patterns in the Far-Field view of the pattern.

Theta Phi

% RFxpert
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Fixed Frequency Scan Comparisons

(One or several individual measurements which may be at the same or different frequencies)

Two options:

1. Compare a single sample in a data list with all of the other samples in the same list

2. Compare a single sample in one data list (node) with all the samples in another data list (node)

It is also possible to use a combination of these to compare a collection of Fixed Frequency Scans during
a product verification of sample lot testing process (Please refer to Appendix page 83)

Compare a single sample in a data list with all of the other samples in the same list:

» Select a Fixed Frequency Scan and left click on the scan to expose the data list

.G.\M) :

Projectl =

e NRN RN G REERS s A » N Furl]

=" Praiectnode

* Go to the row in the data list that you want to set as the golden sample. Right click on the row and left
click Mark As Golden Sample

ﬁﬁ list / charts

Index Radiat.. Gain{(.. PRAD.. ERP(. *
517 23573.. 6048 18.09 2484

518 23620... 6049 18.10 2485

5 Delete 2485

5 2487

5 Add/Edit Notes 24,84

5 Export Data List to Excel File 2484

5 24.85

5, Copy Whole Window Image 24,85

bl Mark as Golden Sample 4.8

5 24.84

5 2486
529 23597... 6051 18.09 2487

530 23629... 60.50 18.10 2486 [
531 23605... 60.50 18.09 2486 ~
WIS Radiated Power Gain  Efficiency

« This will automatically create a golden sample node immediately below the scan node. It will also
automatically change the mode into Comparison and present a revised data list which shows the

comparison
Fta list / charts
Index Frequenc.. APRAD (.. AERP (dB)
1 2448.00 0.01 -0.00
2 2448.00 0.01 -0.07
Projectt x B | esool 000l 000

AR RN g NEERS s BN » W Fu il o 4 244800 0.06 003

=-"& Project node 5 2448.00 -0.01 -0.04
-7 Aptenna 6 244800 0.05 0.05
Golden Sample from Antenna 1

\,
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* To undo the comparison, right click on that row again and left click to uncheck the Comparison Mode
ffoata st / charts N

Index Frequenc.. APRAD (.. AEIRP (dB)
1 244800 0.01 -0.00
2 2448.00 0.01 -0.07
4 Delete 0.03
5 Un-Delete -0.04
[ Add/Edit Notes 0.05

Export Data List to Excel File
Copy Whole Window Image

Mark as Golden Sample

L v/l Comparison Mode J

* To delete golden sample, right click on the golden sample and select delete node

@ :
Preference Report Generator
AN EL B
£-* Project node
- Antennal
I Golden Sazale feo Acianaa 3
Scan Once
scan Continously...
Node Settings
Copy Node
Export ...
View Notes
Delete Node

Compare a single sample in one data list (node) with all the samples in another data list
There are two ways to do this. The easiest and most intuitive way is:

+ Select a Fixed Frequency Scan and left click on the scan to expose the data list

r Project1 Demo File 2.rfx *

NN

=-"¢ Project node

2 1800 P2

-2 1800 P1

-8, Copy of 1880 Free Space
5, Copy of 1880 Scanner

@-"8 GSM&50

-8 GSM1900

%= Aggregate Node

oo Agareaate Node
Qg 2600

J

* Go to the row in the data list that you want to set as the golden sample. Right click on the row and
click Mark As Golden Sample

ﬁa list / charts

Index Frequenc... PRAD (dB.. EIRP (dBm)
1 2448.00 -10.02 -0.96
2 2448.00 -10.02 -1.02
4 Delete -0.83
5 Un-Delete -0.99
g Add/Edit Notes -0.90

Export Data List to Excel File

Copy Whole Window Image

Mark as Golden Sample
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* This will automatically create a golden sample node immediately below the scan node.

Demo File 2.rfx *

=-"¢ Project node
-7 1800 P2
-2 1800 P1

S, Copy of 1880 Free Space
-8, Copy of 1880 Scanner

% GSMaso
%8 GSM1900

‘= Aggregate Node
-+ Aggregate Node

= R0

SR Golden Sample from 2600

J

» Drag this golden sample node and drop it onto the Scan with which you want it compared.

Demo File 2.rfx *

"¢ Project node
-7 1800 P2
-2 1800 P1

S, Copy of 1880 Free Space
-8, Copy of 1880 Scanner

% GSMas0
% GSM1900

% Aggregate Nede

=/ 2600

ety G

s Agcnaiellode

-7y Golden Sample from 2600

J

« This will automatically create a golden sample node below that scan node, change the mode into
Comparison Mode, and modifies data list to show the comparison.

e

WG

% Project node

2 1800 P2

7 1800P1

g 800

18, Copy of 1880 Free Space

18, Copy of 1880 Scanner

"6 GSM350

"% GSM1900

& Aggregate Node

& Aggregate Node

B 2600

“.." Golden Sample from 2600

£00

BRUYE Golden Sample from 2600 ‘

a list / charts

Index Frequency (..  APRAD (dE)

1 2448.00 001

2 2448.00 001

3 [ owsool 000

4 2448.00 0.06 0.03
5 2448.00 -001 004
6 2448.00 005 005

WIS Radiated Power

+ To undo the comparison, right click on the scan node and left click to uncheck the Comparison Mode.

Preference

Report Generator
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Scan Onee

Stop Scan
Mode Settings

Copy Node
Paste Node

Comparison Mode
Export to Excel

View Notes
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Swept Frequency Scan Comparisons

Two options:

1. Compare a single sample in a data list with all of the other samples in the same list

2. Compare all samples in one data list (node) with all the samples in another data list (node)

Compare a single sample in a data list with all of the other samples in the same list:

The approach here is identical to that described for Fixed Frequency Scan Comparisons (page 67).

Compare all samples in one data list (node) with all the samples in another data list (node)

» Select the scan node you want to be the golden sample, right click on this node and select “Copy

Node”

[=}-*& Project node
ity
A Antenn

Scan Once

Scan Continously..

Mode Settings

\.

Copy Node

Project!  x &
| g A

J

+ Select the scan node you want to compare to the golden sample, right click on this node and select

“Paste Node”

Y Project! x

‘v Antenna 1

Scan Once

Scan Continously...

Mode Settings

Copy Node

Paste Node

J

=" Project node
5. Copy of 1880 Free Space
-8 Copuaf 1280 Scanne

» This will automatically create a golden sample node below the node you want to compare with it and
change the mode into Comparison Mode and modifies data list to show the comparison

Note:

o The comparison table will only compare and show rows with common frequencies.

o If there are no common frequencies on two lists, the created comparison list will be empty.

S,, Scan Comparisons

Three options:

1. Compare a single sample in a data list with all of the other samples in the same list

2. Compare all samples in one data list (node) with all the samples in another data list (node)

3. Compare a single sample in one data list with all samples in another data list
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Compare a single sample in a data list with all of the other samples in the same list:

The approach here is identical to that described for Fixed Frequency Scan Comparisons (page 67).

Compare all samples in one data list (node) with all the samples in another data list (node)

The approach here is identical to that described for Swept Frequency Scan Comparison (page 70). Itis
also possible to create a superimposed plot a golden sample S, list with another S, list. To do this:

* Once you've created the comparison of two lists, the graphs of Amplitude and Phase will show the
resultant comparison

Place the cursor over the graph , right click and uncheck Comparison Mode

Network Analyzer Amplitude Chart

Copy Image

Export to an Excel file

ol v Comparison Mode

Right click again and left click to select Plot with Golden Sample

Copy ge

Export to an Excel file

Comparison Mode

With den Sample

Two plots of the S,, scans will be superimposed with the red plot being the golden sample

Network Analyzer A
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Aggregate Node

Aggregate node is used to combine scanning results based on frequency to have full spherical far-field
view. It can be used for Fixed Frequency Scan, Swept Frequency Scan data and Base Station Emulator
Scan data.

The following settings must be the same
Fixed Frequency Scan:

*  Number of scans

* Scan frequency

Swept Frequency Scan:

*  Number of scans

« Start and stop frequencies

» Single point frequencies

Base Station Emulator Scan:

* Number of scans

* Band type

« Traffic channel

+ PCLlevels

How to Position the DUT on the Scanner

DUT should be positioned along the Y-axis of the scanner to ensure the aggregate node combines them
together properly. First, scan one side and then flip the DUT, around the Y-axis and run another scan.

é y
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To form an Aggregate Node

* Right click on Project node, and choose Aggregate Node or just click Aggregate Node icon on
the task bar.

f Project! x | Dema File 2. |

e EVT L ER

-
Project! 3 | Dema File 2.5 * |

=TTz ] 50

o

i..',: Fixed Frequency Scan
i BSE G5M8330-1
BSE G5MB30-2
BSE G5MB30-3

Swept Frequency Scan

BSE 5can

& BSEG5ME50-4

Aggregate Mode

Multi co-planar

» Select the scan type that you want to aggregate (Fixed Frequency, Swept Frequency or BSE), right
click on the node and select Copy Node, right click on Aggregate Node and select Paste Node or drag
and drop the node under Aggregate Node.

