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Diamond Engineering

Automated Measurement Systems

Congratulations on your purchase!

Diamond Engineering’s Desktop Antenna Measurement System has been designed to aid in the
testing and development of small to medium sized antennas. Using our state of the art software, this
system enables you to make many different types of measurements with complete user-definable
configuration settings. The “Advanced Processing” features enable you to not only plot 3D graphs
of the measurements, but also to save and recall those measurements for future use or comparison.
Using the “"Group Delay” function, you can calculate the exact distance to the test Antenna, identify
multi-path rays, and eliminate the need for other measuring devices. Our software also allows you
to export your data to a 3rd party application or spreadsheet.

This manual will fully assist you with the assembling and configuring as well as teach you how
to utilize the many features of your Desktop Antenna Measurement System. To achieve the full
functionality of the rotator system, it's expected the user has some working knowledge about the
concepts and theories involved in microwaves and antenna design development.

We cannot emphasize the importance of fully reading and understanding this manual enough

before actually using the equipment, as to avoid damaging the unit and/or possibly voiding your
warranty.

Best regards,

The Diamond Engineering Team
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Key Features

Light Weight
Platform is made of high quality, light weight Acrylic
material for easy portability.

Easy USB Connectivity
Unit easily connects to the computer using a
standard USB cable.

User Friendly Software

Our software has been designed to be understood
easily to ensure the shortest time to successful
antenna measurement.

High Quality Components
The antenna measurement platform is built mostly
with non-metallic, custom machined parts.

Widely Compatible

Our software supports a wide range of network
analyzers and instruments that use the GPIB /
488.1/2 and SCPI methods of communication. TCP/
IP and USB is supported on some instruments.

Phase/Angle Measurement

DAMS can measure any vector S-parameter over
a specified frequency range, at each measurement
point, using a VNA.

Dual-Axis Movement

360 degrees of horizontal motion at 1/8th degree
per measurement and +/- 45 degrees vertical
movement angle at 1 degree per step.

DC to 8, 18, 40 GHz. Measurement Ranges
Our wide frequency range allows for a diversified
gamut of compatible antennas. (model dependent)

Rotary SMA Joint
Our high-performance rotary joint enables accurate
measurements without jeopardizing signal integrity.

Advanced Data Processing Features
Designed for post measurement
processing you can perform a range of
functions such as:

3D visualization for all frequencies
and angles

Azimuth and elevation plots for true
3D data modeling

Save / recall data sets from RAM or
local disk

Group delay (distance calculation)
Excel-based reports with data

Efficiency, radiation resistance, and
AUT loss

4-trace 2D-plots
Spherical 3D-plots
Gain plots

Simultaneously manipulate 4
different data sets

Map over 50,000 measurement
points into a single 3D-chart

Reference antenna import feature

3-point gain substitution, and path
loss correction methods

Path loss calculator

Calculator for modifying
measurement results and comparing
antennas

Exports data to spreadsheet or 3rd
part application (such as MatLAB)

Dipole Link Simulator allows creation
of simulated dipole antennas

System Overview




System Requirements

«  AMD /Intel (Core i5 or better is recommended)

e 4 GB RAM (minimum)
* 3 GB hard disk space
* 1 available USB port

« 1024 x 768 display resolution (minimum)

» Keyboard and mouse

+ Compatible Network Analyzer or Power Meter/Spectrum Analyzer and Signal Generator
e PCI, USB or PC Card based name brand GPIB adapter (OR Ethernet if supported)

* Printer (if printing measured antenna plots)

Supported Instruments

If you do not see your instrument on our list, please contact us. It does not necessarily mean it is not supported.

VECTOR NETWORK ANALYZERS
ADVANTEST R376x Series
Agilent 507x Series

Agilent 836x Series PNA's
Agilent 836x Series PNA's
Agilent (HP) 8510x Series
Agilent (HP) 8714 Series
Agilent (HP) 8720 Series
Agilent (HP) 8753 Series
Agilent (HP) 8757 Series
Agilent FieldFox Series
Agilent N5320A Series PNA's

Anritsu 46xx Series Analyzers (VectorStar)
Anritsu 46xx Series Analyzers (ShockLine)
Anritsu 46xx Series Analyzers (Scorpion)

Anritsu 37xx Series Analyzers (Lightning)

Anritsu MS20xx VNA Master Series
Copper Mountain S2 / S4 VNAs
Planar TR1300 Series

Planar S5048 Series

Rohde & Schwarz ZVx Series
Rohde & Schwarz ZND Series
Rohde & Schwarz ZNB Series
Tektronix TTR500 Series

SIGNAL GENERATORS

HP 83650 Series

HP 8350 Series

Agilent N9310A Series

SMP Series

Anritsu MG36xx Series
Anritsu MG69xx Series

Rohde & Schwarz SML Series
Rohde & Schwarz SMP Series
Rohde & Schwarz SMU Series

POWER METERS
Elva DPM-10
HP436A

HP437B

Anritsu ML2438A

SPECTRUM ANALYZERS
HP8565 Series

Rohde & Schwarz FSL Series
Anritsu MS27xx Series
Anritsu MT82xx Series

OTHER / MISC

Agilent N51xx Series
Anritsu MT8860C
Anritsu S820E

Quanset QM2010 Synth

A NOTE: For the most updated list of supported instruments, please visit:
https://www.DiamondEng.net/supported-instruments/

System Overview






Antenna Measurement Studio Installation
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Antenna Measurement Studio

Supports a wide range of power meters, voltmeters, spectrum analyzers and
VNA/PNA's with many data processing features such as quad trace polar
plots, dual trace amplitude plots and more




Instrument Configuration

Instrument Communication

Antenna Measurement Studio communicates with instruments using GPIB, TCP/IP, or
USB. This is accomplished using the Agilent I/O Libraries / Connection Expert and the
Agilent VEE Runtime I/O Configuration, which should be located in your start menu.

A NOTE: An entry in the runtime configuration is ALWAYS required even if there
is nothing configured using the Agilent Connection Expert

If using GPIB we recommend one of the adapters listed below:

- National Instruments GPIB products (ALL)
- Agilent GPIB products (ALL)
- Measurement Computing PCI or PCMCIA GPIB adapters.

A NOTE: Using an adapter that is not listed could result in strange behavior and
installation or configuration issues.

Supported Instrument Types

Please see our list of “Supported Instruments” which are compatible with DAMS
Antenna Measurement Studio. We have designed the software to work with many
types of instruments including, but not limited to:

- Vector Network Analyzers - Signal Generators
- Spectrum Analyzers - Power Meters
- Voltmeters

A NOTE: For the most updated list of supported instruments, please visit:
http://www.DiamondEng.net/dams-software-studio/supported-instruments

Software Installation & Configuration 10



Agilent Connection Expert & VEE Runtime Configuration

Configuring your Instruments

** For Copper Mountain / Planar VNA's, see next section **

After Antenna Measurement Studio is installed, the following Start Menu folders should exist:

- Agilent I/O Libraries
- Agilent VEE Pro (X.X) Runtime

A NOTE: If any folders are missing, refer to the software installation for your model.

Step 1: Find instruments using Agilent Connection Expert

Connect and turn on instruments.
Click Start — Programs — Agilent I/O Libraries — Connection Expert.
The Connection Expert will find and display any interfaces and instruments.

HwnN

I/O Configuration)

This step is complete, Exit the Connection expert and proceed to the next section (VEE Runtime

A NOTE: Some GPIB instruments do not support the *IDN command. For example, HP8510
show up with a red X and say “Communication Failure”, but is not a problem.

ADDING TCP/IP INSTRUMENTS: If your TCP/IP instrument was NOT automatically found, you
must attempt to manually configure it. To do this, right click on TCP/IP in the list and select “ADD".
Then, choose TCP/IP and attempt to manually enter the IP address or hostname of the instrument.

C Agilent Connection Expert

2 Refresh Al

Tasks for This Interface

% Refresh this GPIE interface

@ Igniore

File Edit Wiew IO Configuration Tools Help

2 Froperties

Refresh &l

= %, USER-8D13000922
B coma (asrL)
S ComM? (ASRLT)

L Lo (TCPIPO)

lﬂ Interactive |0 ﬁ Add Instrument h Add Interface K Delete

Task Guide Instrument I/0 on this PC I GPIB Interface using NI-488.2 - GPIBO ~

Iﬁ Chenge properties =] ? Change Properties. ..
Iz Change the label PIED:: 16 INSTR.
GPIBD: 172 INSTR. WISA interface 10 GPIED

GPIB address: 21
LISED
x Delete ﬁ System Contraller: es
SICL interf I b0
General Tasks fnierrece o
Lagical unit: 32
% Refresh al Board number: 0 {GPIBO)
l‘.é T — Auko-discover: Wes
ore Information
@ Howe do T connect?
@ How do I get drivers?
‘where can I find
programming samples?
I

B

A Mational Instruments (or equivalent) GPIB interface card
installed in this computer

@ This item has been verified

Agilent VIS4 iz the primary %54 librany

1
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A IMPORTANT:

Step 2. VEE Runtime I/O Name Configuration

You must complete the following steps for our software to

communicate with your instruments. Antenna Measurement
Studio will display an error if you do not enter the correct
instrument name exactly as shown in the list on the following

page.

Instrurnent Manager

Instrurment List

a1

Save | Cancel|

Altao Discovery

Find Instruments

Settings...

Instrument

Add...

= ........ . Euur"i"r"i'ﬁi'ﬂ'r"—é'fi ..................................................................................................
- GRPIB0
HF25100@GPIBO:162IMSTR)
newlnstrument2(@GEPIB0:T T IIMNETR)
4 |

. Click Start — Programs — Agilent VEE pro 8.0 Runtime — 1/O Config

. Click “Find Instruments”. (See image above)

. Instrument should appear in the list labeled as “newInstrument”. (See image above)

. Clicking “Properties” opens a new
window (see image to right).
Change "Name” to match the

one from our list on the next page
which matches your analyzer.

. After you've entered the
appropriate name exactly as it is
shown in the list, click "Advanced”
and set the “Instrument Time-Out”
to 15 seconds. Press "OK" and
“SAVE", closing out of both boxes.

Instrument Properties

Marme:
Interface:
Board Mumber:
VISA Alias:
WVISA Address:

[GPIBO:1E:INSTR
(e.g., GRIBO:1 2:IMSTR)

Advanced...

0K | Cancel|

Software Installation & Configuration
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Step 2. VEE Runtime I/O Name Configuration (continued)

A NOTE: Don't see your instrument? Contact us, we may have compatible/custom drivers.

Network Analyzers

HP 8510 series analyzers

HP 8714 series analyzers

HP 8720 series analyzers

HP 8753 series analyzers

HP 8757 Scalar

Advantest R376x Series
Agilent / HP 8530

Agilent 5230A series analyzers
Agilent 5071 series analyzers
Agilent 836x PNA analyzers
Agilent PNA Universal Driver
Agilent Fieldfox N992x
Anritsu Scorpion Analyzers
Anritsu MS20xx VNA

Anritsu MT8860C VNA
Anritsu S820E

Anritsu Lightning Analyzers
Anritsu Vector Star Analyzers

(Vector Star includes MS46121 and the Shockline Series)

Copper Mountain S2VNA
Rohde & Schwarz RS series
Rohde & Schwarz ZVH series
Rohde & Schwarz ZND series

Rohde & Schwarz Planar 304 and 804 series
Rohde & Schwarz Planar S5048 series, TR1300 series

Signal Generators

Agilent 33xxx Series Signal Generator
Agilent 51XX Series Signal Generator
Agilent 9310A Series Signal Generator
Anritsu MG69xx Series Signal Generator
Anritsu MG36xx Series Signal Generator
HP Universal Sig-Gen Driver

HP 836508 Signal Generator

HP 8350 Sweep Generator

HP 8648 Sweep Generator

Quonset QM2010 Synthesizer

Rohde & Schwarz SMP Series

Rohde & Schwarz SML Series

Rohde & Schwarz SMU Series

Spectrum Analyzers
Advantest 32XX Series
Agilent E440x Series
Anritsu MS20xx Series
Anritsu MS26xx Series

“Name” Setting
HP8510
HP8714
HP8720
HP8753
HP8757
ADVR376X
HP8350
N5230A
AT5071
AT8363
AGILENTPNA
N9IXX
MS462X
MS20XX
MT8860C
S820
ML37XX
VSTAR

exempt
RSZVR
RSZVH
RSZND
exempt
exempt

AT33XXX
N51XX

N9310
MG6IXX
MG36XX
HPGENERATOR
HP836
HP8350
HP8648
QM2010
RSSMP

RSSML

RSSMU

ADV32XX

E440X

MS20XX

MS26XX (list continues...)