Project!  x | Project! x | r Project!  x |
| Fl | £ Fo LA ELEL T R | | 51 ol
=" Project node =" Project node 5% Project node
* GSMBS0 =-"C GSME50 5% GSMEs0
. & BSEGSMas0-1 ; o BSE GSMES0-1
BSE G| Scan Once g BSE GSME50-2 BSE GSME50-2
BSE GS| . i BSEGSMES0-3 o BSE GSM250-3
L BSEGS ) | BSEGSMBS0-4 | Lo per covaen g
| & Aggregate Mode Settings Y A ggregate e 8-S Aggregateh‘&de
— Paste Node

Export to Excel
View Notes

L View Notes . J J

* Aggregate Node will automatically create a combination of the two scan results in the Aggregate
Node window. See example below:

1" Project node

% 1800 P2

% 1800 P1

% 800

5. Copy of 1880 Free Space
5. Copy of 1880 Scanner
GSM850

GSM1900

Aggregate Node

(& Aggregate Node

pata List / Charts.
Frequency (MHz) | Antenna Effidency (%) Radiation Efficiency (%)
700.00 284 284

710.00 387 387 Bi-section 0.00° Amplitude Cut ( Directivity ) Bi-section 90.00° Amplitude Cut ( Directivity )
720.00 551 551

—— Combined —— Combined
730.00 7.86 786 = o
740.00 937 937 Phi Phi

750.00 1275 1275

760.00 1627 1627
770.00 1949 1949
780.00 3192 3192

790.00 5137 5137
800.00 63.63 63.63
810.00 66.58 66.58

60 110 160 210 260 4 = 110 160 pali) 260
Angle(?)

Bi-section 0.00° Amplitude Cut ( Directivity ) Bi-section 90.00° Amplitude

What is displayed is a full slice through the sphere that reflects a merging of two hemispheres (one for
each side of the DUT). This merging will also apply to Bisection Polar View — Theta; and Bisection Polar
View — Phi. TRP is also calculated.
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Application Notes: Network Analyzer for S,, and Swept Frequency Scans

Network Analyzer Calibration: S,, and Swept Frequency Scans
* S,, Measurements

The standard network analyzer (NA) calibration must be done to get reliable S, results. Otherwise S,
data itself could have large errors (3-4 dB and +/-180 degrees).

( Note: Please see Appendix “How to connect Power Meter and Network Analyzer” (page 85). )

»  Swept Frequency Measurements

Since the VNA is a device which makes ratio-ed measurements by design it does not control the output
power level very closely. Depending on the model you can have power fluctuations of 0.5 dB to 5 dB.
The calibration referenced above does not address the source power variance. For efficiency and gain
calculations, we need to know the absolute power level directed towards (and into) the feed point because
we are comparing those to the absolute radiated power. Please refer to Appendix “How to connect Power
Meter and Network Analyzer” (page 85)* for reliable efficiency and gain measurements/calculations.

+ Base Station Emulator Scan (BSE)

When measuring a cell phone with the BSE node care must be taken to ensure the ‘live network’ is not
interfering with your phone. This would include modifying the roaming list (PRL) of the phone or using
a dedicated SIM card. An over the air link between the BSE and the phone must be provided with an
external antenna. If there are problems in establishing a call make ensure that you can manually connect
to the phone first with the same physical setup. To ensure reliable results make sure that CDMA phones
are only measured at maximum power. To do this, set the requested power on the BSE higher than the
phone can deliver or set the power control to all up bits.

See the link for supported Base Station Emulators (https://www.emscan.com/products/antenna-testing/

rfx2/).

Connection Accessory Requirements

* Forinstruments requiring GPIB connection we use National Instruments (NI) ‘PCI-GPIB’ or preferably
the Agilent 82357B USB/GPIB adapter model to connect. The interface should support most NI GPIB
interfaces that NI claims to be compatible.

+ See the link for supported Network Analyzers (https://www.emscan.com/products/antenna-testing/

rfx2/).
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Copper Mountain S5048 and PLANAR 808/1 Setup

1.
2.

4.
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Connect the Copper Mountain S5048 to your PC and power it up.

Click here (http://www.coppermountaintech.com/download/172/S2-Software-Installer-br-v17-2-5-
June-6-2017-/) toinstall the S2VNA software for S5048 and click here (http://www.coppermountaintech.
com/products/14/808/) to install S4VNA for PLANAR 808/1. During the installation select register
COM server. Please see following instruction in the programming manual.

Registering COM Server

To register COM server of the analyzer run the executable module from command prompt with the
/regserver keyword. To unregister COM server of the analyzer run the executable module from
command prompt with the /unregserver keyword.

Administrative rights is required to register/unregister COM server. Also user has ability to register
COM server during the software installation procedure.

Example of the COM server registration command:
S5048.exe /regserver

Open the S2VNA/S4VNA software @ Select Main Menu S5048 2 select System 2 Misc Setup 2
Network Setup @ Set Socket Server ON and TCP/IP Port to 5025

Install the Keysight 1O Libraries Suite (please refer to page 14). Please ensure that Keysight VISA is
PRIMARY (page 25). Check the bottom right of your 10 Libraries Suite.

Before launching the RFxpert application SW, launch the Copper Mountain S2VNA/S4VNA software
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Frequently Asked Questions (FAQ)

1.
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16.

17.

18.
19.
20.

21.
22.
23.
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How do you provide an accurate EIRP estimate despite the fact that only one side of DUT is measured?

How fast is the full measurement cycle?

When measuring GSM power, how do we address duty cycle?

How do we measure transmitters with rapidly changing power levels?

What is the measurement sensitivity for accurate power measurements?

Are the measurements reliable in noisy ambient environments without an anechoic enclosure?

Can you measure multiple antennas on different planes?

What kind of power supply can be used?

What is the range of supported power levels?

. Where do | place the DUT?

. What is the accuracy of RFxpert measurements?

. | have a network analyzer that is not on the list of supported analyzers. can it still be supported?

. What are the minimum system requirements?

. What is the maximum power level that RFxpert can receive without being damaged?

. What are the effects on the measurement from driving the antenna with lower power (e.g. dBm vs.

20 dBm)?

The features/specifications indicate measuring dipoles and helical antennas. | assume that this is
done by laying the DUT flat on the scanner bed? How do you feed the antenna without having the
cable on the scanner bed, without some sort of de-embedding? Both of these conditions would seem
to compromise the integrity of the near-field and alter the measurement accordingly.

L]

When selecting “Pattern Settings Properties”, “Amplitude Scale”, “Comparison Type”, switching from
linear to Log10 seems to have no effect. What is this supposed to do? | thought it changed the scale
of the near-field and far-field patterns.

If | put my cell phone on the scanner, does it scan?

How can | measure each side of the DUT in order to get a full spherical pattern?

Can RFxpert be integrated into existing test applications or simply automated to provide faster
measurement results?

Why am | getting low power warning? How can | test an antenna while getting low power warning?
What is the resolution bandwidth of RFxpert?
What is the RFxpert TIS proxy?
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How do you provide an accurate EIRP estimate despite the fact that only one side of
DUT is measured?

Effective Isotropic Radiated Power (EIRP) is the power that has to be supplied to an isotropic antenna
to achieve the same maximum far-field strength. EIRP is determined traditionally by identifying
and measuring the peak radiated value on the surface of the “measurement sphere”. For directive
antennas, by measuring radiation in the main hemisphere there will be no difficulty in identifying and
precisely measuring the peak value. So even if you had other devices under test that were not so
specifically dominant in one direction, you could still accurately estimate the EIRP value. What gets
potentially compromised in scanner measurements for omni directional sources is accurate far-field
pattern. Radiated power (PRAD) is obtained by integrating power density (obtained from the NF to FF
transform) over the hemisphere. So in the worst case when only measuring one side, the TRP error is
3 dB. Both “sides” can be measured and the power sum taken, to get accurate TRP. As a design tool,
differential changes on the peak side (or the weak side in the case of SAR optimization) are probably
all that are necessary for optimizing.

How fast is the full measurement cycle?

Each measurement including processing and display takes 1 second on the RFX and 4 seconds on
the RFX2. RFxpert collects the data in 40 milliseconds and then the PC may require an additional
1 second to process and display the data. The overall measurement time can be reduced to 300
milliseconds for a simple go/no go scan result (e.g. measuring EIRP against a spec limit). In TDMA
mode the scan time will be longer, due to the fact that the system must wait for a pulse to appear.
Currently, the total scan time for a GSM phone is approximately 3 seconds on the RFX and 12
seconds on the RFX2.

When measuring GSM power how do we address duty cycle?

We tested GSM sources at 1/8 duty cycle. At 1/8, it slows down the process. GSM has a 500 us pulse.
The system waits for the rising edge to level out and then measures it.

How do we measure transmitters with rapidly changing power levels?

RFxpert requires the power level to remain constant for 40 ms. If it is less than 40 ms, power level
measurements will not be reliable.

What is the measurement sensitivity for accurate power measurements?
RFxpert can measure a minimum source power of 0 dBm for a reasonable antenna.

Are the measurements reliable in noisy ambient environments without an anechoic
enclosure?

In testing of active antennas using a BSE, we put an intentionally radiating device 30 cm away from
the scanner and it did not compromise the cell phone results. If the interfering element is 20 dB
higher than a DUT and no closer than 1 meter from the RFxpert, the effect is minor. In more extreme
cases where there is predictable interference, frequency and level coordination can be used. For
adjacent test systems operating at very different power levels, frequency discrimination isolates the
measurement systems. The scanner and DUT do not need to be put into an “anechoic” enclosure.

Can you measure multiple antennas on different planes?

Yes. This can be done if you know the location of each antenna on the DUT, their locations in relation
to the sensors, and if each antenna can be excited individually and not all on at the same time. The
measured data will then be adjusted based on distance tables.
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8. What kind of power supply can be used?

Use the 6 VDC power supply for RFX and 12 VDC for RFX2 that is shipped with the system only. Itis
an universal 50/60 Hz and 100 v/240 v converter.

9. What is the range of supported power levels?

The supported power level range is from +33 dBm to 0 dBm. There is no risk in running RFxpert with
less than the minimum supported power. RFxpert software will indicate if the signal level is too low
to be detected or measured accurately. For power levels greater than +40 dBm, RFxpert may be
damaged.

10.Where do | place the DUT?

To test a device it should be placed on the scanner. The device should be placed with the radiating
surface down, and ideally positioned in the white area. The maximum device size can be larger than
the scan area, but the radiating surface should be small enough to fit in white scan area (depicted by
blue arrows in below picture).

f (Jscan P RFX2 RFxpert
I

32 33 34 35 38 37 38 30 40

BEE n«xE<c-0waDVOZErxC -

2Ezzz22Z

¥-mis ATTENTION: READ USER'S MANUAL FOR PROPER SETTINGS BEFORE USING RFxpart
FAILURE 0 0O 80 MAY JEGPARDIZE AGCURAGY AND REPEATABILITY,
ATTENTION: READ USER MANUAL'S FOR PROPER SETTINGS BEFORE USING RFxpert. FAILURE TQ DO SO MAY JEOPARDIZE ACCURACY AND REPEATBILITY,

\. J

11. What is the accuracy of RFxpert measurements?

Current accuracy values for a calibrated RFxpert with the latest configuration file are summarized as
follows:

<1GHz 1GHz-3GHz 3GHz-6GHz
o N o N a N
RFX 1.96 170 0.81 514 1.1 246
RFX2 1.54 195 0.81 517 0.94 247

o is the standard deviation of measurement error
N is the number of measurement samples at the band
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For even more details on accuracy, look at the following error distribution of the RFX2 measured
efficiencies compared to chamber data:

é y
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12.1 have a network analyzer that is not on the list of supported analyzers, can it still be
supported?

If your network analyzer is not on the supported network analyzer list, please contact your local
representative or EMSCAN at info@emscan.com for details.

13.What are the minimum system requirements?
Intel Core, 3.2 GHz, 1 GB RAM recommended. Windows XP SP3 OS and a CD ROM Dirive.
14.What is the maximum power level that RFxpert can receive without being damaged?

The maximum power level for accurate measurement is approximately +33 dBm into the antenna.
Damage may occur above +40 dBm.

15.What are the effects on the measurement from driving the antenna with lower power
(e.g. 0 dBm vs. 20 dBm)?

As long as the power received at the reference probes is high enough, there should be no change
other than a lower power level. As the source power goes out of range, you will start to see phase
errors first which will influence far-field results.
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16.The features/specifications indicate measuring dipoles and helical antennas. | assume

that this is done by laying the DUT flat on the scanner bed? How do you feed the antenna
without having the cable on the scanner bed, without some sort of de-embedding?
Both of these conditions would seem to compromise the integrity of the near-field and
alter the measurement accordingly.

The system always provides measurement results as is, in the near-field. If a cable is present, then
very often currents can be seen on it. The onus is on the tester to set up the conditions so as best to
represent what they want to measure. If the cable cannot be moved away from the scanner surface
then absorbing foam may help to reduce the impact on the test.

17.When selecting “Pattern Settings Properties”, “Amplitude Scale”, “Comparison Type”,

switching from linear to Log10 seems to have no effect. What is this supposed to do?
| thought it changed the scale of the near-field and far-field patterns.

The linear/log switch applies to the difference mode of the comparison scan. When comparing the
near-field of two scans that have different power output, it is often more instructive to compare the
fields in a log sense

18.1f | put my cell phone on the scanner can | measure its performance?

You cannot measure your cell phone since it is being managed by a live network. The output power
and transmit times are too variable to get a good measurement. However, if you were to connect to
your phone using a base station emulator, RFxpert will be able to measure it accurately.

19.How can | measure each side of the DUT in order to get a full spherical pattern?

Refer to Aggregate Node (page 72). The DUT should be rotated around the Y axis of the scanner
for the second measurement. This will ensure the aggregate node combines them together properly.

Bi-section Combined Chart ({ Nomalized to 0 dB )

20.Can RFxpert be integrated into existing test applications or simply automated to
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provide faster measurement results?

RFxpert system can be easily integrated into existing test applications or simply automated to
provide faster measurement results. This is done by accessing the API of RFxpert dil. There is a
documented installation package included with RFxpert installation CD in RFxpertDLL folder. This
package includes a sample program to remotely control RFxpert. For more information please contact
EMSCAN Technical Support.
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21.Why am | getting low power warning? How can | test an antenna while getting low

power warning?

RFxpert can measure a minimum source power of 0 dBm for a reasonable antenna. Reasonable
means that the antenna is effective at radiating the available input power into free space, also known
as being efficient. A Low Power error messages pop up at - 5 dBM of measured power. There is
however, not a clear cutoff on when the low power measurements become inaccurately. This is mainly
because we define the limit based on input power which is what the customer knows, but the RFxpert
measures radiated power.

For example, if an antenna with less than 10% efficiency is tested with a 0 dBm source, the radiated
power would be less than -10 dBm. RFxpert would very likely not be able to measure this antenna
accurately even though minimum input power requirement is met. Whereas, an antenna with an
efficiency of 50% fed with the same input power radiate -3dBm and can easily be characterized on
RFxpert. So at a minimum we can measure an omnidirectional antenna that has an efficiency of 50%
(-3 dB) from a 0 dBm source. If the efficiency or directivity drops then the minimum source power
must be increased correspondingly.

The actual power that can be measured accurately changes versus frequency and also from system
to system. This is why we use the more ambiguous term “reasonable” rather than a specific number.
Additionally, it is often the case that the radiating properties (e.g., efficiency and directivity) of the
antennas that are tested on RFxpert are not known.

Although 0 dBm is the minimum specification RFxpert can still perform accurately down to -5 dBm
or -10 dBm at most frequencies. A low-power warning message will pop up when the maximum
measured near-field is too close to the noise floor. First check phase pattern to judge whether the
results are reasonable and add 3 dB to PRAD results. If in doubt, please send the file to EMSCAN.

How to check phase pattern? The phase will start to degrade first as RFxpert approaches minimum
radiated power. The degradation will show up as ‘noise’ in the phase plot as is shown in the three
images below. The center image is marginal and the right image is poor.

r

\.

22.What is the resolution bandwidth of RFxpert?
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The built in receiver has an IF bandwidth of 60 MHz. For modulated signals that are wider than
60 MHz there may be a slight offset in the reported far-field values. This offset can be determined
by comparing a modulated signal to a CW signal for the same antenna or by comparing a chamber
measurement to the RFxpert reported value.
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23.What is the RFxpert TIS proxy?
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Total Isotropic Sensitivity (TIS) is a measure of the average sensitivity of the receiver-antenna
combination in a device under test. In practice, this average is taken from measurements at many
angles of the minimum power needed to keep a reliable connection. A reliable connection is often
defined as the power required to maintain a 2% Bit-Error Rate (BER). Measuring from many angles
until the connection is no longer reliable takes a lot of test time.

The conducted power received by the receiver at each angle is a function of the receive gain pattern
as well as the incident radiated power. The receiver is somewhat insensitive to how this conducted
power is received and will typically show the same BER for the same conducted power levels. In this
case the variability of sensitivity to different angles is strictly a function of the antenna pattern.

The antenna pattern is what RFxpert provides with its standard measurement capability. With
knowledge of source power, a gain pattern can be calculated. This gain pattern can be combined
with the receiver conducted sensitivity and averaged to calculate a TIS value. Since RFxpert can
only measure over-the-air parameters of the antenna, the user needs to input the receiver conducted
sensitivity.

The current version of RFxpert TIS calculations does averaging of the gain pattern before combining
it with the receiver sensitivity. This average gain pattern is also known as efficiency, so TIS is simply
the conducted receiver sensitivity plus the antenna efficiency.

This calculation is not a direct measure of the receive performance which is why EMSCAN calls it a
TIS proxy. It can still be a good approximation when the conducted values of the device are known. It
also is a very fast measurement.