13
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Anritsu MT82xx and MS27xx Series MS27XX

HP 8565 Series HP8565
Nex 1 NS132 Spectrum Analyzer NS132
Rohde & Schwarz FSL Series RSFSL
Tektronix 271x Spectrum Analyzer TEK271X

Power Meters

Agilent EPM Series AGEPM
Agilent / HP 34401A Multimeter HP34401
Anritsu ML2438A ML2438
Anritsu ML4803A ML4803
Boonton 4530 BN4530
Boonton 52018 exempt
ELVA-1 DPM 10 DPM10
HP 436A Power Meter HP436
HP 437B Power Meter HP437
Keithley K2182 K2182
Telemakus TED8000-40 USB Power Detector TED8000

Copper Mountain / Planar VNA's - Installation

Step 1: Set DAMS to run as administrator
1. Go to C:\Program Files (x86)\Agilent\Vee Pro Runtime folder
2. Right Click on VEERUN.EXE and select properties
3. Click the compatibility tab and enable "RUN AS ADMINISTRATOR”
4. Click OK to save settings

Step 2: Install and Start VNA Software
1. Install the copper Mountain S2 VNA software, IMPORTANT- at the end of the installation be sure
to select the option to install COM libraries!!!
Connect the VNA to the PC, the drivers should load
Right click on the VNA Software icon, select properties, click compatibility tab and place a check
mark in “RUN AS ADMINISTRATOR" then click OK
4. Start the VNA Software, it should load and connect to the VNA

Step 3: Making a Measurement using DAMS Software

1. Configure the VNA for desired start / stop frequency / number of points

2. Start the DAMS Software.

3. From the “Select Instrument” pull-down, select your PLANAR model.

4. Press settings to configure S21 or S12 Measurement.

5. Calibrate system either using VNA or DAMS Software, see chapter on calibration for details and
examples.

6. Press one of the “Measure” buttons, the software should start collecting data and the positioner
should move.

Software Installation & Configuration 14



USB Polarization Switch Installation (DPA-Autopol)

Configuration Instructions for option DPA_Autopol automatic polarization switching using
a USB RF switch.
Step 1: Install USB switch driver and libraries

1. Install MiniCircuits switch software from the mini-circuits support website.

Step 2: Configure DAMS software

1. Start DAMS antenna measurement studio

2. Click the “Pol Settings” button and select MiniCircuits Switch from the pull-down- If an error
occurs you may not have the libraries installed, please be sure that you are using the latest DLL
files, repeat the steps in step 1 with current minicircuits software.

3. Look on the back of your switch module and note the serial number of the unit. Enter the serial
number into the window and press “update and connect” if working properly the switch should
say "Connected”

Step 3: Verification Test

1. From either the settings panel under Pol Setting, or from the main page of the software, pressing
either H or V should cause the switch to change.

2. The change cam be seen by the LED indicator located on the front of the switch changing color,
you will also hear a very slight audible click.

Further information on the Automatic polarization switching and options can be found under
the software overview section of this manual

15 Software Installation & Configuration




Configuring Other DAMS Positioners (D6050, DCP252, ETC.)

Other DAMS Positioner Settings
Detailed positioner setup instructions can be found in the associated manual for the

particular DAMS positioner. For your convenience, we have listed a number of DAMS
Positioner configurations with the Appropriate DAMS Software Settings.

D6050 Series using MC3B / LC4x Series 3 Axis Series Controllers

Azimuth/Horizontal/Roll Elevation/Vertical/Turntable
Motor Resolution :.1125 Motor Resolution :.1125
Gear Ratio: Gear Ratio: 90
Belt Drive: 36 D6050 Checkbox: Selected
Worm Drive: 72 Full Spherical Mount Checkbox: Selected
D6050 Checkbox: Selected Start Speed: 1000
Full Spherical Mount Checkbox: Selected Stop Speed: 8000
Start Speed: 1000 Slope: 8
Stop Speed: 8000 Mini Stepping: ON
Slope: 8 Holding Current: ON

Mini Stepping: ON
Holding Current: ON

D6050 Series using SSXYQE 2 Axis Series Controllers

Elevation/Vertical/Turntable
Motor Resolution : 1.8
Gear Ratio: 190
D6050 Checkbox: Selected
Full Spherical Mount Checkbox: Selected
Start Speed: 250
Stop Speed: 500
Slope: 8
Mini Stepping: ON
Holding Current: ON

Azimuth/Horizontal/Roll
Motor Resolution : 1.8
Gear Ratio: 144
D6050 Checkbox: Selected
Full Spherical Mount Checkbox: Selected
Start Speed: 250
Stop Speed: 500
Slope: 8
Mini Stepping: ON
Holding Current: ON

Software Installation & Configuration 16



Configuring a 3rd party positioner (Sunol, Frankonia, M2, Etc)

Sunol ELAZ2B

The Sunol ELAZ2B is a 2-axis positioner with a resolution of 28,800 steps per revolution
for both Azimuth and Elevation, it is configured by performing the following steps:

1. Start the DAMS Software and press “Positioner Settings”
2. Under “Select Controller” select 3rd Party
3. Click the Third Party pull-down and select Sunol ELAZ2B

4. Manually enter the COM port of the positioner (this can be found in device
manager under PORTS COM&LPT

5. For "Motor Resolution” enter .1125" and a gear ratio of 9 for both Azimuth and
Elevation Axis

6. Press “SAVE" then select “restart with default extents”

Use the image below for reference:

Motor and Control Settings
Select Controller Auto-Find Status
Third Party
[~ Manually Position Antenna Seler:.t Port
DDI".M

Motor Driver
Iunivers al j

AZ Motor Res. EL
j0.1125 |n.1125

AL Gear Ratio EL

Other Controller
ISUNDL ELAZZB

Move or Measure

4 Mowve & Measure
< Measure but Don't mowve

[~ Reverse Rotation

[~ Full Spherical Mount
[~ FSM Conical Elevation| Don't use with x100

17 Software Installation & Configuration



Sunol ELAZ-75 / SC110V GPIB Controller

The Sunol SC100V controller has up to 3 channels which all are have independent GPIB addresses.
The DAMS software can use up to 2 of these channels (AZ / EL)

GPIB Configuration
1. Verify each axis of the controller is configured for a specific GPIB address and properly configured
for the positioner, is attached to that axis and the gpib adapter is connected to the controller.

Note which one is AZ and which one is EL.

2. On the computer, open the Agilent/Keysight Connection Expert, the connection expert should
show all of the controllers as active. Once verifying, close the connection expert.

3. Open Start — Programs — Agilent VEE Pro Runtime — I/O Configuration.
4. Press "FIND" it should ask to send an IDN request to each axis.

5. Once the controllers are found they will have a name like “newinstrumentX” you must change the
names to SC110VCH1 and SC100VCH2.

6. Press the SAVE button then close the I/O Configuration.

|| Instrument Manager

Instrument Properties

Name: [SC110VCH1
Interface: iGPTB

e
=, GPIB14 (Legacy)
@ newlnstrument8(@1416)

@ newlinstrument(@1417)

[i

&= GPIB7 (Legacy) |
-l HP8753he8722es@716) [GPIBD::2:INSTR

B~ TCPIPO

-@% AT5071(@TCPIP0::169.254.52.255:inst0:INST ad | I
- {@f MS20XX(@TCPIPD::169.254.162.180::9001::5C

- newlnstrument4(@TCPIP0::10.70.24.11:inst0::I!

@7 VSTAR1(anms46522a@TCPIP0:-127.0.0.1:-500 _ ok | [conce |
-, TCPIP1

< >
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Sunol SC110V GPIB Controller (continued)
DAMS Configuration

Start the DAMS Software and open “Positioner Settings”
From Select controller choose “Third Party”
From the “Other positioner” setting choose “SUNOL SC110V”

Press the settings button and assign the proper channels to axis or set as disabled.

vio ok wNnoe

Press “Update” then SAVE and restart the DAMS Software.

Motor and Control Settings

Select Controller
Third Party >

T
coms ___~|
Motor Driver
Iuniversal j
AZ MotorRes. EL |
1 1
AZ GearRatio EL |
110 10

Ultra High Res Option
[off

[ Reverse Rotation

[~ Full Spherical Mount
LI [~ FSM Conical Elevation| Dontuse with x100
x100 Positioner Settings

D
|5100 _| SC110V Controller Settings
u

For spherical measurements using both a turntable and roll positioner: Configure Azimuth
as the roll positioner channnel and Elevation as the turntable channel.

For single positioner operation: set all other axis to "DISABLED"

Axis Configuration
Elevation Axis
[DisaBLED -]

Azimuth Settings

Elevation Settings
[~ Elevation Reverse Direction

Azimuth Axis
ICHANNEU ;I

[~ Azimuth Reverse Direction

Use QUIT or save button on main screen to exit and permanently save settings

Software restart required if changing axis assignment
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INNCO C03000 Controller
(with CP1500 Arch Scanner and CTE500 Compact turntable)

The INNCO CO3000 controller is a multi-axis controller. Currently the DAMS supports this controller
using a CTE5000 compact turntable for azimuth and CP15000 dual-carriage positioner for elevation.

We recommend this positioner be operated using GPIB. Before configuring the positioner within the
DAMS, it must first be added to Agilent VEE Pro Runtime I/O configuration.

Adding GPIB Device to I/O Configuration

1. Click Start - Programs — Agilent VEE Pro Runtime 1/O Configuration — I/O Config
2. Press "FIND", it should find the controller

3. Right click on the controller and select properties, change the name from “new instrument” to
INNCOC3000

4. Press the “Save” button and then select the blue disk icon to save the configuration.
Configuring DAMS software to use the INNCO Controller

Start the DAMS software and press “Positioner Settings”
Under “Select Controller”, select 3rd Party (see pic below for reference)
Click the Third Party pull-down and select INNCO C03000

For “Motor Resolution” enter 1" and a gear ratio of 10 for both azimuth and elevation axes.

i A W

Press the SETTING button located under where you selected the controller and see the settings
on the following page.

Motor and Control Settings

Select Controller Auto-Find Status

Third Party -

[~ Manually Position Antenna Select Port Find
COM4 = |
Matar Diriver
Iuniversal j
AZ MotorRes. EL |
[1 11

AZ GearRatio EL |
[10 [10

Ultra High Res Option
Jof -]

Maove or Measure

4 Move & Measure

[~ Reverse Rotation

[~ Full Spherical Mount

™ FSM Conical Ele'u'atinn| Dont use with x100
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INNCO C03000 Controller - Axis Configuration

Standard configuration is 3 axes; one turntable and two arc positioners. Please see the
default configuration below. A special mode is available to make use of an INNCO mast
to automatically adjust height, angle and polarization. Detailed explanations of the various
positioning modes for this positioner can be provided upon request.

INNCO CO3000 Positioner Settings

This driver is designed for the CO3000 Positioner Controller with CT03500 Turntable and CP1500 dual carriage arc positioner
Elevation 1 is used as primary for Monotstatic RCS and general antenna measurements,

Elevation 2 will remain at a parked position of 96.2 degrees unless disabled or used in a Bistatic configuration which it will become
freely positionable

[~ EL Disable

Turntable Mame Elevation 1 Mame
f11 |Ds1

[ Mast EL Mode

¥ EL 2 Disable

Position Mode

< Monostatic (S511)
< Pseudo-Monostatic (321)

[+ MastAuto Height < BiStatic

l [~ 0to-180 Elevation

Mast Mame
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Special Installation Notes

Power Saving Options

Be sure to disable screen sleepers, power saving features and other applications, which
may cause a .DLL or GPIB to crash.

Other Running Applications

The DAMS Software requires a large amount of CPU and system resources. We advise
not having any other applications running while the DAMS Software is in operation.

Reporting Bugs

During especially complex and/or untested scenarios, a software failure may occur. If
you encounter such a scenario, please do not hesitate to let us know. We will happily
address your problem and may offer you a hot fix to quickly resolve your issue.
Reporting bugs greatly helps us improve all aspects of our systems. Please report any
errors or questions about the software operation to Support@DiamondEng.net.

Tripod Compatibility Information

The DAMS system has been designed so that it will operate with nearly any tripod. x000 Series,
which uses a linear actuator, require a slightly more specific tripod with a pivoting head and a neck
diameter of about one inch. When purchasing a new tripod, ensure all parts from the current system
fit onto the new tripod free of angle or clearance problems. Once you are ready to configure the
software please follow the instructions below for calibrating the vertical axis. If you're unsure if a
prospective tripod would be compatible, feel free to contact us and we would be happy to assist.

Matlab Plotting with Windows 7/8 - 64 Bit

When using the DAMS software under 64-bit versions of Windows 7, you must follow the
instructions below or the software will show a “could not start matlab engine” error code.

Open C:\Program Files\Agilent\Vee Pro Runtime\ (might be Program files(x86))
Right click on veerun.exe and select “Properties”

Click the compatibility tab and select “Run as Administrator”

1

2

3

4. Click OK and restart our software.
5 Plot a 3D file, it should plot OK.

6

If 3D plotting works ok, go back and de-select “Run as administrator”
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Antenna Measurement Studio Software Overview

Pro License
SYSTEM OPTIONS | ~||

Select VNA or Source |

|\|"NA EMULATOR

Select Receiver
|Se|ed.F{eceiver

] souns |
F| cALSYSTEM | Sealar Cai OFF |
| CalPAD(gB)=| 0 PM Cal OFF |

I~ H+V Using Nl'PSeuingé
AZ Extents

Az Start 0
Az Stop 360
Az Resolution 10

Configure Extents

Azimuth Jog delta
Jog Left ~ dog- Jogs
2___~J2___~I] ~lls__ -]

Azlogto 45 | 0 -

Elevation Jog delta |

Jog Right Jog -

MOVE TO DIRECT POSITION || ZERO POSITIONER

o [{o)] Version 5.829212 7-31-2015 |l Save Settings Q Diamond Engineering
2 Automated Measurement Systems
Positioner Movement |
| Configured Pasitioner |
|| measure azmur cur | scanzel |/ wbmm|ﬂ [

|| measure sLevaioncut | ResetaLLinitPos ||| | Automated Functions | <]

PAUSE MEASUREMENT | |
Positioner Seffings |
| STATUS | Oh:0m:0s Remaining Continuous Vertical Calibration
Measurement Comp - Proceed to Data Processing
This page is collection only - after making

StartFreq | StopFreq | No. Points | @ | ElPos. | measurements, proceed (o data processing

16 26 51 0 0 to work with your measured data.

2 Press any 7 for help.

Center Frequency Amplitude | Polar Preview H Ideal Dipole

1G Hz | Menitor Plot Options|
~ 45

N\

=

$21 Averaging

4 <S21(f)> OFF |
£ <S21(f)= ON

#Avg's |1

4 UseAlL
& ALL-Min/Max

EL Progress

Cisplay Settings

Meas. Del
o * J
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Instrument Selection & Settings

Configuration Versatility

A NOTE: For most network analyzers the settings are all made on the analyze
front panel.

You can choose from multiple combinations of instruments such as a signal generator
and a power meter, or a signal generator and a spectrum analyzer.

select VA or Source |
[ra EMULATOR ~|| Settings
Select Heceiver |

| || Settings
Cal System Scaelar OFF
CalPAD{dBE)=| O FMCAL OFF
Az Extents
A7 Start 0

VNA Settings (available for certain VNA models)

A NOTE: Start frequency, stop frequency and number of points are always set on the analyzer

S-Parameter This is the primary parameter that will be measured, usually S21 or S22 is
selected
Alternate Parameter This option will collect an alternate S-Parameter such as S22

(Reflection) Single Cut - This will only collect alternate parameter data on
the First azimuth cut

Analyzer Display S-Param ¥ Alternate Parameter

< polar 4 521

< smith < 512

4 logmag < 511

ather 522
< < ¥ Single Cut
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Source Instrument Settings (Generator, or Receive Only)
A NOTE: These settings also apply for the RECEIVE ONLY instrument.

Start / Stop Frequency: Enter the frequency in GHz (decimals are acceptable).
Example: 450Mhz = 0.45

Number of points: Similar to a VNA configuration you may choose the number
of frequency points for the sweep, click the “Freq Increments”
window to display the calculated Frequency Step.

Output Power: Sets the output power of the Signal Generator. Format is dBm.

Start Frequency (GHz)
Stop Frequency (GHz)

Number of Points |3

Receive Instrument Settings

Trigger Mode Changes how the power meter reads the sensor. This setting is only applied to
certain meters.

Trigger Delay Sets the delay / settling time between when the signal generator is called
and the power meter is queried for a reading. Format is in seconds.
(Example: 1/10 second = 0.10)

Sweep Delay This sets the number of seconds the signal generator will wait before initiating
the sweep. This allows larger antennas a chance to completely stop moving.

-—== Power Meter Settings ==--
Use the Settings below to conficure the parameters for

your GPIE Spectrum Analyzer, Press the Save/ ipply button
to continue.

Trigger Mode  JgF=

< Free Run read

Trigger Delay [T
sweep Delay NN
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Receive Instrument (Spectrum Analyzer Settings)

-Sweep Settings- -Max Hold Setings- -Display Settings-

pan (Hz) i (ol lolill | hiax Hold Refstio: Loved (DB}
Resolution BW (Hz) Measure Delay (Sec.) m _I

DB/Div.

Video BW (Hz) -Triggering Options- @

Sequence Delay(Sec.) E
-Video Averaging-
Average count (Type OFF to dizable) Rx Delay (Sec.) [

e el

Sweep Settings

Span Span of spectrum analyzer sweep. Format is in Hz.

Res Bandwidth Sets bandwidth window on spectrum analyzer
(the smaller the window, the faster the sweep).
Format is in GHz.

Video Bandwidth Sets video bandwidth window on spectrum
analyzer.

Video Averaging

Average Count Sets number of times spectrum analyzer will
average the Video BW before the data is read.

Max Hold Settings

Max Hold On/Off Turns the Max Hold option on or off.

Measure Delay Sets how long the spectrum analyzer sweeps and
updates the max hold before sending data to the
software. This function is useful for non-CW signals.

Display Settings
Reference Level  Sets the reference level of the spectrum analyzer
display. (Settings in DB)
dB/Div Sets the “dB per division” scale on spectrum
analyzer display.
Triggering Options
Sequence Delay  Sets the delay time between when the platform

starts and the measurement sequence is started

RX Delay Sets the delay time between the time the signal
generator is called and the spectrum analyzer is
triggered to sweep.
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VNA Emulator / Antenna Library

Antenna Simulation Library

This feature is accessed by selecting “VNA Emulator” from the instrument
pull-down. Select the type of antenna you would like to generate and enter
the desired start, stop frequencies and number of frequency points. Patterns
will be generated by using the “measure” buttons on the front panel of the
software, it is advisable to disable motor movement to reduce time.

Antenna Library
Reference Antenna Simulations - " " :
= Antenna Simulation Library
These are standard antennas which may be
used for creating reference antennas. |D|pg\e arbitrary length and radius j

1 Dipole arbitrary length and radius LongWave Dipole
Uses numerical integraticn (runs slow)

m

_ 120 cos(xd cos(#) cos(d). ; Enter Dipole Length (in} and Radius(in)
G=—(————)
Rr sin( 8)

2 Crientation
1 7 (cos(xd cos(F)) —cos(x)" 5 L 7
oo 2_7[ T Y Apply

Limitations
L=k

£
,1<; <1000 Al

B <81

2 Ideal Dipole (Computes fast) ~ -
Quarter Wave at every frequency g i
3. Pacch Antenna (Simple) - T, ,r"/
L r= o —
Start Freq. (Hz) -

NOTE: jzoom

For Single Frequency enter Stop Freq. (Hz)

Start(Hz)top(Hz) S

No. Points = 1

No. Points [ Alternate Parameter Done Cancel
I single Cut
I~ Frequency List Enabled i
q cy PWNF'HIH"?SI [ Include Multipath (Arb. Beam only) Multipath Simulator - units Inch
[ Frequency list | PSRN
3 ey
”Eample J| 57
— . TiBdeq) g2 Ll d3
Edit List MNew List SRl | ik +haimath
di 1 Peltp’ +3pcosait) ]
f e

d'+d" -4

Crossection ook angle © = ccs™
¢ 2dd,

Ideal 1/4 wave Dipole - Generates an ideal dipole pattern for every frequency

Dipole Arbitrary Length / Radius - Generates frequency accurate dipole patterns
based on the entered dimensions.

Patch Antenna - Enter the size of the patch and air-gap to generate pattern. Pattern
can also be peaked to any desired AZ/EL position

Axial Helix - Generates pattern based off entered helix properties

Arbitrary Beam- Generates an ideal beam at a desired angle, Gain is dependent on
beamwidth

Ideal Parabolic Dish - Enter dish diameter and desired peak AZ/EL position for frequency accurate
pattern.
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Movement Settings & Position Extents

Azimuth extents setup

Configure Extents

Azimuth Extents

Az Start 0
Az Stop 360

Az Res (deg. meas)

O

< -18011890 (Beam cut)
% 073260 (Full Cup

I™ lock sliders for bearnscan

Azimuth Start

Azimuth Stop

0 =
360 200 200 100 DI 1]

i

360 =
100 200 300 380

/1

Degrees Per Measurement

Show Hig Res Values

Azimuth Start Value
Azimuth Stop Value

Degrees Per Measurement
Beam Cut / Full Cut
Run as Z Axis

Lock Sliders

Displays current degrees per measurement based off of the
current extent settings for this axis.

Calcualtes high resolution step values (having this enabled will
Cause high refresh times to display resolutions)

Selects starting position of measurement.

Selects stop position of measurement.

Contains all possible degrees per measurement setting
combinations for selected total rotation and selected positioner.

Enables measuring from a negative angle to a positive angle,
versus 0-360 for the full cut option.

When selected, instead of moving the rotary stage, it will step the
z axis , when running in this mode , degrees is equivalent to mm

Locks the two sliders in beam scan mode offering mirrored
extents from 0 degrees.
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Elevation Setup

Elevation Extents

EL Extents

El Start -45

El Stop 45

10

El Res. (deg. meas)

-

El Stop

45

=
L=

aoa
B0
40 7
0 EL Range
o 4 -50/+90
El Start < nnso
-

v Lock Sliders

na
-30 5
0
-70

-30

Degrees Per Measurement

Show High Res Values

Azimuth Start Value
Azimuth Stop Value

Degrees Per Measurement

Beam Cut / Full Cut

Run as Z-Axis

Lock Sliders

Jog Settings and Control

Displays current degrees per measurement based off of the
current extent settings for this axis.

Calculates high resolution step values (having this enabled will
Cause high refresh times to display resolutions)

Selects starting position of measurement.

Selects stop position of measurement.

Contains all possible degrees per measurement setting
combinations for selected total rotation and selected positioner.

Enables measuring from a negative angle to a positive angle,
versus 0-360 for the full cut option.

When selected, instead of moving the rotary stage, it will step the
Z-axis , when running in this mode , degrees is equivalent to mm

Locks the two sliders in beam scan mode offering mirrored
extents from 0 degrees.

Azimuth Jog delta Elevation Jog delta
Jog Left | Jog Right Jog - Jog + |
15 ~|15 | s =ll1s -]
Az Jogto (|0 ~| |[ElJogta ||o -
MOVE TO DIRECT POSITION | FERD POSITIOHNER

Jog Delta

Moves the selected axis relative to current position, move is completed

immediately after selection

Jog To

Moves selected axis to absolute position, move is completed immediately

after selection

Move to Direct Position

Zero Positioner

Moves to the specified AZ/EL Position

Sets current position as 0,0
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Position Tracking

A position tracking function is provided to reduce the chances of having to re-zero the
positioner upon software restart or positioner power loss. This feature is used for any
of our positioners without absolute feedback (such as a resolver or encoder) and can
be enabled under positioner settings. This function works by writing to a file each time
the positioner is moved - both the position and an internal count from the positioner is
written. When the software is restarted, it will compare the stored count to the current
controller count to validate the stored position.

This screen shown at software startup, GREEN windows indicate matching count
values. Displayed position is accurate unless it has been physically forced off of stored
position. RED windows indicate that there is a count discrepancy. If the positioner has
been power cycled but NOT moved it is generally safe to update to stored position.

FPosition Tracking

The values listed below are the last recorded positions for all software
axis' if the positioner has not been moved since, press UPDATE ALL to
set software to stored values

Controller not read! --- Couldn't open port !

Stored vs Current Count | | Stored Position |

Stored X axis count | RO Azimuth
Current ¥ axis count 360 UF*DATEl

) Elevation
storea Y axis count OIS UPDATE
: ' 0
Current Y axis count

H

Storsd Z s court. I
Current 2 ats court ORI

UPDATE

i

Stored Count Last controller count stored to a file

Current Count Current count read from controller

Stored Position The last store position for that axis

Update ALL Sets current position as stored position for all axes

Update Updates individual axis position to stored value

Do not update Ignores saved positions and starts software with 0 values for all axes
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Positioner Settings

Platform Settings and Calibration

These settings allow you to tailor the software for your specific configuration needs.
You can specify the speed, controller type gear ratio, controller driver, acceleration,
deceleration and hold settings on the newer Platform Controllers. When choosing “Low
Gear” option, the default motor speed will automatically change to the default value.

Motor and Control Setlings

Select Confroller | Auto-Find Status ? | USB Horizontal - Speed and Acceleration Settings
ci00serss <]

= Other Controller
[ Manually Position Antenna Select Port SUNOL_ELAZ2B =
S ove g
Motor Driver SA2012 Settings
universal - Galil Settings || ELAZ2B Settings

Heriz Helding Current
AZ Motor Res. EL | Maove or Measure Az Dwell I J
on -
I1_g |1 3 < Move & Measure IU

< Measure but Don't move

AZ GearRatio EL | I Mini Stepping

o A s USB Vertical - Speed and Acceleration Settings
IO'T :l' [~ FSM Caonical Elevation | Don't use with x100 Begin Speed
pliRiEoslione r¢Sefiings Select FSM Port
Selectx100 Model [~ Vert Disable ICDMB YI

[x250

- . VWARNING: Do NOT turn on unless
I™ %100 Pan Correction | you recieved your DAMS System
--SPEED- after 6/05

AZIMUTH
1 = = & o = Vert Holding Current —
T o g
o [ T e

Settings For All Models

Select Controller - Choose between USB and and x100 series controller models. See
“Controller Setup & USB Driver Installation” for help identifying your controller.

Move/Measure on/off - Allows you to turn the motors off while running the software
as if the motors were connected to the system.

Full Spherical Mount - Check this box if you are using FSM Series mounts.