This method may miss device’s self-interference if the mechanism of interference is radiated from
parts of the device and then received by the antenna. The more common conducted self-interference
would still be identified with this method since it would show up in the receiver conducted sensitivity.
This method also makes the assumption that the receive pattern of the device is the same as the
transmit pattern. For devices with large frequency duplexing this assumption may not hold true.
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Appendix

Comparing with a Golden Sample from Another Project
1. Open two project files

Preference

2. Go to the project file that has the scan node that you want to set as the golden sample. Right click on
this node and select “Copy Node”

Demo File 2.rix >

=¥ W T35 S0 GOE

5can Once

Stop Scan

MNode Settings

Copy Node

Paste Node

3. Go to the project file where you want to paste this scan node as golden sample. Left click to select
the scan node you want to compare to the golden sample. Right click on this node and select “Paste
Node”

o

Fixed Frequency Scan

Swept Frequency Scan
BSE 5can

Aggregate Mode
Multi co-planar

511 Sean

Project Node

Copy Mode

I Paste Node ,

4. This automatically creates a golden sample node below the node you want to compare with it. It
also automatically forces the state into the comparison mode and modifies the data list to show the

comparisons
Freque..| AAnten.. ARadiat.. ARealiz.. APRAD.. AERP (..
1750.00 409 409 082 082 073 082
1760.00 -4.30 -4.80 -101 -102 -0.34 -102
1770.00 -5.51 -5.50 -1.05 -1.05 -0.88 -1.05
1780.00 589 -5.88 093 093 083 083 |5
1790.00 -6.85 -6.84 -0.91 -091 -0.85 -091
1800.00 <135 -7.54 -0.85 -095 -0.86 -095
1810.00 -813 812 -1.04 104 085 104
1820.00 -8.34 -8.84 -1.07 -1.07 -0.82 -1.07
1830.00 <115 -116 -0.89 -0.89 -0.60 -0.89
1840.00 487 488 068 068 036 068
1850.00 BE] -175 -0.43 -049 -011 -049
1860.00 130 127 -0.33 -032 0.08 -032
1870.00 1.9 426 -019 019 026 019
1880.00 684 6.8 -0.05 -0.04 042 004 _
Y] Radisted Power Gain  Efficiendy

% RFxpert
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Creating Comparisons for Over the Air Measurements

This note covers the case forrecommended use if one is comparing several samples at several frequencies
(and possibly several power control levels)

1.
2.

84

Set the source for a given frequency, set up a Fixed Frequency Scan (page 50) node

Run a sequence of single measurements swapping out a different model for each individual
measurements

Change the frequency, and repeat with a new Fixed Frequency Scan node

Now measure the golden sample or “import* a golden sample (page 66) for comparison purposes

To compare the outcomes, go to the golden sample data list (page 66) and,

+ Select the row that corresponds to a given frequency
* Mark as a golden sample

» Drag the created golden sample node and drop it on the scan node that has the corresponding
results for many samples at that frequency
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Connecting Power Meter and Network Analyzer

The output power of a network analyzer is not well controlled. Depending on the model you can have
variations of 0.5 dB to 5 dB. If you also fail to take into account cable and connector losses another 1-3
dB of error can adversely affect furthermore your gain and efficiency measurements.

For accurate efficiency measurements, we strongly suggest that the network analyzer be calibrated when
performing a Swept Frequency Scan. There are two ways to do this but the preferred method is to create
a power meter profile. Direct use of a power meter can be employed in situations where the stability of
the network analyzer is in question.

Below is the list of supported power meters. If your power meter is not listed, and want your power meter
to be supported, please contact EMSCAN Technical Support.

HP 4418A 4419A

Agilent U2001A U2001B U2001H U2000A U20008B U2000H

R&S NRP NRP2

( R
Note:

Keysight USB Power Sensors

If your Keysight Power Sensor can not be detected by the Keysight IO Libraries Suite under Windows 10,
please follow these instructions below to fix the USBTMC driver issue:

1. Run the following command on a Command Prompt with Administrator privileges:
On 64-bit Windows:

dpinst /S /SE /SW /PATH “c:\Program Files\IVI Foundation\VISA\IVI USB Staging\b841aa80\Windows”
On 32-bit Windows:

dpinst /S /SE /SW /PATH “c:\Program Files\IVI Foundation\VISA\IVI USB Staging”

2. Unplug and replug the USB device.

U2000A 10 MHz - 18 GHz USB Power Sensor (Tested)

U2000B 10 MHz - 18 GHz USB Power Sensor

U2000H 10 MHz - 18 GHz USB Power Sensor

U2001A 10 MHz - 6 GHz USB Power Sensor

U2001B 10 MHz - 6 GHz USB Power Sensor

U2001H 10 MHz - 6 GHz USB Power Sensor (Tested)

U2002A 50 MHz - 24 GHz USB Power Sensor

U2002H 50 MHz - 24 GHz USB Power Sensor

U2004A 9 kHz - 6 GHz USB Power Sensor (Tested)

Power Meter Profile

Reading from a power meter, RFxpert software will store the actual network analyzer power at the end of
the cable in a file. This power meter profile can be used to correct the radiated power readings as if the
AUT was receiving a stable input power.
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Creating a profile

To create a profile for a network analyzer you connect the output of port 1 to the power meter using your
test cable. Both the network analyzer and power meter must be connected to the PC running RFxpert
via the Keysight 10 Libraries Suite. Connect the Network Analyzer first and the Power Meter next.. If the
network analyzer and/or power meter were connected after the RFxpert application was opened, the
RFxpert Application needs to be made aware of these new instruments. On the orange RF icon in the
START Menu, left click and select Refresh Instrument or click on the Refresh icon to the bottom right of
the RFxpert application window.

In the ‘Settings” window of the swept frequency node there is a ‘Power Meter Settings’ tab. Select the
Use Stored Profile button and click on Create/Edit to create a new power profile or edit a power profile
that has been loaded up, click on Load to bring up an existing power profile, or click on Save As to save
an edited power profile.

pppppppppppppppp

pppppppppp

k oK Gancel Aoply ‘
L ok || Cancel

To create a profile automatically, simply enter the start, stop frequency and number of points. The output
power must be within the limits of the network analyzer but typically should be the maximum allowed
value. When you click the ‘Create Profile’ button you see the list being populated. If these values seem
reasonable, click the OK button. You can use the profile immediately or save it by clicking on the Save
As button.

You can either set a range for a single test or you can create a list that will characterize the setup over the
entire operating band (e.g., 300 MHz to 6 GHz). Note that the file will only apply to the particular network
analyzer and cable combination and that the power could still drift over time.

Editing a profile

*This feature is for advanced users. Improper settings can severely affect the accuracy of RFxpert.
However, there is no danger of permanently affecting the results. The results will only be inaccurate as
long as the modified profile file is being used.

This can be used to further increase the accuracy of RFxpert by not only calibrating for output power but
also allowing the user to custom calibrate results for their particular antenna. For example, if the user is
testing a particular model of antenna and they find there is a systematic 1.2 dB offset in gain values as
compared to a chamber test they can adjust the power profile to force the results to match.

Doing this will change the predicted results and EMSCAN can no longer ensure the accuracy but for
advanced users this can be an effective way to exactly match RFxpert results to chamber results. The
goal being for future testing of the same antenna model the results can now be compared directly to
chamber measurements.

% RFxpert



RFxpert Software
Appendix - Connecting Power Meter and Network Analyzer

Using a profile Eaution: )
If the user has already created a profile and has stored this |* Do r_10t overlqad the power sensor
on their computer then they can easily reuse this profile for maximum rating. Otherwise power
future tests. To do this they simply go to the ‘Power Meter sensor will be damaged

Settlnr?? t?rl: cg the jetttlngz wmf(.jlow and click on Load to |, Achieve input power to DUT
search for the desired stored profiie. L between 0 — 33 dB for reliable dataJ

If the stored frequencies cover the range that is currently
being measured, the power values are automatically adjusted
with a linear interpolation of the stored output power values.

Power Metering in Real-Time

» First connect the PC to the Power Meter. If you are
using a power meter that can use a USB connection
then simply connect the power meter to the PC and
detect it with the Agilent IO user interface. For power
meters that use GPIB interface you can use the USB-
GPIB adapter. If this is already being used for the
Network Analyzer you can simply use a GPIB jumper
cord to connect the two instruments. This is shown in
the image below

Network Analyzer and Power Meter Setup

« Ensure that the network analyzer is properly Showing Power and USB Cables
connected to the PC and detected using the Agilent
IO interface.

* Plug the network analyzer and power meter power cords

* Necessary to use an amplifier at the output of the Network analyzer if a minimum of 0dBm cannot
be maintained at the antenna feedpoint. If the antenna is sensitive to this setup then matching 3-6dB
attenuators can be placed after the splitter in the path to the antenna and the power meter.