Settings Applicable to x000 Series
Motor Resolution - Specifies resolution of stepper motor installed on platform. This
number is .1125 for microstepping controllers and 1.8 for legacy controllers
Gear Ratio - The entire gear ratio between the motor and the rotating platform
hub. For DAMS x000 Belt series positioners this value is usually 14.4 unless instructed
otherwise
FSM Conical Elevation
When using the FSM mount you have the option to measure a -180 to 180 degree elevation cut
instead of the standard -90 to +90 cut do NOT use with Scan Az/El
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Motor Hold Option

We recommend using the motor hold option on the HORIZONTAL axis to ensure the platform does
not move on it's own between movement sequences. Vertical hold should only be enabled when
using a heavy load which causes the lead screw to move on it's own.

Move Buttons
After changing the acceleration setting, these buttons allow for testing.

Start Speed
Sets the number of steps per second the motor will start/stop
moving at.

End Speed
Maximum number of steps per second motor will move.

Slope
Sets the acceleration/deceleration ramp by setting time between motor start speed and maximum
end speed. 0 will disable acceleration while 1 will offer the slowest acceleration and deceleration.

Settings Applicable to x100 and x250 Series

x100 Model
Choose your model if using a x100 or x250 series heavy duty positioner.

x100 Pan Correction
Special 6100 pan correction. Use only if instructed to do so.

x100 FSM Port
If using a x100 series +FSM positioner, select port for controller.

x100 Speed Settings
Applies to x100 models only, use the GET button to read the current speed setting and the SET
buttons to send the settings to the positioner.

Motor Resolution
For x100 and x250 series, this value should be 1 (if using FSM mount this number should be 1.8 for
the azimuth axis.

Gear Ratio
For 6100,7100, and X250 systems this number is 10 for 5100 models this number is 25, if using FSM
Mount the value should be 14.4

Vert Disable
This option will disable the vertical movement on the positioner for all move and reset commands.
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Vertical Calibration Settings

x000 Series Vertical/Tilt Settings

A NOTE: Applies to x000 series actuator based vertical/elevation movement only.

These settings will configure the tilt/elevation axis calibration. The design of the
vertical axis requires a number of calibration contents that are sometimes specific to

a particular unit. Your unit will have a sticker that has all of the parameters either on
the control box or the platform itself. If your sticker only has 2 numbers ex. 2083/3.99,
these are the values in the GREEN section of the calibration menu and you do NOT
need to change any of the numbers in the RED section. Simply enter your numbers in
the windows and press save then use the "QUIT" button in the software and restart the
software to activate the changes.

MOTE: All Seftings take effectimmediatly butwill be sawed when the QUIT button is Pressed on the Main Page

Maotar Resaolution Pushrod to center distance
2083 3.88

Read This

WAENING
Dz HOT Change these settings unless
you have been directed to do so by
Diamend Engineering
Failure to follom this warming may cause
Damage +o the Unit.

Yo distance Tripod to push rod axis
4 178
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Polarization Configuration

Selecting and configuring a polarization device

For instructions on using the polarization feature see "Polarization Switching” under "making
measurements”

The DAMS software is capable of switching measurement polarization using Manual, Electronic, or
rotary switching methods. Polarization Settings can be accessed from the settings button located
under the polarization heading on the front page of the software.

Configuring a Mini-Circuits USB Switch

1. Install the Mini-Circuits software onto the PC before configuring the DAMS software to use the
switch.

2. Inside of the polarization settings, choose the Mini-Circuits selection from the pull-down menu
and press settings to open the dialog box below.

MiniCircuits Settings
Mini Circuits Switch Settings
Dizconnected

Serial no. |
1500000000000 Update and Connect

Manual Switch Contral

o |

3. Enter the serial number of your switch (found on the back or bottom of the unit) and press
"Update and Connect”. The status should now say connected and you should be able to
manually change the switch position. Press OK to save your settings.
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Configuring a rotary polarization stage

As of the writing of this manual, systems equipped with a 3-axes controller can use the Z-axis
channel to control a rotary positioner stage. Technically, any stepper motor controlled stage
can be used if the gear ratio and motor resolution is known.

Rotary Polarizer Settings

“ Position
o [ | :

LIpdate Settings

[~ Reverse Direction
v MiniMicro Step ™ Mirror Mode

Enter the above values just as you would in positioner settings screen. For more information,
please view the "Positioner Settings” section.
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Using the Z-Axis

(Applies to D6050 and all other models with Z-Axis option)

Before you use the Z-axis option, you ensure it has been enabled. This will show as an option for “Z Axis
Control” located above the measure buttons. To enable this option, open positioner settings and select
Z-Axis checkbox on the upper section of the page (see red box highlights below).

ftwar

7-17-2018 Save Seftings

Diamond Engineering

|Molor and Control Settings

Auto-Find Status

Select Controller |
USBISERIAL |

-

Positioner Settings

Continuous

unjyersal

Maotor Driver

IMove or Measure

? I J¥ z axis enable

I microstep

Aux Controller

Other Controller

|SUNDL_SC1 o

To access the Z-axis motor control screen, select the Z Axis Control button on the main screen (see yellow
box highlight above). This will open the following control options.

| Soft Limits |

Z Axis Motor Control

For use with DE050 Positioners or 5100 Stages

| ZMin Z Max

| 100 100

Current Position (mm)

0 Set Zero |

B

Steps Traveled

Delta Move {(mm)

50

Distance Traveled (mm)

Move to 0 (home) |

Move to Position (mm)

P —

Z Axis Motor Control

Move to 0 (Home)
Delta Move +
Delta Move -

Soft Limits

Current Position
Set Zero
Steps Traveled

Distance Traveled

Moves the axis to the last position set as 0

Moves entered distance from current away from turntable center

Move entered distance from current position towards turntable center

Values are in mm. To find your soft limits, zero the positioner along the Z-axis,
then measure from each side of the ball nut to the limit switch. Click “SET" and

input these values.

Displays the current position

Offers options for zeroing the axis (see next page)

Shows the real number of steps the axis was commanded to move

Shows the distance the z-axis moved during last move
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DE050 Z Zero

Set Zero Set current position to 0 for £ Axis

Set Zero, Rec. Offset ] Use after sefting 7 Axis to 0 from a limit switch - saves offsetvalue

D6050 Z Axis Zeroing

Use this after jogging the Z axis to vour desired 0 position. The
DAMS software Z Axisposition will be updated to 0 If the home
switch was tripped before zeroing the offset value can be
permanently saved for easier zeroing on startup.

Search / Maove to Zero ] Search for Z home and mave to saved home offset

Z Axis Motor Control

Set Zero

Sets software position to zero

Set Zero, record offset  Sets current position to 0, records step offset value (if available to use to re-zero the

positioner

Search, Move to zero Moves the axis unitil the home limit is struck, from here the positioner can be moved back
to

a stored zero position.

Software Overview

38



Z-Axis Homing and Limit Switches

Applies to mmW models and other models with Z-Axis that feature home and or limit switches

The limit switches serve two purposes, to prevent over-travel of the axis and to provide a known reference
position for purposes of zeroing. Once the known position has been reached the internal controller count
can be the monitored. The axis does not contain an encoder, so if the power to the controller is reset, the
software is restarted, or the axis is manually moved, the software cannot track it's position. In these cases
it's necessary to either use a stored offset or create a new offset. The default stored offset is roughly at the
center of the ball screw.

Manual Jogging and Soft Limits

1. Press “"Zero Positioner”
Azimuth Jog delta | Elevation Jog delta |

2. Select "Search / move to zero” Jogleft  Jog Right Jog- Jog +

The positioner will move up to 370 degrees |30 ~ |5 M| [E -||[s -|
clockwise to find the limit switch. When Az Jog to |,:, v| El Jogto
the switch has been found, use the “Stored
position” option to have the software move
the turntable to the physical 0 location.

MOVE TO MRECT POSITION § ZERO POSITIONER

Creating a new zero offset

An offset can ONLY be stored once either the Home or Max limit switch has been struck once
during the software session.

1. Open Z Axis Control and press "Set Zero”

2. If the home limit switch has not been struck press “search for home”. The positioner will
move to home.

3. Select “move to standard offset” this will move the Z axis to the general center or zero
position of the axis.

4. Using the Move +/- buttons or the "Move to” button, find the position you want to set as zero.

5. Open the “set zero” option and press Set Zero/Record offset, this will record the proper
motor step count from the home switch location.

6. The software Z position is now set to zero and all movements will be relative.
Using a stored offset

1. Open Z Axis Control and press “Set Zero”
2. Select "Search / Move to zero”

3. The positioner will move to the home switch and stop. When prompted, select “move to
stored offset” which will move the Z axis to the position last stored using the Z axis zeroing
function. The software position is reset to zero and all movements are relative.
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Measurement Calibration Settings

Scalar Calibration - For cabling and / or substitution

This feature enables you to make a scalar cable or substitution calibration of your system by
normalizing any system gains or losses to 0dB. If a calibrated reference antenna with data is
connected in place of DUT, the entire link (including path loss) can be normalized to the calibrated
antenna values.

An in depth explanation and example is located in “System Calibration”.

A NOTE: If using a power meter with non-programmed sensor, you MUST load or enter a
power sensor calibration table before performing a scalar calibration.

“7J= =/ scalar Calibration =1

SCALAR SYSTEM CALIBRATION -
Read This Or Your Measurements May Be Inaccurate B

The Scalar calibration proceedure removes the system loss. It can be used for any instrument | = Load Cal File
combination. Because itis scalar you should be sure your system components are well

matched. The proceedure generates a 521 data array “

APPLY REFERENCE- Performs a substitution based scalar calibration of the entire
measurementlink including all cables, losses, path loss, and any amplifiers in the system, the
gain of the source antenna is not required. Place a known reference antenna (data file required)
in place of the DUT, perform both sides of the scalar calibration then Press "Apply Horn", if
Iealinration is annliad to measurameant all measuraments will ha in direct dBi with no nost-

System Calibration

Save Cal

—| Freg Start(GHz) | —| Source Power(dBM) |

Average Count 1
| o
Power Head Cal

When using amplifier ~| No.F Points Refer |
EnterPad(<8) |0 | I Autolnterpolation
225 T TTTTTTTT TT[TTIT 1T
Show Diagram For [standard cable catibration -] . E 1
085 E ]
Posi JAUT 22
piosmeievs | SCALAR CALIBRATION P Vo ; ]
f 215 .
Connect Reference Antenna Cable lo lop of Positionar [ %= r 3
e T F ]
4 o 2 E ]
[ (@8) F 1
I WNA T ENAJ PNA —&— 205 |
ToRx E 1
......... 2 -
N . goom ‘200M 1G 1.1G 1.2G6
Frequency(MHz)
insirument Configurations
Load Cal Load a calibration file from your computer
Save Cal Save a calibration file on your computer

Begin Calibration Triggers a single cable / link measurement from analyzer / equipment

Apply Reference  Substitution-style calibration with calibrated reference in place of DUT
performed after measuring link

Averaging In cases of large amounts of background noise you may want to average the
calibration measurements

Interpolation If measurement settings are within the frequency range of the calibration but
the number of points vary the software will linear interpolate the calibration.

Pad (-dB) If using a post amp with attenuator, enter the attenuator value in this window.

Power Head Cal This button invokes the power sensor calibration menu.
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Power Sensor Calibration

The Power Head / Sensor calibration menu is located in the Scalar Calibration section.

Power Head Calibration

Power Head Calibration table -~

FTou can create or recreate a calibration table for power
neter based measurements. For marmal entry use the Enter
button below. [heh cowplete use the Compile Array. This B
sets the table into memory. The DAMs will use linear
interpolation. It iz only necessary to enter the data in
acending frecquency order. EE SURE ToO USE % ENTEY b

100
CalFactor
ag
95
ad
o az
Enter Frequency{GHZ)
Test
16 an
Calculated CF -
Exit | ] 4 2 12 1618
Freguency
Enter PM Cal Factors Allows entry of calibration table directly to check

Compile Array

Load Cal

compatibly.

Compile the manually entered Cal-Factors and display on
chart.

Load a calibration file from your computer.

Load from Notepad File Load a file containing a Cal-Factor lookup table.

Sample Notepad File Shows how a Cal-Factor Notepad file needs to look

Test

Enter a frequency within the value of the Cal-Factor table,
you will see the corresponding exact Cal-Factor in the
“Calculated CF” window.
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Measurement Controls

Control Overview

7 MEASURE AZIMUTH CUT SCAN AZEl

2 | MEASURE ELEVATION CUT Feset ALL Init Fos |

Measure Azimuth Cut  Software will begin making measurements by moving the azimuth
axis, and retrieving the data from the instrument. Button
remains grayed out while measurement is in progress.

Measure Elevation Cut  Software will begin making measurements by moving the platform
horizontally, and retrieving the data from the network analyzer.
Button will remain grayed out while measurement is in progress.

Scan AzEl Software will begin what is called an "Az/El Scan” by making a complete
Azimuth cut and then move to the next elevation position to
make another complete horizontal sweep. This process will continue
until the platform reaches the ending elevation position.

Reset All-Init Pos This button must be pressed before making another measurement if you
have already made one. Button will clear all plots on the front page and
reset everything to 0.

Pause Measurement Will pause and interrupt the measurement process after the positioner
has moved, before the signal is measured.

Stop Measurement Stops the measurement at the next point in the measurement cycle.
After the measurement has stopped, you may reset the positioner/plots
and start over or change settings.

521 Averading

S$21 Averaging Turning this feature on will perform averaging on a & «S21(f)= OFF
specified number of VNA Sweeps for each physical < =321(f)= ON
measurement position. The All-Min/Max option

. P . / P #Avm's |1
discards max and min sweeps and average the rest.
@ Uze ALL
< ALL-Minmdax

Proceed to Data Processing

After making measurements, this button allows you to view or
manipulate any aspect of the measurement, as well as allowing Proceed to Data Processing

you to view data in different formats such as Polar, Mag or 3D.
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Measurement Status & Displays

Measurement Status Window

The measurement status window displays all of the current measurement parameters
and will update automatically during the measurement process.

STATUS |

2] Data Read |
AZ Pos, | | El Fos. |

StartFreq | Stop Freg | Mo. Paints |

Graphical Status Display

The graphical status windows allows you to view the real-time center frequency data as
it's captured. All status graphs display the center measurement frequency - especially
useful for observing the measurement for proper pattern and levels.

Center Frequency Amplitude / Polar Preview ldeal Dipole 1G Hz | Monitor Plot Options

135

180 &+

AZ Progress '
=
521 Averaging ‘\H
4 =521(f)= OFF ’
< =521(fy= ON
EL Frogress #Avg's |1
< UseALL 225
4 ALL-Min/Max
\eas. Delay Display Settings
0
CW Monitor Plot Amplitude in dB of the measured data
Antenna Polar Radiation Pattern Real-time linear polar pattern of measured
antenna at selected frequency
AZ Progress Shows progress of selected azimuth extents
EL Progress Shows progress of selected elevation extents
$21 Averaging (f) Turns frequency averaging on/off
# Averages Sets number of sweep averages
All - min/max Averages without min/max values
Meas Delay Delay in seconds before measuring
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Monitor Plot Options

The monitor plot option can be used to select the frequency of the data displayed on
the main measurement page. This will normally default to the first frequency or center
frequency of the measurement.

In addition, the monitor plot options can be used to view real-time link or gain data.

Measurement Monitor Options

Measurement Monitor Plots
This module will enable vou to change the measurement display ampliude plot to any
frequency or display the link gainloss or AUT gain. A realtime plot can be used to observe |=
the gain over frequency contimuesly. Some button response is delayed by gpib. The hour
glass apears when the system is busy. In link mode the plot represents a virtual scalar
analyizer. The default is "Display Entire Link data".

i TR, NN JUNPU IR  SOPRRURPRR LI [N, B SRR PN [P SRR, | S B

Realtime AUT Gain Frequency Plot

Exit
Realtime Gain Freguency
IQU 20
Plot Max
Select Frequency 10
1G = o
00—
-10
-20
F number Gain(dB) _,,
-40
Fs0
PlotMin 5
1G 1.2G 1.4G 1.6G 1.8G 2G
Kee
0- _pl Frequency
* 501G y.-15.16
® 5.021G y.-15.16
x 0 y: 0
Select Frequency Selects the frequency which will be displayed on the
measurement page plots
Display Link Data Continuously queries the over-frequency link data from the

VNA and displays it on the plot

Realtime Gain Frequency Provides the option to load path and reference data to show
the actual gain over frequency of your AUT in real time

Exit Applies the selected and exits
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Data Processing Introduction

Introduction

Our data processing features are your gateway to unlocking all the data contained within your
antenna measurements. After making your initial measurement of the antenna, press the “"Data
Processing” button (located in the “Post Measurement Options” window of the main software) and
you will be taken to the screen shown below.

Antenna Measurement Studio v5.8 Diamond Engineering
= n Antenna Measurement System and Data Proci o Software Aut M HEEtems

= Return ta Main

]

Active Register

Register Export
Load Reg1-4 From Discl

__ Save Reg1-4 To Disc_| Start Stap Data Paints
: [ Active=| | Ram Saved Reg1 | 240G 280G 7300 Az-EL Extents|
import | Load Single Rea| g measurements

Data Visualization Options

* Data Storage Reqg 1 Recall Reg 1

Dipole Measurement

Group Delay

Data Storage Reg 2 | Recall Reg 2

Motes to be saved with Reg2 Data Manipulation Options Generate Path Loss | Gain xfer | Efficiency |
Flip EL sign | Import REF Antenna | 3PointGain | _ Gain Substitution |
Data Stol Reg3 | Recall Reg 3 : i
rage Reg call Reg Register Math @ Calculator Status

Motes to be saved with Reg3 Linear Yector Reg0 Lingar vector

10Log(REG:) Reg2 10L0g(REGH)
N | e Reg3 REed s
. [ SORTIREGY | | Regd SORT(REGY | | Regd
MHotes to he saved with Regd REGHMAY) / REGH(Ma) K= 5.012:?;:
REGx(MIM) RE Gx(Min)
Be sure to save data into the Data Storage Regs. After an HIREGH 1REGH
initisl measurement Regl will be vieveables but the dats wil be | 5 J_
lost if you exit without saving to & Ram register. If youtry to Clip Value = IEUm
uze the calculator without first having saved the .
measurements MOTHIMG will happen when you attempt to Active Register Mag | [NV 20 Ll:lgl Clip data I L Active Register Phaze |
perfarm "=" at the calculatar. -
0: 1: 2 :

S1T.23m 16.83m 16.62m
1T.24m 16.67m 16.37m
C16.73m 16.44m 16.21m
S16.08m 14.84m 16.73m
2145.85m 14.32m 14.88m
C14.38m 14.69m 14.7m

213.4m 13.71m 13.75m

EXPORTING AMENTIRE REGISTER

The advanced festures enahle measurements to be
preformed over frequency. Each movement has a frequency
meszurement band associsted with t. 3-D ploting is

enabled for good visualization of the data. The n
amplitudeifrequency plot iz real time with & frequency slider.
lt's like looking st the 3-d plat one cortour &t & time . Al plats
are the contents of Regd. The results of the Math Calculstor
are placed into regl and used in the plotz. Mag and angle are

FI e Y e e e Y e e e '
=== ==
[ e Y e e R e Y K

About Data Registers

When working with data in the Data Processing feature all of the data is stored in registers. These
registers allow you to have “holding space” for data sets. This is a very useful way to work with
multiple measurements from other antennas or variations of the current antenna. There are five (5)
registers total: four (4) storage registers and one (1) active register.
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Active Register

After completing a measurement and opening the Data Processing feature, the entire
data set from your measurement will automatically be placed into the “Active” Data
Register. The Active Register is applied to all functions including 3D plots and Data
Export functions, (with the exception of the Measurement Calculator, which can pull
data from any of the 5 registers). We suggest storing your data to a Register and then
saving it to disk so a permanent copy of the raw data is saved.

Active Register

~ Start Stop Data Points
| Active=| | Ram Saved Reg1 | 2.4G 256G 7300 AZ-EL E}ttents|

Storage Registers 1-4

The Data Storage Registers offer space to put up to four different measurement sets
that you can recall at any point in time, or permanently save the set registers to disc.

Data Registers Load Reg1-4 From Disc|
Save Reg1-4 To Disc |

__REGISTER UTILITIES | ~|

# Meazurements

Data Storage Reg3 Recall Reg 3

NoData M

s ioragotegt _Recationt | 0 |
Nobatz

Data Storage Button All data in Active Register is stored to the storage button
you chose

Recall Button All data in chosen storage register will be written to active
register for viewing or modification

Load Reg 1-4 From Disc Load a set of 4 registers from the disc
Save Reg 1-4 To Disc Save a set of 4 registers to the disc

Clear All Registers Clear all data from registers 1-4
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Register Utilities

The register utility pull-down contains a number of tools for working with registry data.
These tools will help you perform data functions including export, import, and merge.

F

Data Registers Load Reg1-4 From Disc
Save Reg1-4 To Disc

HREGISTER UTILITIES | =

TXT Reqg. Export
Excel Req. Export (Beta)

prly CAL File i

# NMeasurements

Impart

Clear All Registers
RECOVERY
Feverse Azimuth
Select Frequency points

m

Load Single Register Loads a single register from a different saved data set into
any of the current registers 1-4

Frequency Merge Used for merging the upper and lower frequency bands
from two identical sets. Requires duplicate start/stop
frequencies, number of points, and AZ/EL points

Apply CAL file If a measurement was made without having the scalar
calibration applied it can be applied post-measurement

.TXT Export Exports the entire/selected contents of any register 1-4, this
data can be imported directly to excel and other programs

Excel Reg. Export Exports any register directly to excel in either data only or
as a simple report

Import Imports external data directly to a register, external data
must be in a specific format

Clear All Registers Clears registers 1-4 with option for active register (Reg0)
Recovery Load the last completed raw measurement
Reverse Azimuth Reverses the azimuth cut for every elevation angle

Select Frequency Points Generates a new data set with a selected group of
frequencies or reducing the entire frequency set to a
specific number of points
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Register Utilities (continued)

Data Editor

MSI/Planet Export

Stitching Tool

Boresight Normalization

Total Power Addition

Large File Gain Transfer

Process Circular

N2F Export

This will enable data truncation and number of frequency
points reduction. Simple enter the Min/Max extents and the
results will load into REGO

This module will export a file compatible with MSI / Planet
site planing software, requires a single AZ/EL cut with 1
degree resolution

Cuts that start at 0 and end at 360 degrees may have
different amplitude values due to noise, this feature will
stitch the en-points into the same amplitude to eliminate
the gap found in 3D or 2D polar plots.

This module will normalize the bore sight gain levels to
those imported from a previously generated calibration file.
Results are stored back to the Active register (REGO)

Performs a total power addition of Register 1 and 2, the
results will be stored to REG 3

Performs gain transfer on measurement sets greater than
500K data points.

Will take gain data in REG1 and REG 2 and process as
circular, RHCP and LHCP data will be stored to REG3 and
REG 4 Respectively

Exports H-POL and V-POL data for us in Howland Co's N2F
nearfield to far field data processing software.

N2F Peak Gain Generator Exports H-POL and V-POL data for us in Howland Co's N2F

nearfield to far field data processing software.
(NOTE: This feature still in development.)
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Data Manipulation Options

After you have made a measurement, use these options to correct for things like
reference gain, path loss, or to plot efficiency.

Data Manipulation Options Generate Path Loss | Gain Xfer | Efficiency |
Flip EL sign | Print | EL Swing Cort.| Import REF Antenna | 3-PointGain |  Phase Center |
Generate Path Loss Calculates the path loss over the measured frequency range

and specified distance

Import Ref. Antenna Applies gain correction for a calibrated reference antenna
and values are loaded from text file

Gain Xfer Calculates AUT gain by removing path loss and reference
gain (See "Gain Transfer Function” for more information)

Efficiency Generates the efficiency over frequency for the measured
AUT

3 Point Gain Activates the 3-point method for calculating gain

Phase Center Calculates phase center when used with appropriate data.

Flip EL Sign Reverses the elevation indexes, effectively reversing the

elevation plots
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Data Visualization

Visualization Options

The data visualization options enables you to view the Antenna Data in a wide variety
of formats.

l Data Visualization Options

Elll |-

Azimuth vs. Frequency vs. Amplitude 3D-Plot

This plot is the most versatile of the 3D-plots and gives a good idea of the frequency
response versus rotation of the antenna you have measured. If you have made AZ/EL
measurements you can use the AZ/EL 3D-plot for a more detailed view.

4 Figure Mo. 1 [ (=13

Fle Edt Tools ‘Window Help
DEH& NAA/ BRD
CTRLYY or XTO CLOSE

0.03

Features: View entire data set at once
Full Plot Rotation
Zoom In/Out feature
Line and Notation Tools
Exportable to common graphic formats
Printable

0.025

0.02

0.015

AMplitude

oo

0.005

Rl g 02 FREQUENCY(GHz))

Az/El vs. Amplitude 3D-Plot

After you make a AZ/EL measurement, you can view the azimuth versus the elevation for any
measured frequency by using the AZ/EL 3D-Plot. Use the azimuth versus frequency 3D-plot to view
frequency response to aid in the selection of the single frequency.

4 Fipure No. 1 BE}

File Edit Tools ‘Window Help
lpe@a »A 2/ 2P0
CTRLW or X TO CLOSE

Features: View AZ/EE data for any frequency point =
Full plot rotation
Zoom in/out features
Line and notation tools
Exportable to common graphic formats
Printable a5

0 : e om
= n : 10

AMplitude

300

EE 0

Azimuth Rotation

Elenvation
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Spherical 3D Plots

When an Az/El scan measurement is made, you can plot the data in true 3D (up to the
extents of your measurement.). This data can be viewed in true 3D, mapped onto a
sphere, and even compared to an ideal isosphere or dipole right on the same plot.

A IMPORTANT: Spherical plots will only work if AZ/EL measurement data is loaded
in Active Register.

3-d Spherical Az-EL Plotting
-

Generate Plot . Iso-Sphere

| Data Plotting Options #*

[~ Map to Sphere R(in)

g
I~ Multiple Plots |
[~ Hold Plots
[~ Color Bar Min dB
I~ Wireframe !‘

I Export Plot Data
AZ-El View Paint I Add Label

Frequency

VNA Freq #

Isosphere: When data is piot, the dB value window displays the peak data dB
value. By subtracting 3 frem the value and "Add Isosphere” the 3dB beamwidth

¥ Camlight can be seen. The "set From Polar Plot” button will set the frequency slider to the
slider frequency in the Polar plot. That is useful for viewing the peak signal or a

Camiight » desired signal as detirmined in the Polar Piot
v ¥ IMPORTANT
on off Wapoina linear cordinates to soherical cordinates has some special considerations.