é y

Power Meter

Network
Analyzer

/ Antenna Under Test \
RFxpert Scanner

\. J

Power Meter Sensor and Power Splitter Setup
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Working with Unsupported Power Meters

It is possible to create a profile from an unsupported power meter. In this case, manual measurements
can be done for each frequency set in the Swept Frequency Settings and entered imanually through the
Create/Edit function by using the Manual menu. First click on Create/Edit. Then in the Manual section,

enter each frequency and power value one by one by clicking Add. When finished clicked OK. You end
up back to Settings window and you can save as this profile.

Settings VNA Profile h
Frequency Setings | Networ Anaiyzer| Power Meter | Separaton | Select Scan Range | PRAD Ofise Table

Index Frequency  VNAPower

Stop :
Load savens
‘Apply To CurentData Points :

Band Width :

Output Power :
ork analyzor butthe accuracy of
il be reduced

Create Profile

O Use Power Meter

Manual

Frequency (MHz)  VNA Power

Add

Remove All

GPIB Instrument Connection (HP 8714ES/ED or Agilent 8960)

When the instrument is connected via GPIB, follow below steps:

Right click 10 icon on bottom right corner of the Windows and select Agilent Connection Expert

Utilities »
VISA Options ¥
Docurmnentation »

Exit Keysight |0 Control

L About Keysight |0 Libraries Suite J

Keysight Connection Expert window will be displayed. Click on Settings, then select Keysight 488
options and check the box Enable Keysight GPIB Cards for 488 Programs.

ﬁ Keysight Connection Expert 2017 ## =N E x‘
) * Settings Ctrl+Shift+S
Instruments PXI/AXIe Chassis Tools %
[y Instruments +aAdd S =Y Show Welcome Screen...
About Connection Expert...

V' LAN (TCPIPO)

Instruments found on local subnet, click [+Add] to add to

your list

' USB (USBO)

No Instruments Found
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Settings

Remote IO Server options Keysight 488

PXI system options
ysight GPIB Cards:

Enabling this option allows Keysight GPIB cards to work in NI-488.2-compatible programs.

| Keysight VISA options

This can cause valid or unwarranted error messages from National Instruments software.

Auto Discovery options
nable Keysight GPIB Cards for 488 Programs

Data Analytics options

10 Libraries Suite Updates

* Reboot your PC
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Total Radiated Power (TRP) Measurements with Phantom Head + Hand Test Kit
Available only for RFX2 models

Total Radiated Power (TRP) measurements using a phantom head and hand are an important performance
requirement for mobile device manufacturers and wireless service providers. Therefore, CTIA has
developed a Test Plan for Mobile Station Over the Air (OTA) Performance. EMSCAN collaborated with
a CTIA listed phantom fixture manufacturer, IndexSAR, to provide an OTA Performance bench top test
fixture with phantom head+hand. The bench top test fixture can be used for ‘talk mode’ testing or as a
device fixture for free space testing. The RFX2 scanner used in this test fixture can perform fast accurate
measurements with excellent correlation to a full compliant OTA test system.

Setup

Position the DUT in the hand and next to the head according to the CTIA test plan . Place the DUT and
the phantoms in front of the RFX2 scanner as shown below. A measurement from each hemisphere
needs to be done to get a complete spherical pattern and a full TRP result. The step by step guide to get
proper results is given below.

\

(a) Head side setup (b) Fixture during rotation (c) Hand side setup
\. J

1. Place the head side next to the RFX2 scanner as shown in Figure (a). Be sure the head is right next
to the scanner lid surface.

2. Measure the separation between the embedded antenna and the surface of the scanner. Enter the 85
mm value into the RFxpert software under the separation tab of the settings.

| separation | | PRAD Ofiset Table|
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3.
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Apply the special adjustmentfactorto convertfrom free space measurementto phantom measurements.
This is done in the PRAD Offset Table tab of the settings. When using the phantom kit the RFxpert
reports values 3.60dB too high in the low band so a -3.60dB offset must be applied to the software.
The offset in the high band is +4.00dB. Both ranges can be set up in one table as shown below. If
there is any other user applied offset for specific chamber calibration this needs to be added to the
results shown in the table.

@ Settings n

Scan Settings | Modulation Settings | Separation | Select Scan Range | PRAD Offset Table

Frequency (MHz )  Offset (dB)

2200 4 Add
No Frequency Offset

1 700.00 -360

2 1000.00 350 i

3 1700.00 400 =

4 2200.00 4.00

. J

Using the BSE scan for a series of measurements, run a scan of the head side. General setup for
measurement of mobile UE is described on page 56 of this manual.

Flip the head and hand fixture as shown in Figure (b).

Create a new scan node to measure the second side and repeat steps 2-4. The separation to the
phone may be different on the hand side. Use the same PRAD offset values.

Use the Aggregate node ability in the software to combine the head side measurement with the hand
side measurements. The aggregate node will now show the TRP value for the UE in the presence of
the phantom head and hand.
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Error Messages

If you receive other error messages please contact EMSCAN Technical Support

Error Messages Possible Causes Action
Error 0001 Another RFxpert application is running Only one RFxpert application is
allowed.
Error 0002 Project file is not compatible. Import files with .Ibj file format
" i . g . Check folder properties and
Error 0003 Writing configuration zip file failed. make sure it is not Read-Only
Error 0004 Failed to connect RFxpert scanner. Contact EMSCAN Technical
Support.
Error 0005 Failed to disconnect RFxpert scanner. Contact EMSCAN  Technical
Support.
Error 1010 Failed to read HeaderFile.txt Contact EMSCAN Technical
Support.
Error 1011 Can not open correction head file. Contact EMSCAN Technical
Support.
Error 1012 Incorrec_t data format in configuration | Contact EMSCAN Technical
source file. Support.
Error 1013 Can not open correction file. Contact EMSCAN Technical
Support.
Error 1014 Can not create configuration file. Contact EMSCAN Technical
Support.
Error 1015 Cannot open Contact EMSCAN Technical
Support.
Failed to read antenna measurement | Contact EMSCAN Technical
Error 1016 . o
information file. Support.
Error 1017 Can not open band information file. Contact EMSCAN Technical
Support.
Error 1018 Can not find PathPhase correction file. | Contact EMSCAN Technical
Please contact EMSCAN. Support.
Error 1019 Ealled to open PathPhase loss correction | Contact EMSCAN Technical
file. Support.
Error 1020 Can not find file Contact EMSCAN  Technical
Support.
Error 1021 Failed to open file Contact EMSCAN - Technical
Support.
Error 1022 Can not find probe correction file.Please | Contact EMSCAN Technical
contact EMSCAN. Support.
Error 1023 Failed to open probe correction file. Contact EMSCAN Technical
Support.
Cannot delete existing *.xIs file(s). The
file(s) is/are in use by another program | The target file is locked. Either
Error 1024 s -
You must close the file(s) before |itis open or setas read only
proceeding.
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Error Messages

Possible Causes

Action

The configuration file has
) ) L become corrupted or deleted.
Error 1025 Cannot find configuration file. Please reinstall RFxpert
application
Failed to read reference antenna|Contact EMSCAN Technical
Error 1026 . L
information file. Support.
The configuration file is wrong.
Please reinstall RFxpert
Error 1027 Cannot serialize configuration file software and try again. If the
problem  persists, contact
EMSCAN technical support.
Error 1028 Failed to store configuration file. Contact EMSCAN Technical
Support.
Error 1029 Invalid schema Contact EMSCAN  Technical
Support.
Error 1030 Invalid class Contact EMSCAN  Technical
Support.
Error 1031 Invalid index. Contact EMSCAN Technical
Support.
Error 1032 Invalid file Contact EMSCAN Technical
Support.
Error 1033 Unrecognized data format. Contact EMSCAN  Technical
Support.
There is a potential problem
) with the windows OpenGL
Error 1034 An OpenGL error occurred: installation. Contact EMSCAN
Technical Support.
If you don’t select the type of
You need to select one type of data to data to be (-?xported, this error
Error 1035 . message will appear. Please
export or click Cancel
select the type of data to export
to excel.
Error 1036 Fa|qu to set probe or get reference | Contact EMSCAN Technical
amplitude. Support.
Check the USB connection. If
] . the error message still appears,
Error 1037 USB Error: 1/0 pending contact EMSCAN  Technical
Support.
Error 1038 No data was exported. Trym_g to export_ an empty data
list will cause this error.
L . The frequency value entered is
Error 1039 Frequency value exists in frequency list. already in the list.
Enter a smaller value in the
Error 1040 Start frequency should be smaller than start frequency than the stop
stop frequency. f
requency.
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Error Messages