Frequency - Select which frequency to plot

Generate Plot - Click after configuration is set

Data Plotting Options - Modify how measured data is displayed in plot window
(select 20log for dBi)

Iso-Sphere - Generates true iso-sphere on same plot as measured data. Enter the
desired IsoSphere size in dBi. NOTE: Max value is updated AFTER plotting the selected

frequency

Dipole Generator - Generates spherical dipole plot on same plot as measured data.
Change the size of the dipole using the Multiplier 1 = Ideal dipole gain.

Viewpoint - Sets default viewpoint for 3D plots

Multiple Plots - Enables plotting of multiple frequencies
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Spherical Plot Examples

Standard Spherical Spherical over Iso-Sphere Parabolic Dish

Map to Sphere Map to Sphere (with grid)

@

Map to Sphere over Frequency

“
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Dynamic Polar Plot

Dynamic Polar Plot offers a linear or log polar 2D look into the rotation gain pattern of a
measured antenna for a specified frequency, and Az, or El point.

Features:

Frequency)

=
524G =

20

o

Clear |
Keep |
_Ea |

Azimuth

o |3

g

Dont Plot

_DontPiot |
Normalizel
Ewor|

| GoTo Max Signal I |

Linear or Log Format

M

ultiple Scale Options

Automatically updates
Keep Max Function
Data Export

Auto Scale Function

4 Trace Plotting

Dual Markers

M

arker Delta Readout

Azimuth or Elevation Plots

Pr

intable

Find Max Signal
GnuPlot Plots

[MAX]
2296 |

=dBAve=

-1.854 |

Refresh

Mo Desc
[~ Hold

F:| 5.24G
Ell 15

Mo Desc
™ Hold

MName:
| rec1| REG2| REG3| REG]

Active Plot: REGD

Edit Traces /i

7.22 dB

135

MAX=

V¥ No Pop Up
Azimuth Contours

F{ 5246 |

El |

Mo Desc

™ Hold
F:| 5245 |

Over Freq PIotI

El 15

No Desc

Amplitude Plot |
Click to change

[ dBrdiv |

Lin/dB I

™ Full Elevation Cuts || ?

Beam Width Setting I
¥ dB Ref. 0

Click Marker To Next Color >

Smith Chart | (511)Reg

4th Order Smooth

™ Hold
F:| 5.24G
EIl 15

Mo Desc

225

MAX dB=7.2200 @ 0 Deg.

™ Hold
Fi 5.243

WIN dB=-23.39 @ 202 Deg.

Bl 15 |

dB Min/Max Deta = 30.616 dB

Beamwidth: 78.12 Degrees

Front to Back: 25.32dB

270

Auto Scale |

Center: (0, @0) Printl ExceIRepon!Exportl

v —I

Marker= MAX || MM g
ro Edit Data @ Marker2 Marker 20Log Delta dB | Freq Trace Export

)< All Az Contours
45
Add Plot Label
315

[~ Export plotiw scales only

Display Settings
—_—

Plot Scale: 6dB/Div

Trace Datato Excel | Plotwith GNUPIat |

Marker= MAX MM
Beamwidth OFF |3
Beamwidth ON

0

0

HEE

Marker Delta Angle

53
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Amplitude Plot

The Dynamic Amplitude Plot is accessible through the Polar Plot window.

Amplitude Plot
Tim

i im

L]
|

— ]
T T 1 A A I A

[T
,\.\ g
sm |-
am |
J0m :
521 - \
wm - %\ /
10m :
P I 1 1 1 1 I
0 100 200 00 400
Auto Seale Lagrees
¥o— =53 w6 Tam
A — w150 v 6. 79m

w0 w0

This plot is a sub-function of the polar plot. This function allows you to view the
amplitude while adjusting the sliders in the polar plot window. The plot is closed by
pressing the "Amplitude Plot” button again.

Over Frequency Plot

This plot is also accessed through the Polar Plot window. It displays the over frequency
data for the selected Az/El position set via the polar plot sliders. The plot is closed by
pressing the "Over Freq Plot” button again

For multiple trace plots see the section titled "Multiple Trace Plots”

Amplitude vs Frequency For Az-El Slider Postions. Use Polar Plot Refresh to update
I 20L0G Ymin Ymax [Prot Title Here
Amplitude Phase v Auto Scale
8 - =00 Fen1 (az,EL)
7 — 150
title ] Pen2 (az,EL)
& - 100
I Hold 5 —: 50
E Pen3 (az,EL)
‘ 7°
Hod 3 - 50
| Pend (az EL)
z - -100
CHo 1 5 180 | < 100%
= % 50%
o -200
Trace 4 . Use Polar Plot Refresh ] < 5%
48G 4.8G 5G 5.2G 5.4G 5.6G
I Hold
Print Frequency
x 497G y: B.287
| x4976 v 6.287
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GnuPlot Plots

This plotting feature produces publish quality plots based on certain plots within the
DAMS Software, Presently the GnuPlot feature is available for the following plots, the

Plot is generated by pressing the “Plot with GnuPlot” button located within the plot.

Antenna Pattern
. 00 %0 g0
110 T0
120 60
130 6 50
140 40
-12
150 30
160 20
170 10
- 180 0
180 350
200 340
210 330
220 320
230 310
240 300
- 250 290
260 270 280
1 1 1 | 1 1 1 | 1 1 1
Name: Enter Name: Example Frequency: 5240 MHz
Date/Time = 8/11/2013 9:41:17 PM MAX dB=7.2200 @ 0 Deg.
Plot Scale: 6 dB/Div MIN dB=-23.39 @ 202 Deg.
Total Angular arc where signal is <6 dB down: 110.655 Deg. dB Min/Max Delta = 30.616 dB
Amplitude vs. Frequency Amplitude Vs. Angle
8 10
(Az 1 EI) (0, 15) Freq 1
75
5
;
0
65
o o
=z s 2 s
S 55 )
£ <
5
15
45
-20
4
35 25
44 46 48 5 52 54 56 200 -150 -100 50 0 50 100 150 200
Frequency (GHz) Angle (Deg)
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Group Delay Function

Allows the analysis of the Group Delay and Path Propagation data. You can also make
an accurate measurement of the antenna distances using this feature.

GroupDelay and Path Propagation over frequency,Measurement

I - - Features:
[ 2362 . .
= - Distance Scale Functions
Measurement# Group Delay 28 Data Export
30 255 .
= . Auto Scale Function

Printable Plots

@ ns
< Feet 23
< Inch 25 pai

Fraaza' T Y, Fregquency (MHz) Exit ]

Clear | [Aufo Scale
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Measurement Calculator

Overview

Use this option to perform arithmetic operations on the measurement registers. For
example if you make measurements on one antenna and wish to compare the results
to another antenna at each point of rotation and each frequency. Or if you have a

calibrated reference antenna an wish to normalize additional measurements to the max

or min value of the reference antenna. Remember all measurement data is linear so

you may want to “LOG" the data before doing math. If you select MAX or MIN then all
measurement elements will be replaced with MAX or MIN. This creates a normalization
reference if you do your math correctly.

Register Math |7

Linearector

10Log(REGH)
REGH2
SORTREGH
REGH(MAX)
REGHMIN
1/|RE Gy

Calculator Status

Linearector

10Log(REGH)
REGH2
SORTREGH
REGH(Max)
REGx(Min
1/|RE Gy

Reqg0
Reqg1
Req3
Reg4d

K= [5.012%7

To REGO

Advanced Calaulatnrl 0

LI
_= |
o |
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Making Measurements

Active Register Mag.

Active Register Phase

Basic and Advanced Measurements
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Scalar System Calibration

A NOTE: If you have already calibrated any system losses (cables, etc) using VNA calibration
you do not need to perform a scalar cable calibration, a full 2 port calibration of the VNA is
recommended when making phase dependent measurements

Reference Antenna Positioner / AUT
(First VNA port / TX/Rx) (Second VNA port / Tx/Rx)
Connect Reference Antenna Cable to top of Positioner : @
.................................................. T ""./it;ér;l;;t-or" .7——5..
’ Value (-dB)
VNA /ENA/PNA
Tx/Rx
_________ ., Source | ' Reciever *
:-POWERAI\/IPLIFIER' : 'giglfGGe“ ' : ' _Spec Analyzert
1 (Requires Aftenuator) | Eeubrraing : :\F’/gl\:/rﬁ;tl\greter :
A = m m m m m m m oW [ 1 ' .
P e mmmm = I e e e e ==

Scalar Calibration with Generator and Receiver Configuration

1. Select your Source Instrument and click the “Settings” button, which is located
below the icon to configure parameters for your measurement (start, stop, number
of points, etc.).

Select receiver from pull-down and configure any applicable settings.

Connect system as shown in the selected diagram.

Press the Begin Calibration button, a trace will be displayed when complete

If performing substitution calibration press the “apply reference” button and import
the calibrated reference data

6. Save calibration and exit to apply to measurement.

ik wnN

Performing Scalar Calibration with VNA configuration

Configure your VNA for desired start/stop frequency and number of points.
Connect system as shown in the diagram.

Press the Begin Calibration button and a trace will be displayed when complete.

If performing substitution calibration press the “apply reference” button and import
the calibrated reference data.

5. Save calibration. When exiting you will be prompted to apply the calibration to the
measurement.

> wn e

A NOTE: If using an amplifier, be sure to attenuate its signal to avoid exceeding
maximum input power on your VNA.
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Scalar System Calibration - Substitution

A NOTE: When a Substitution calibration is made there is NO post processing necessary. All of
your data will be collected in dBi.

TX Antenna Calibrated Reference
(First VNA port / Tx/Rx) w/data
1. Attach calibrated reference to positoner %
2. Press “Begin Cal” to measure link Posit I AUT
“« ” osiuoner
3. Press “Apply horn to_ load reference data. (Skcond VNA port / Tx/Rx)
4. Replace reference with AUT
VNA/ENA/PNA
Tx/Rx
, Source ! ' Reciever !
:-POWERAMPLIFIER' : :ggf%ee”neraﬂn : ! _Spec Analyzer!
1 (Optional)) ' Erulator gl : :ng/rﬁre:\gfter :
ammmm P '

Instrument Configurations

Performing Substitution Calibration with calibrated reference
antenna

Place a calibrated antenna with known values in place of the DUT.

Perform both sides of the Scalar Calibration routine as described above.

Press the Apply Horn button to apply the reference antenna data to measured data.
Save and apply your calibration data.

Replace the Calibrated antenna with your DUT.

o vk w N

Make your measurement, all measured data will now be in dBi.
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Calibration Profiles

Introduction

Calibration profiles store specific details such as scalar/substitution calibration files, reference
antenna data, and path loss information, this data will be automatically applied to measurements
eliminating the need for any post processing. Multiple files can be created for different
measurement setups.

" MewCal3 - | |
=i _-.T [EL = FTE

Calibration Profile

This module is used to set profiles of
Scalar/Substitution and’or 3 Point
Calibration information with Path
Loss and Reference Antenna. Tt will

automatically be lied to your
[~ Use Scalar / Substitution Calibration P T ?p_p' o ¥ .

Scalar Cal File
|c\dams\scalarcalsitestcal bt

Jeidamsirefhorn. bt

Scalar / Substitution Calibration

Apply data has been saved using the “scalar calibration” module within the software.
A cable calibration is generally used in conjunction with Automatic gain transfer
whereas a substitution calibration is not used with gain transfer, the resultant data is
stored in the specified destination register

Automatic Gain Transfer
Path and reference antenna data is automatically applied to the measurement when it
is complete, no further processing is necessary, measurement results will be in dBi.

Destination Register
Specify the destination register and description for resultant data.
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Auto / Manual Polarization Switching

A NOTE: Software must be configured for a supported type of polarizer or
“manual” which will prompt to manually change polarization

Overview

This feature allows fully automated collection of both H + V Polarization of the DUT
including automatic gain calculation. Polarization switching can be performed at every
physical point or at every complete measurement. Scalar / Substitution, and/or gain
transfer calibration can automatically be applied during collection

Polarization Settings

Polarizer Type

Minicircuits Switch

Dual Polarization Measurements

4 Disabled
< Enabled

Main Polarization

4 Horizontal
< Vertical

Switching Mode

< PerPoint

4 PerMeasurement

Polarizer Type

Enable / Disable

Switching Mode

Polarization Seftings

[ Enable Scalar/ Substitution Cal

|
j Configure
H

x|

CADAMS\scalarcalsitestcal bd

C\DAMS\scalarcals\testeal bd

[~ Enable Auto Gain Transfer

Reference Antenna Data

CADAMS\2164-06_Vertical td |

C\DAMS\REFhorn. bt |

Apply Settings

Path Distance
1 H
Meter v v
Horzontal Register | Reg. Description |
[REG1 | | PoL
Vertical Register | Req. Description |
IREG2 | PoL

Selects the type of polarizer that will be used, selecting manual
will cause a software prompt to manually change polarization,
the settings button changes polarizer specific settings

When enabled, the software will perform dual polarization
measurements for Azimuth, Elevation, or 3D scans as configured

on this page

Per-Point will switch the polarization at every physical point

the positioner stops, for electronic switching this option

will reduce error by only requiring the AUT to move only once

to each position. Per measurement will complete one full
measurement at each polarization. It is recommended to perform
a per measurement sweep for any rotary positioner to reduce
measurement time and wear on the polarization stage.
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Scalar / Substitution Cal This option will reference to any calibration file made using the DAMS
scalar / system calibration function located on the front page, the
calibration can be just cable calibration or a normalized substitution
calibration.