Possible Causes

Action

There is a potential problem
. . with the windows OpenGL
Error 1041 ChoosePixelFormat failed. installation. Contact EMSCAN
Technical Support.
There is a potential problem
Error 1042 SetPixelFormat failed (no OpenGL |with the windows OpenGL
compatible video mode) installation. Contact EMSCAN
Technical Support.
Please enter a frequency
value between 300 and 6000.
Between each band there are
Error 1043 Frequency value is out of range. few gaps, make sure not to
select between the frequency
band gaps. Contact EMSCAN
Technical Support.
Error 1044 The DialogBar is not docked. Contact EMSCAN  Technical
Support.
Error 1045 DialogBar is docked alone. Contact EMSCAN  Technical
Support.
Max should be bigger than Min for Enter a greater value in the
Error 1046 . Max amplitude than the Min
amplitude. ,
amplitude.
File is too large to save. Please
Error 1047 File size exceeds limits. move some nodes into a new
project and try again
The installation has become
Error 1048 Missing RFxpertDLL.dIl file. corrupted. Please reinstall the
application
Check the USB connection
Cannot connect USB device. Please | and whether the USB driver is
Error 1049 check if the USB device is installed | installed properly. If the problem
properly. persists contact EMSCAN
technical support.
Error 1050 Cannot find DLL file for USB device. | Make sure DLL file for USB
Make sure DLL file is installed properly. | device is installed properly
Error 1051 Get DLL Procedure - Address Error. i L L
support.
Error 1052 USB packet error. Contact EMSCAN  technical
support.
Running RFxpert for the first time or For some RFxpert systems
) . . ) you must manually select the
cannot find configuration file. Do you ) . )
Error 1053 - L configuration file from the
want to select configuration file from your , ; :
CD when first installing the
computer? L
application.
Read scanner flash memory data stream .
Error 1054 size exceeded limit.Please contact gontacrtt EMSCAN Technical
EMSCAN. upport.
Error 1055 Registry Error Contact EMSCAN  technical
support.
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Error Messages

Possible Causes

Action

Error 1056 Measured Frequency is out of range. Try | Please enter a frequency value
again. between 300 and 6000.
If scanner is unplugged during
. . a scan, this error message
Error 1057 Read data time out. Try again or restart will appear. Please check the
RFxpert hardware. .
connection, reboot the system
and try again.
Get hardware correction datal problem Contact EMSCAN  technical
Error 1058 or release hardware correction data suooort.
problem. Please contact EMSCAN. pport.
Error 1059 Get calibration data problem. Please [ Contact EMSCAN technical
contact EMSCAN. support.
Error 1060 Get phase shift value problem. Please | Contact EMSCAN technical
contact EMSCAN. support.
Error 1061 Get configuration data problem. Please [ Contact EMSCAN technical
contact EMSCAN. support.
Error 1062 Get phase loss data problem. Please | Contact EMSCAN technical
contact EMSCAN. support.
Error 1063 Get probe factor problem. Please contact [ Contact EMSCAN technical
EMSCAN. support.
Error 1064 Get phase calculation data problem.| Contact EMSCAN technical
Please contact EMSCAN. support.
Error 1065 No device detected. Try again. Check RExpert connections
and try again.
Error 1066 Set scan frequency or frequency is out of | Enter a frequency value
range. between 300 and 6000.
Error 1067 There is no response in TDMA mode Check TDMA source signal
Error 1068 Failed to set frequency. Contact EMSCAN.
Error 1069 Failed to get reference antenna index. Contact EMSCAN.
Check RFxpert and other
. instruments connections. If the
SIEp Scan failed. problem persists please contact
EMSCAN technical support.
Check if RFxpert DLL.DLL
. exists in the application folder
Error 1071 Failed to load RFxpertDLL.DLL. (C:\Program Files\EMSCAN
Corporation\RFxpert)
The application cannot write
Error 1072 Cannot create VNA profile. o the destination folder.. Make
sure the folder properties are
set to allow writing
The application cannot write
Error 1073 Cannot open VNA Profile. to the destination folder_. Make
sure the folder properties are
set to allow writing
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Error Messages

Possible Causes

Action

The application cannot write
Error 1074 Cannot read - write VNA profile. o the destination folder.. Make
sure the folder properties are
set to allow writing
VNA Profile list is empty or frequency . . :
Error 1075 points and profile list item count are not Set the list of frequencies again
and retry.
equal.
The application cannot write
Error 1076 Cannot find VNA Profile. o the destination folder. Make
sure the folder properties are
set to allow writing
Error 1077 Failed to load VNA profile. Contact EMSCAN technical
support.
Frequency is out of VNA profile frequency | Set the scan frequency within
Error 1078 :
range. the VNA profile frequency range
Error 1079 Connection with VNA failed Check VNA cable connection
Error 1080 VNA profile file name is empty. gt]rc;ose a profile name and
GPIB equipment is not currently
Error 1081 Unrecognizable GPIB equipment. supported. Contact EMSCAN
technical support.
Make sure the traffic channel
) - does not exceed the range limit
Error 1082 Traffic channel exceed range limit that is displayed on the dialog
box
Make sure the broadcast
Error 1083 Broadcast channel exceed range limit channe_l <.:loes n_ot gxceed the
range limit that is displayed on
the dialog box
Error 1084 PCL list is empty Enter PCL level in the list
Connection  with  Network
Error 1085 Incorrect GPIB address Analyzer can’t be established.
Please check GPIB address.
Make sure to add linear sweep
Network Analyzer scan frequency list is | start and stop frequencies in the
Error 1086 )
empty. settings of Swept Frequency or
S,, Scan.
Error 1087 Multiple Sample number should be bigger | Contact EMSCAN Technical
than 0. Support.
Error 1088 Please enter valid Multiple Sample | Contact EMSCAN Technical
number. Support.
Error 1089 Down Link channel list is empty. Contact EMSCAN Technical
Support.
Error 1090 UE target power list is empty. Contact EMSCAN  Technical
Support.
Error 1091 Traffic channel is empty. Contact EMSCAN Technical
Support.
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Error Messages

Possible Causes

Action

Out of Output power range.Please check | Contact EMSCAN Technical
Error 1092
Network Analyzer user manual. Support.
Error 1093 Please select NA mode. Contact EMSCAN  Technical
Support.
Error 1094 Cannot fine or this is not valid file name. Contact EMSCAN Technical
Support.
Error 1095 Preset power meter failed. Contact EMSCAN Technical
Support.
Error 1096 Out of separation range Contact EMSCAN Technical
Support.
Error 1097 No matched separation value in|Contact EMSCAN Technical
configuration.Please contact EMSCAN. | Support.
Error 1098 Please enter a valid value. Contact EMSCAN Technical
Support.
Error 1099 Can not delete file Contact EMSCAN  Technical
Support.
Error 1100 Node item cannot be dropped onto itself Asca_n node cannot be dropped
onto itself to make comparison
This node cannot be dropped onto its | A sub node cannot be dropped
Error 1101 i i
parent node onto its parent/main node
. A main node cannot be dropped
Error 1102 Thls r_10de cannot be dropped onto one of onto one of its children/sub
its children node
node
The node that you are trying
This node can't be dropped onto this|to compare must have same
Error 1103 .
node settings and be the same scan
type
The following items must exactly match: [ The two scans placed into an
Error 1104 1. Number of scans 2. Scan frequency 3. [ aggregate node must have the
Signal channels and PCL levels for BSE | same frequency points and/or
node. power levels
Frequency order should be in ascending | Contact EMSCAN Technical
Error 1105
order Support.
Error 1106 Selected bandwidth is not available Refer to VNA settings
Error 1107 Please specify folder and file name Contact EMSCAN Technical
Support.
Error 1108 Cannot get band information. Please | Contact EMSCAN technical
contact EMSCAN. support.
Error 1109 Frequency X is out of license range. It | Make sure the frequency is in
should be within Y and Z MHz your license range.
. Connection  with Network
Error 2000 S;”v?oriilr:(: zirrrggnr?elizcs)?\ check the Analyzer can’t be established.
y Please check GPIB address.
Please check the connection
Error 2001 VNA write error with Network Analyzer and try
again.
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Error Messages

Error 2002

Possible Causes

GPIB Read Error

Action

Please check the connection
with the external instrument
and try again.

Error 2003

Network Analyzer Read Error

You'll receive this message
when you run a Swept
Frequency or S, scan with no
NA connected or the device
is set to “System Controller”.
Ensure all remote devices are
set as “talker/listener”.

Error 2004

Power Meter Read Error

You'll receive this message
when you run a Swept
Frequency or S, scan with
no Power Meter connected or
the device is set to “System
Controller’. Ensure all remote
devices are set as “talker/
listener”.

Error 2005

Error taking VNA device offline.

Please check the connection
with the external instrument
and restart the application.
Restart the Agilent 10 if the
problem persists

Error 2006

Error taking VNA interface offline.

Please check the connection
with the external instrument
and restart the application.
Restart the Agilent 10 if the
problem persists

Error 2007

Error taking PM device offline.

Please check the connection
with the external instrument
and restart the application.
Restart the Agilent 10 if the
problem persists

Error 2008

Error taking PM interface offline.

Please check the connection
with the external instrument
and restart the application.
Restart the Agilent 10 if the
problem persists

Error 2009

GPIB Device Error. Please check the
connection and setting of Power Meter

If running a Swept Frequency
Scan or S, with no GPIB
controller connected, this error
message will appear. Please
try the following suggestions:

1) Check cable connection

2) Check if the driver is properly
installed.