Auto Gain Transfer This option will apply the selected reference antenna file and path
distance correction to the measured data, a separate gain file can
be used for each polarization if using a dual polarization reference or
multiple antennas. The cable loss must still be corrected. This can be
used in conjunction with a scalar calibration file to correct for cable loss.

Destination Register When a dual polarization measurement has been completed, the data
needs to be stored into one of the 4 data registers. These options will set
both the target register and description.

Azimuth & Elevation Measurements

A NOTE: Software assumes positioner is level when started or after being reset. If it is NOT, use
“Vertical Jog" to move platform to true level and “set to zero” before making
measurements.
Basic Azimuth or Elevation Measurement
1. Ensure power cables are connected, software is running and positioner movement is confirmed.
2. Attach AUT to rotator platform or FSM (If equipped) with SMA connector.

3. Ensure controller power is ON.

4. Select S21 on your analyzer, AND linear polar OR smith chart. If you have a saved calibration file,
be sure to load it before making measurements. Example: 4 to 6 GHz @ 201 Points.

A NOTE: If your analyzer has not been calibrated, follow the appropriate calibration procedure.
5. Click “Configure Extents” to configure the start/stop position and resolution of this measurement.
7. Click "Measure Azimuth Cut” or "“Measure Elevation Cut” to start measurement process.
8. During measurement process, the rotator platform will begin moving and center frequency

data should begin appearing on screen. “Measure Azimuth Cut” will remain greyed out during

measurements. Once measurement completes, button will reappear. Then you may enter
the "Data Processing” section or perform other post-measurement options.
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Gain Transfer Function

Prerequisite: Measurement with VNA or DAMS Scalar Calibration Enabled
[eantnstere ]

Overview

The gain transfer function will use
previously generated path loss
and reference data to calculate the
dBi gain of the measured antenna
across all angles and frequencies.
Corrected data will be stored

into Reg4 and the Active Register
(Reg0).

After calculating, save Reg 1-4 to
the hard drive this file will contain
original and calculated data
including path and REF data.

To Perform Gain Transfer

1. Measurement data must
be present in Reg 1

ntenna Measurement Studio v5

on Antenna

2. Path loss and REF buttons must be
green indicating data is present, click
to set path or reference data

Calculate Gain(aur) from Calibrated Reference And Path Loss

G

AUT

|_Lin [GainAUT x|

Lo

- o
hase: Principal phase ( 0 to 180 and 0 to -180) is also calculated

1.1 @ AUT Linear Power Gain = REGO & REG4
21
3.1
4.1
Pl
Circular Gain Requirements Using H-V Linear Tx Horn with FSM Mount:

18471
[G e

—

] 4;rd)7

I

Cancel

View Application Note

Calculate Linear AUT Gain = REG4&0
Calculate Circular Gain using H &V Linear Tx
Calculate Circular Gain using Fixed Linear Tx

1. Measure AUT with Tx Vertical. Save to REG1

2 Measure AUT with Tx Horizantal. Save to REG2

3. Invoke path loss (Sets internal variable)

4. Import Tx Gain (Sets internal variable)

5. Invoke 'Calculate Circular Gain Using H & V Linear Tx'
G(vert)=REG1 G(hor)=REG2 G(LHC)=REG3 G(RHC)=REG4

Gain Transfer Module

Report/Export (beta)

urement S 1and Data P

Register Export

Load Reg1-4 From Disc|

3. Run Gain Transfer function

Diamond Engineering
Automated Measurement Systems

CADAMS\advanceddata\S_2_patch_2xFx101.dat

Patch Antenna 2/18/p009 2:17:45 AM |

Save Reg1-4 To Disc

| Load Single Regl #

Start Stop

56G

Resultant
AUT Gain Data
(Also in Reg0)

Be sure to save data into the Data Storage Regs. After an
intial measurement RegO will be viewable but the data wil be
oSt if you exit without saving to a Ram register. If you try to
use the calculator without first having saved the
measurements HOTHING wil happen when you atiempt to

perform "=" at the calculator.

EXPORTING AN ENTIRE REGISTER

Alternate Parameter Data 322 !

-,
—

676.4k

Data M Opti Generate Path Loss |

L <1

Data Points

676 4k Az-EL Extents
Recall Path Loss | Recall Ref. Data

e

Efficiency |

Flip EL sign | Print | EL Swing Corr. |‘ Import REF Antenna |

Y
3-Point Gain

| Gain Substitution

Register Math @ Calculator Status

Linear Vector Reg0 Linear Vector

10Log(REGX) | | Reg2 10Log(REGK)

REG®'2 Reg3 x ||| REGX*2 Reg3
SQRT(REGX) Regd / SORT(REGK) Regd

REGK(MAX) REGx(Max) K= [5.012[2. oS
REGH(MIN) REGx(Min)

1REGH] UREGH |

ciipValue > [oom | —

Active Register Magl@ Z“L"!ﬂ Clip data |

001 002:
3.521m
3548m

3.434m

The advanced features enable measurements to be
preformed over frequency. Each movement has a frequency

measurement band associated with it 3-D ploting is.
enabled for good visualization of the data. The

3.516m|
3.496m|

ampiitude/frequency plot is real time with a frequency sider.
its like lnoking at the 3-d piot one contour at a time. Al piots

are the contents of Reg0. The results of the Math Calculator
are placed into req0 and used in the plots. Mag and angle are

Data processing page after Gain Transfer has been completed
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Antenna Gain Pattern

Once the gain transfer has been completed the antenna pattern can be plotted in a number of

ways. The quickest way to analyze the max gain positions and frequencies is with the polar plot. Up
to four antenna traces can be plotted at one time. The radiation pattern for any frequency or axis
can be displayed simply by moving the sliders to the desired setting.

Locating maximum gain frequency / angle:

1. Display 20Log

Freawensy| AU Elevation

1. Select 20Log to view the gain in dB.

2. Press “Go to Max signal” and plot will be changed to plot with the maximum gain.
3. Max gain value for specified frequency/cut will be displayed left of polar plot.

2. Go to Max (Max Gain for displayed pattern / freq.)

"1 rec1| Recz|rRee3| rRecd

Kee |
et |

-1.122

|[¥ Mo Pop Up |
Azimuth Contours

T

s H[aep | 15 = |
0 360~ =2 774 | Active Plot: REGO
8{)] 300 60 :dBAve= || Edit T.E.EI
) 4 [iv]
20_
80 200 Refreshl A
40 -20 Mo Desc
100 [~ Hold
- -60 F:| 536
0 0 Ell_18
Mo Desc
[ EE Froa
Fi 536 |
Maor

Ell s |

Mo Desc

| Isotropic 52142dB8= | |

Frequency Average REGO |

4th Order Smooth <REGU>|

Click Marker To MNext Color =

™ Hold
F:[ 536 |
Ell 15
Over Freq Pl
Mo Desc
Amplitude P I Hold
¢ F:| 536
< B El 15
10
j’ =2 %10 Mo Desc
g2od) 15
é 20 I~ Hold
fntenna Bt Rate F{ 528 || add PlotLabel
II_ Plot dBi Gain for: Ell 15 =
|86 (in) Seperation Auto Scale i

Center: (0, @0) F'rintI Excel Report / Export

T 1=

N

L1l

ARE!

-31.14

/ I_ Export plotfw scales onhy

Plot Scale: 10dB/Div

mm

Trace Data to Excel | Ref Radius: 1

Marker 20Log Delta dB

IMarker Delta Angle

]
|

Antenna azzmuth pattern showing a peak gain of 8.86 dBi at 15 degrees elevation
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Performing Azimuth/Elevation Scan Measurement

Basic AZ/EL Scan Measurement
1. Ensure rotator power is securely attached and plugged in.
2. Attach Antenna to rotator platform using a SMA connector.

A NOTE: For directional antennas, we recommend starting the max gain point of
the antenna 180 degrees from the source antenna.

3. Turn platform power ON.

4. On your analyzer select S21, POLAR Plot and the proper instrument state.
Example: 4 to 6 GHz @ 201 Points.

5. Click "Configure Extents" to select the Start/Stop positions, resolution, etc.
6. Press the "Scan AZ/EL" button to begin measurement process.

7. During the process, the rotator platform will make a complete azimuth cut,
then move to the next desired elevation point, and then it will repeat the azimuth
cut. You should also see some data starting to appear on your screen at this
time. The "Scan AZ/EL" button will remain greyed out during the measurement
process. Only after the button returns to it's normal state is your measuring process
is complete and when you may continue on to Data Processing.

Example Result

#  Figure No. 1 E@

File Edit Tools ‘Window Help

DEeEdE A A/ 2D

CTRLW ar X TO CLOSE

=58

35
1-40

e
=0
!

1-45

e
(i}
!

AMplitude

(5]
[}
]

-50

s5

300 o

e S e 00
LN : 100

40 0

Azimuth Rotation

Eleviatinn
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Measuring a Left Hand Circular Double Helix

Circular Measurement Procedure

1. Measure AUT with Horn in vertical position and save that
data to REG1.

2. Rotate Reference Horn 90 degrees counter clock-wise
(from behind reference). Repeat measurement and save
data to REG2.

3. Now invoke the "Path Loss Calculator’ and specify
the appropriate figures. Once completed, ensure
the "Generate Path Loss" button is green as shown
below. The green signifies that the data has been saved
internally.

4. Once completed, invoke the "Import REF Antenna” button to load the appropriate calibration
data. Again, verify this button has also now turned green as shown below:

5. Invoke Gain Xfer and specify Circular Gain

6. Use KEEP, Normalize and don’t plot to compare LHC RHC. Scale to 20Log and set contour and
position markers to measure LHC and RHC difference.

A NOTE: Incorrect rotation of the reference horn will switch LHC and RHC. The DAMs is set up
for CCW rotation. Vertical orientation is arbitrary. The difference between the H and
V measurement must be 90 degrees.

Example Result

REG1| REG2| REG3| REGY [¥ Mo Pop Up
ot o Agimuth Contours |
Active Plot: REG4 Sto IRCLI

Sto | RCL

Edit Traces 135 ~
/ /
/
,

MAX= 146

Y
[ Expont ploth scales only

<
/ Display Setfings

Add Plat Label
=

Making Measurements 68



Performing 3-Antenna Calibration

Summary

Three unknown antennas can be measured against each other to obtain the realized dBi gain for
each antenna, this data can then be viewed, saved, or exported into files. If you wish to use this data
for a measurement, you must export the data and make a reference antenna file with the data in dBi.

Prerequisites

1. Calibrate all cabling using either a VNA calibration or DAMS Scalar Calibration

Procedure

1. Label your antennas A, B, and C. for easy identification.
2. Click "Automated Functions” on the front page and select “3 Point Collection” this will launch the
Automated 3 Point module.

3. Press the start button and follow the on-screen instructions

Automated 3 Paint

Automated 3 Point Measurement Collection - Collects 3 sets of data to for use in 3-Point .
processing module located in Data Processing section.

IMPORTANT: Set VNA to desired frequency range, calibrate cable/system using either VMA or the
DAMS scalar calibration.

Before Measuring- mark your three antennas as A. B. and C- 2 boresighted tripods are
recommended for best accuracy.

This will overwrite REGI, REG, and REG3.  (CONNECEAUT [x]

@ Connect AUT Aand C then press MEASURE

[ | Measure Cancel
PairAand B MEASURED —J —]

Pair A and C n

PairBand C

4. When all 3 steps have been completed, proceed to the data processing section and launch the 3
point gain module.

PairAandB MEASURED

PairAandc MEASURED - Gloseto Continue

PairBandC MEASURED Use Data Processing -> 3 Point module

Continues next page...
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3-Point Gain Module

Launching the 3-Point Gain module

The 3 point gain module is located in the data processing section. It will take the 3 measurements

you've already made in the previous steps and convert them all to gain measurements for each
individual AUT (A, B, and C)

Prerequisites

You must first use either the automated 3-point collection or manually measure 3
required pairs and store them to the appropriate registers.

REGS BEFORE
Data Registers Load Reg1-4 FrﬂllDi'.icl

S Save Reg1-4 To Disc |
I REGISTER UTILITIES | ~ I|

# Measurements

Data SorageReq 1 RecallReg1 || 102 |  ZIE=i3Point =1x
AT A **%*Please note: It is not necessary to have reference data with this method so
**%**long as the system and AUTs have good matches -10dB max.
Data Storage Reg2  Recall Reg 2 1E2 'The 3-point method requires that you have performed S21(Linear) measurements with all combinations of 3 antennas in the proper order.
I: 'The result of each measurement must he consecutively stored in Regl.2 and 3. The path Loss units are default Meters or units the Path
AUTAand C | Loss module is set to.
i 'The Linear 821 gains of each antenna (a,b,c) will be calculated into the Regs1,2,3 consecutively. Be sure your original data is saved to
T disc. The proper raw data measurement order is: AUT(a and b) REG]1, AUT(a and ¢)REG2, AUT(b and c) REG3. Then the gains are
Data Storago Reg3 _Rocallfog3 | 102 | leulated and restored as AUTa=REG], AUTh=REG2, AUTc=REG3.