3) Check if GPIB card is
properly installed
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Error Messages Possible Causes Action
You'll receive this message
when you run a Swept
Failed to read output from Power Meter [ Frequency or S, scan with
Error 2010 GPIB Device command. Please check | no Power Meter connected or
the connection and setting of Power | the device is set to “System
Meter. Controller”. Ensure all remote
devices are set as ‘“talker/
listener”.
You'll receive this message
when you run a Swept
Frequency or S, scan with
Error 2011 Power meter write error no Powgr Meter conn?cted or
the device is set to “System
Controller”. Ensure all remote
devices are set as “talker/
listener”.
VNA GPIB address and Power Meter | The addresses should not be
Error 2012
GPIB address are the same the same
1) Check cable connection
Error 2013 Cannot connect Base Station Emulator 2) Check if the driver is properly
installed
Error 2014 Incorrect channel _Se_lect a transmit channel that
is in the acceptable range.
Error 2015 No related path loss data of such|Contact EMSCAN technical
frequency support.
. ) Cell phone didn’t response to
Error 2016 Call disconnected; No response to page the BSE call.
Base Station Emulator firmware is not| Contact EMSCAN technical
Error 2017 E—
supported support.
1) Check cable connection
Could not initialize the GPIB Device. | 2) Checkifthe driveris properly
Error 3001 . installed
Please check the connection of
3) Check if GPIB card is
properly installed
Error 3003 Failed to execute GPIB command: Contact EMSCAN  technical
support.
Error 4000 Invalid channel number Enter a correct channel range
Error 4001 Please enter valid channel number Enter a channel number inside
the channel range
Check the list, and make sure
Error 4002 Selected channel exists in the list to enter a channel that is not on
the list
. Ensure there is at least one
Error 4004 Please enter valid PCL PCL level added in the list
Check the list, and make sure
Error 4005 PCL Value exists to enter a PCL that is not on the
list
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Error Messages

Possible Causes

Action

Error 4006 Please enter a valid Power In value Power in must be set in dBm
Error 4007 Please enter a valid return loss value. | Return loss should be a
Return loss value should be less than 0 | negative value entered in dB
Please enter a valid Timeout value. Timeout is a time in msec
Error 4008 Timeout value should not be smaller than
0 greater than 0.
Please enter a valid Threshold value. | Threshold is power level in dBm
Error 4009 Threshold value should not be smaller | and it should not be smaller
than -5. than -5.
Error 4010 Please enter a valid Holdoff value. Holdoff | Holdoff is a time in use greater
value should not be smaller than 0. than 0.
If a node which is placed under
an aggregate node cannot have
Error 4011 Cannot change the settings of the node | the settings changed. Remove
the node from the aggregate
node and try again
Error 5000 This is invalid license file Contact EMSCAN  technical
support.
The application cannot write
Error 5001 Cannot create file: o the destination folder. Make
sure the folder properties are
set to allow writing
The application cannot write
Error 5002 Cannot read file : to the destination folder. Make
sure the folder properties are
set to allow writing
Error 5003 License Error. Cannot encrypt data. Contact EMSCAN Technical
Support.
Error 5004 License Error. Cannot decrypt data. | Contact EMSCAN Technical
Please contact EMSCAN. Support.
Error 5005 License has expired. For more information | Contact EMSCAN Technical
please contact EMSCAN. Support.
Error 5006 Failed to load license file Contact EMSCAN Technical
Support.
Error 5007 Ealled to decompress the configuration [ Contact EMSCAN Technical
file. Support.
Error 5008 PL_JIImg configuration file from firmware | Contact EMSCAN Technical
failed. Support.
Error 5009 License is not assigned to this unit.| Contact EMSCAN Technical
Please contact EMSCAN. Support.
Please contact EMSCAN to get the|Contact EMSCAN Technical
Error 5010 .
correct license. Support.
Error 5011 Uploadlng config file to flash memory Restart' RFxpert hardware and
failed. try again
Error 5012 Loading configuration file failed. Restart_ RFxpert hardware and
try again
Error 5013 You already updated this license. ggg:)icri EMSCAN  Technical
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Error Messages Possible Causes Action
Error 5014 Unable to de-archive 7z file. Contact EMSCAN Technical
Support.
Error 5015 Error 5015:\n\n Failed to update license | Contact EMSCAN Technical
Please Contact EMSCAN. Support.
Warning 027 RFxpert Project Files cannot be opened | Please connect to hardware to
9 without a configuration file. download the configuration file.
Please connect to hardware
Warning 028 No configuration file present. to download the configuration
file.”
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Radiation Pattern: Far field radiation intensity versus angle with peak as directivity (dBi)
U=pP-r

Prad (Power Radiated): The total radiated power in one hemisphere (dBm)

TRP (Total Radiated Power): The total radiated power in two hemispheres (dBm)

TRP = ff U8, @) sinfl db de

Directivity: How well the antenna intensifies radiation intensity in peak direction (dBi)

U
D=4 (ﬂ)
"\rrp

Efficiency: Antenna efficiency is ratio of input power to radiated power(%)

_ _ 2
Pacf:s*ptsd - Pdslivs‘rsd (1 511 }

TRP TRP
Eradiated = (P ) Efm.tenna = (F )

accepted delivered

Gain: This is the peak antenna gain using accepted power as input (dBi)
G=E-D=4n- Umaxfpaccgptgd

Greaiized =E-D=4m- Umaxfpdghvgred

EIRP (Effective Isotropic Radiated Power): Equal to the TRP plus directivity (dBm)
EIRP =TRP -D = -H Uppay SIN0 dO do = 41 Uy

Envelope correlation (pe): is a measure of how closely two separate radiation patterns match.

— |ff4n-d'QUl(e'(p)*'UZ(e;Qo)lz
Pe [, ,d21U1 (8,012 [, dR|U2(6,9) 2

Correlation: is the square root of envelope correlation

P =pe
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1) Tot. Rad. Pwr. (dBm) 2.01
2) Peak EIRP(dBm) 9.19
3) Directivity (dBi) 6.7
4) Efficiency (dB) N/A
5) Efficiency (%) N/A
6) Gain (dBi) N/A
7) NHPRP +Pi/4 (dBm) -1.4)
8) NHPRP +Pi / 6 (dBm) -1.4)
9) NHPRP +Pi / 8 (dBm) -1.4)
10) Upper Hem. PRP (dBm) 1.69
11) Lower Hem. PRP (dBm) -9.48
12) NHPRP4 / TRP Ratio (dB) -1.4)
13) NHPRP 4 / TRP Ratio(%) -1.4)
14) Near Horz.TRP for +Pi / 4 (dBm) -1.4)
15) NHPRP6 / TRP Ratio (dB) -1.4)
16) NHPRP 6 / TRP Ratio(%) -1.4)
17) Near Horz.TRP for Pi / 6 (dBm) -1.4)
18) NHPRP8 / TRP Ratio (dB) -1.4)
19) NHPRP 8 / TRP Ratio(%) -1.4#)
20) Near Horz.TRP for +Pi / 8 (dBm) -1.4)
21) UHPRP / TRP Ratio (dB) -0.32
22) UHPRP / TRP Ratio(%) 92.91
23) Upper Hem.Total Radiated Pwr (dBm) 4.69
24) LHPRP / TRP Ratio (dB) -11.5
25) LHPRP / TRP Ratio(%) 7.09
26) Lower Hem. Total Radiated Pwr(dBm) -6.48
32) Boresight Phi (°) 180
33) Boresight Th. (°) 0
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1. Tot. Rad. Pwr. (dBm) = Total Radiated Power
29 ZI,D (Uﬂ (ﬂir @j} + U@.{Bi, (PJ}) W{Bl)
4T

TRP =

2. Peak EIRP (dBm) = Peak value of the Radiated Power pattern
Max(Ug(6;,9;) + U, (6, 9;))

3. Directivity (dBi)
EIRP

N 2o Eqp(Ue('gi:@;} + qu(ﬂi:(aj))w('gi)

4. Efficiency (dB): Antenna efficiency is ratio of input power to radiated power(%)

D

_ _ 2
Paccepted - Fde!ivm‘ed (1 511 ]

E ( TRP ) E ( TRP )
diated — £ =
raciate Pacceptred antenna Pdolivered

5. Efficiency (%): Antenna Efficiency in percent
6. Gain (dBi): This is the peak antenna gain using accepted power as input (dBi)

G=E-D=4mn- Umaxfpacceptsd

Grgalizgd =E-D=4m- Umaxfpdgiivgred

7. NHPRP %Pi/4 (dBm) = Near-Horizon Partial Radiated Power from +45° to -45°

(E4s<3<135 Y (Uﬂ(ﬁi- ‘Fj) + U‘p(eir‘pj}) wie;) + %23245.1352p(uﬂ(6h ‘Pj) + Up(eir';"j)}w(ei))
4m

8. NHPRP zPi/6 (dBm) = Near-Horizon Partial Radiated Power from +30° to -30°

(Eauqﬂﬂzozp (Us(eirﬁaj} + U(p(ﬂn "Pj}) w(e;) + é29=59.4.120.6 Eqn(Us (ﬁi» ‘Pj) + Ucp{ﬁil‘pjj)w{ﬁi))
4m

9. NHPRP zPi/8 (dBm) = = Near-Horizon Partial Radiated Power from +22.5° to -22.5°

(267.5<9¢:112.5 Eq‘a (Us ('91'- ‘Fj) + Ur,f: (eir '30_1'}) W(H:’))
4

10. Upper Hem. PRP (dBm) = Upper hemisphere partial radiated power (Prad from top scan)

(Esc:auqu (UB(B:'- ‘F’j} + qu(ﬁi-%')) wie;) + %Eﬂﬂm E@(Uﬁ(ﬁil ‘F’j} + U, (8, ‘P;'))W(ﬂi))
4

(Em»em B (Ua(ﬁf- @j) + U@(ﬁi-‘pj}) wia,) + %Eazaa E.p(Ua(ﬁi- 'F'j} + U, (8, wj-))W(Be))
4
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12. NHPRP4 / TRP Ratio (dB) NHPBP+Pi/4 (dBm) - TRP (dBm)

13. NHPRP4 / TRP Ratio (%) NHPRP£Pi/4 (mW) / TRP (mW)

14. Near Horz. TRP for £Pi/4 (dBm) = TRP if NHPRP+Pi/4 were in all directions

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27

105

4w

10Log |NHPRP % Pi/4 (linear) x ]
Yas<p<ias Lo WG + EES=45.135 Yo W(Hf))

NHPRP6 / TRP Ratio (dB) NHPRP6 (dBm) - TRP (dBm)
NHPRP6 / TRP Ratio (%) NHPRP6 (linear) / TRP (linear)
Near Horz. TRP for £Pi/6 (dBm) = TRP if NHPRPxPi/6 were in all directions

4

10Log |NHPRP + Pi/6 (linear) x 1
Yeo<o<120 Ew wi(e;) + I EEJ=59.4.120.6 Erp W(ei))

NHPRP8 / TRP Ratio (dB) NHPRPS8 (dBm) - TRP (dBm)
NHPRP8 / TRP Ratio (%) NHPRPS (linear) / TRP (linear)
Near Horz. TRP for £Pi/8 (dBm) = TRP if NHPRPxPi/8 were in all directions
10Log |NHPRP + Pi/8 (linear) x i
(Bers<0<1125 X W(6))
UHPRP / TRP Ratio (dB) UHPRP (linear) / TRP (linear)
UHPRP / TRP Ratio (%) UHPRP (linear) / TRP (linear)
Upper Hem.Total Radiated Pwr (dBm) UHTRP(dBm) = 3dB + UHPRP(dBm)
LHPRP / TRP Ratio (dB) LHPRP (dBm) - TRP (dBm)
LHPRP / TRP Ratio (%) LHPRP (linear) - TRP (linear)

Lower Hem. Total Radiated Pwr(dBm)  LHTRP(dBm) = 3dB + LHPRP(dBm)

. Front/Back Ratio (dB)
U (8=0°) (dB) - U (6=180¢) (dB) or U (Bmax,qmax) (dB) - U (180° -Buax, 180 ° +pmax)(dB)
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28. N/A

29. N/A

30. N/A

31. N/A

32. Boresight Phi (°) = The phi angle of the peak EIRP  ®max
33. Boresight Th. (°)= The theta angle of the peak EIRP 6z
34. Maximum Power (dBm)  Max(U)(dBm)

35. Average Power (dBm)

[U(8=0°)(linear) + U{8=90°)(linear) + X2%%°  ,_. o0 E@iﬁ;‘f U(8, p)(linear)]/9902 =

including 90%*and 900~

36. Max/Min Ratio (dB) Max(U)(dBm)- Min(U){dBm)

37. Max/Avg Ratio (dB)  Max(U)(dBm) - Average Power (dBm)
38. Min/Avg Ratio (dB)  Min(U)(dBm) - Average Power (dBm)
39. Average Gain (dBi)  TRP(dBm) - Pin(dBm)

40. N/A

41.N/A

42. N/A

43. N/A
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Regulatory Compliance

Safety and Regulatory Information

* Read all of the instructions listed here and/or in the user manual before you operate this device. Give
particular attention to all safety precautions. Retain the instructions for future reference.

* This device must be installed and used in strict accordance with manufacturer’s instructions, as
described in the user documentation that is included with this device.

» User must comply with all warning and caution statements in the instructions. Observe all warning
and caution symbols that are affixed to this device.

» To prevent shock or fire hazard, do not expose this device to rain or moisture. The device must not be
exposed to dripping or splashing. Do not place objects filled with liquids or chemicals on the device.

» This device was qualified under test conditions that included the use of the specified cables, between
system components. To ensure regulatory and safety compliance, use only the provided power and
interface cables and install them properly.

- Different types of cord sets may be used for connections to the main supply circuit. Use only a main
line cord that complies with all applicable device safety requirements of the country of use.

+ Installation this device must be in accordance with national wiring codes and confirm to local power
company instructions and guidelines.

« Do not overload outlets or extension cords, as this can result in a risk of fire or electric shock.
Overloaded AC outlets, extension cords, frayed power cords, damaged or cracked wire insulation,
and broken plugs are dangerous. They may result in a shock or fire hazard.

* Route power supply cords so that they are not likely to be walked on or pinched by items placed upon
or against them. Pay particular attention to cords where they are attached to plugs and convenience
receptacles, and examine the point where they exist from the device.

* Place this device in a location that is close enough to an electrical outlet to accommodate the length
of the power cord.

+ Place the device to allow for easy access when disconnecting the power cord of the device from the
AC wall outlet.

+ Do not connect the plug into an extension cord, receptacle, or other outlet unless the plug can be fully
inserted with no parts of blades exposed.

¢ Place the device on a stable surface.

+ It is recommended that the customers install an AC surge protector in the AC outlet to which this
device is connected. This is to avoid damaging the device by local lightning strikes and other electrical
surges.

« Postpone installation until there is no risk of thunderstorm or lightning activity in the area.

* Do not cover the device or block the airflow to the device with any other objects. Keep the device
away from excessive heat and humidity and keep the device free from vibration and dust.

*  Wipe the device with a clean, dry cloth. Never use cleaning fluid or similar chemicals. Do not spray
cleaners directly on the device or use forced air to remove dust.
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* Do not use this product near water: for example near a washbowl, or a laboratory sink.

» Do not open the device. Do not perform any servicing other than that contained in the installation and
troubleshooting instructions. Refer all servicing to qualified service personnel.

* This device should not be used in an environment that exceeds 40° C and lower than 15° C.

FCC Class B Notice
This device complies with Part 15 of the FCC Rules. Operation is subject to the following two conditions:
» This device may not cause harmful interference.

« This device must accept any interference received, including interference that may cause undesired
operation.

Note: This equipment has been tested and found to comply with the limits for a Class B digital device,
pursuant to Part 15 of the FCC Rules. These limits are designed to provide reasonable protection against
harmful interference in a residential installation. This equipment generates uses and can radiate radio
frequency energy and, if not installed and used in accordance with the instructions, may cause harmful
interference to radio communications. However, there is no guarantee that interference will not occur in a
particular installation. If this equipment does cause harmful interference to radio or television reception,
which can be determined by turning the equipment off and on, the user is encouraged to try to correct the
interference by one or more of the following measures:

* Reorient or relocate the receiving antenna

* Increase the separation between the equipment and receiver

» Connect the equipment into an outlet on a circuit different from that to which the receiver is connected
* Consult the dealer or an experienced radio/television technician for help

Modifications: Any modifications made to this device that are not approved by EMSCAN Corporation
may void the authority granted to the user by the FCC to operate this equipment.

Changes or modifications not expressly approved by the party responsible for compliance could void the
user’s authority to operate the equipment.

Pursuant to Part 15.21 of the FCC Rules, any changes or modifications to this product not expressly
approved by party responsible for compliance might cause harmful interference and void the FCC
authorization to operate this product.
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CE mark
RFxpert conforms the following standards or other normative documents:
+ Electromagnetic emissions:

(Council Directive 2004/108/EC-EN61326-1:2006. EN55011:2007/A2:2007, EN61000-3-2: 2006,
EN61000-3-3:1995/A1:2001)

+ Electromagnetic immunity:

(Council Directive 2004/108/EC—EN61326-1:2006 IEC61000-4-2: 1995/A1/A2:2000, IEC61000-4-
3:2002, IEC61000-4-4:2004, EN61000-4-5:1995/A1:2001, EN61000-4-6:1996/A1:2001, IEC61000-
4-11:2004)

» Safety:
(Council Directive 2006/95/EC-IEC/EN 61010.1)

* Marks of Compliance

rN ote:

The product must use a CE
compliant Client Computer, CE
compliant Network Analyzer, CE
compliant Base Station Emulator,
CE compliant Signal Source and
Power Meter, and CE compliant
Power supply to ensure system
Llevel CE compliance. y
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