- Path Units
Inch

Distance A_B

[ EE— |

Wiew Application Note
Continue & Load Ga,b,cinto Reg1,2,3

Cancel

Notes

The triangle measurement requires two platforms.
‘When making A+B measurement AUT A must
face AUT B(or C) unless B and C are symetric
about A beamwidth. In that case each platform B
or C is rotated to point at A. Then the platforms
are pointed at each other.
h If colinear measurements are made by changing
out each antenna the distances between each two
antennas is entered above.
Scans: One antenna may be scanned each time it
is measured. For example the dipole "B" may be
scanned in each measurement. All measurements
nmst have equal size and shape so A+C must be

a measured with the controller set to "Measure but
Linear Gain 321 AUTa

Distance B_C
il

Distancea A_C
il

AUTC

REGS AFTER

Data Registers Load Reg1-4 From Disc]|
Save Reg1-4 To Disc |
| REGISTER UTILITIES | ~ |

# Measurements

Effective Distance AUT A= 1
Effective Distance AUT B = 1

Effective Distance AUT C = 1

Data Storage Reg 1~ Recall Reg 1 102

Data Storage Reg2  Recall Reg 2 | 102 |

Linear Gain 521AUTD

L : :
Data Storage Reg3  RecallReg3 || 102

ILinear $521 Gain AUTC I; | ]

Viewing Data

Recall your desired register and open the Polar Plot — Over Frequency Plot to view the calibrated
data for each antenna, use .TXT or Excel Export options to export the data.
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Multi-Positioner Automation

Multi-Positioner Automation Module

This module, located under Automated Functions on he main page will set an auxiliary positioner
to a specific position from a list or dynamically updated file and perform a full scan using the
primary positioner controlled by the main DAMS software page. Since this module has the
capability to collect massive amounts of data, the data will be stored directly to disk, each
measured position will be stored as a separate file containing the magnitude and phase data for
the entire frequency range. (See next page for file format examples)

Multi Positioner Automation

- ) .
Muilti-Positioner Automation & .

This module automates multi positioner measurements using a fixed source pesitioner and scanned sconday
positioner. A complete scanned dataset will be made for every source position specified

The source positioner will be the positioner configured as AUX

Each loop. or coordinate will execute the "Scan Az-EI" command on the front pace

: CIDAMS\coordlist2 i | Source (aux) Position
| CADANS\coordist bt e AZ EL
[ Soucs Coninate Lot 0z ELY | O
™ Enabled | Remote File Trigger Mode - Trigger File \dams\command.ti |
0: (0, 10} Single Coordinate File - Trigger File \dams\auxcoord b

| Data output location

| CADAMS\DataDumpiMylogfile.bd Change

1:(-5,13) Start | Measurement Status |
Idle ’

Source Coordinate List  Specify a list of source position coordinates, an entire Az/El scan using
the primary positioner will be made for each pair of coordinates

Remote File Trigger In this mode, the software will monitor the C:\dams\command.txt
file, when the value in this file changes to a 1, the software move the
Source positioner to the coordinate located in C:\dams\auxcoord.txt
and will perform an AZ/EL scan. In this mode the Coordinate list file is
NOT used!!

Data Output Location Select a working directory where the log file will be located, the
directory where the log file is located is also where all data files will
be saved. As noted earlier a file for each AZ/EL position will be made
containing all frequency information for that position.

Status Displays the current operation being performed.

71




File Trigger Mode

File Triggering , Loop Mode, and Write to Disk

UserQObject

The DAMS Software can trigger a measurement and output the data to a file for external analysis
the software can be triggered by writing a 1 to a certain file, upon a completed measurement the
software will change the 1 back to a 0. From the main page,

Select System Options — Advanced Settings to display the menu below

Advanced Settings

| Qutput to file — Qutputs Individual cordinate files with over frequency data - for external analysis

I Enabled

Qutput Folder / Log File | Txt Format |
ch :
C\DAMS\DataDump\ylagfile b ange % Space Delim

< 20 Char Fields

Loop Mode Enable | Enabled

File Trigger Mode [~ Enabled

Output to file For large measurements over 1,000,000 data points see following
page for the example data format and file naming conventions.

Loop Mode This sets the DAMS to loop mode, this mode is useful for demo
displays or simply running the same pattern repeatedly.

File Trigger Mode Requires loop mode. When this mode is enabled, after you
press any of the “begin measurement” buttons, the DAMS
software will monitor the file C\command.txt. When the 1
changes to a 0 the DAMS Software will execute a measurement
and write a 0 back tot he file when finished.

Making Measurements
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Automation Module - Exported File Format

Individual Coordinate Files
The automation module is designed to save the data directly to the disk instead of being

plottable within the DAMS Software. This is because the DAMS software has a ~500K point limit
and these measurements can easily exceed that value.

ThisPC » 0OS5(C) » DAMS » DataDump

Marme Date mcd\i}‘ied Type Size
& |J beAZOELOnAZ3G0ELTS 3M0/2019 455 PM Text Document 1KB
|2 teAZ0ELOmAZ2TOELTS 3/10/2019 4:59 PM Text Docurment TKB
® |_'| beAZOELOnAZ3T5ELTS 310/2019 458 PM Text Document 1KB
o |_] bATOELOmATZ180ELTS 310/2019 459 PM Text Document 1KB
* |;1| beATOELOmAZZ25EL15 30/2019 458 PM Text Docurnent 1KBE
|:] teAZ0ELOnAZ90ELTS 3 Text Document TEB
|j teAZOELOnAZ 135EL15 Text Document TKB
|:| EAZQELOnAZELTS Text Docurmnent | KB
|J teAZ0ELOneAT45EL1S Text Document TKB

C:\DAMS\coordlist.txt - Each row is a pair of tab delimited coordinates - the format is AZ EL

| tAZOELORAZ3IB0EL 1S - Notepad — O e

1 File Edit Format View Help

fI?E]E]E]EiEiEiEiEi 6.08629844388152926 B
1930000000 B.1529085279078791 @

11160000008 @.2388268701664874 B
11390066000 8.3442789740169473 6
11626000000 0.4694686902061812 ©
1185680060008 B8.6146582389827161 ©
| 2080000000 0.7800482332209452 6
12310000000 @.9658977017629981 @
12540000000 1.172436112979301 @
12770000008 1.399903398549995 @
138000000000 1.648541977468945 8

Exported File Contents:
Format space/tab delimited:
(Frequency(Hz)) (Linear Magnitude) (Phase)

73







Utilizing the Data Processing Features

2] measwe azmmncut | [ ST |

=l | | ResstALLintPos |

_ Selact VNA or Source |
|[veer EMULATOR -] Exings
1 Select Rieceiver |
| || Semngs |
Cal System Scelar OFF n —_— This pag

measurd

.CEI’AD(OBF:U | mmean oFF o - 1o work

Pross §

Azimuth Rotation

# Figure No. 1

DEE& kAN, B2PD
CTRLW or X TO CLOSE

Post-Measurement Data Manipulation
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Post-Measurement Data Manipulation

Introduction

Use the Data Processing section to work with the data you collected after you make
any Antenna Measurements. This feature allows complete control over the data
including the ability to completely manipulate the data using a large set of math
operators as well as compare the current antenna to another Antenna or a calibrated
reference antenna. A complete set of plotting options allow you visualize your data in

a multitude of formats. This section of the manual will assist you with getting the most
out of your Antenna Measurement System. If you are not familiar with any of the terms
mentioned in this chapter, please refer to the Software Overview.

Screenshot

Antenna Measurement Studio Diamond Engineering
P Antenna b irement and Data Pr C Automated Measurement Systems

Return to Main MSI Export Current Dataset

Data Registers Load Reg1-4 From D|5|:| Active Register New Measurement 8/11/2015 3:40:03 PM
Start Stop Data Paints

Save Reg1-4 To Disc
[Active= [ StoredtoRegl 1G 2G 1887 Ao-FL Extents

# Measurements.

1887
MNew Measurement 8/11/2015 3:40:03 F I:

Data Storage Reg2 RecallReg 2
Notes to be saved with Reg2 Data Manipulation Options Generate Patn Loss |
FipELsian | Print | ELswing Cort | import REF Antenna |

| v sorgenegs_mecanzess | M oo Cacsaor Siates

Notes to be saved with Reg3 ! Linear Vector Linear Vector

10Log(REGx) 10Loa(REGK)
MNotes to be saved with Regd !‘ 2(;2:((:5((;}() E{{ég:((ﬁfx?n

REGX(MIN) REGx(Min)

Be sure to save data into the Data Storage Regs. After an IREGX| IREGY|

initial measurement Regl wil be viewable but the data wil be

lost if you exit without =aving to a Ram register. If you try to Clip Value >
use the calculater without first having saved the

measurements NOTHING will happen when you attempt to ve Register Mag ”“Vi 20 Lul

perform"=" at the calculator.

00: 01:
EXPORTING AN ENTIRE REGISTER 1 1275
1.247

The advanced features enable measurements to be - 1166

preformed over frequency. Each movement has a frequency
measurement band associated with it. 3-D ploting 1 1.041

enabled for good visualization of the data. The - 0. 0.8857
amplitude/frequency plot is real time with a frequency slider. -0 07127
It's like looking at the 3-d plot one contour at a time. All plots 05327
are the contents of Regl. The results of the Math Calculator -
are placed into req0 and used in the plots. Mag and angle are ™
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Saving & Loading Measurement Data Sets

All measurement data is stored in “data storage registers” and each data set consists of a group
of four (4) data registers. These registers are used for storing and recalling data within the Data
Processing feature and can be recalled or saved to disc at any time. The register labeled "Active
Register” will contain your current measurement or any loaded measurement. All plots, graphs, and
export features will be based off of this register, but is considered “temporary” and will not be saved
to disc. Any active register data to be saved must be placed into one of the four data registers.

Once you enter the Data Processing section after making an antenna measurement, all of the
measurement data is placed in the “Active Register”. To save this data, click “"Data Storage Reg 1".
The data will be placed into Data Storage Register 1 (and causes a red * to be placed next to that
data register). To save this data set to the hard drive, press “Save Reg 1-4 to disc".

Data Registers Load Reg14 FromDisc| 4\ QUICK TIP:
Save Reg1-4 To Disc |
REGISTER UTILITIES | - - After entering Data Processing, click
# Measurements “Data Storage Reg 1" immediately

to keep original measurement data
available.

o |
NoDas M|

" bateSore hog 4 mcatiogt § 0|
oDt

Data Storage Reg 3 Recall Reg 3

Data Storage Buttons All data in Active Register is stored to the storage area that you chose.

Recall Button All in that storage register will load into to the active register for viewing
or modification.

Load Reg 1-4 From Disc This button will load a set of 4 registers from the disc.
Save Reg 1-4 To Disc This button will save a set of 4 registers to the disc.

Clear All Registers This button will clear all data from registers 1-4.
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Viewing & Working with 3D Measurements

Introduction

Press any of the 3D buttons to view the “Active Register” data in 3D using MatLAB
Viewing Interface.

Viewing 3D Azimuth Measurements

1. Ensure data is present in "Active Register”. If there is no REHS N A BET
CTRLW or XTO CLOSE
data, recall data from one of the storage registers or make a
measurement.

2. Click "View 3D AZ Plot".

3. Depending on the size of your measurement and the speed of
your computer, it may take up to two minutes for your 3D plot Rotaton Angls e FREQUENGY(GHz)
to render on screen.

Viewing 3D AZ/EL Measurements

+ | Figure No. 1 A=E
1. Ensure data is present in "Active Register”. If there is no DEES|x AN/ PR

. CTRLW or XTO CLOSE
data, recall data from one of the storage registers or make a
measurement.

2. You can only view one frequency at a time using the AZ/EL3D | 2. 5
Plots. When you press the "View 3D AZ/EI" measurements , ' .
you will be prompted to choose which frequency to el X _
view. o = = W

Azimuth Rotation

AMplitude

Elevation

3. Depending on the size of your measurement and the speed of
your computer it may take up to two minutes for your 3D plot
to render on screen.

A QUICK TIP: Amplitude Plot can get a reference of the frequency response for antenna.

Working With 3D Data

Rotate plot: Tools — Rotate 3D

Print plot: File — Print

Label plot: Tools — Add — Text

Save plot: File — Save (saved file compatible with MatLAB viewer only)

Export plot as image: File — Export (exports BMP image)
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Dynamic Polar / Amplitude Plots

The Polar and Amplitude plots allow you to view the Horizontal or Vertical sweep data over specific
frequencies and/or elevations. The Polar and Amplitude plots have been combined to use the
same control panel. Select the frequency and elevation (if applicable), and the data will be instantly
displayed on the plot. Click "Amplitude Plot” to view the amplitude plot (click again to close).

Dynamic Plotting
Name: 90
Sl sgimuth  Elevation | rec1| REG2|REGA| REGA [ Na Pop Up|
EHl o HI1s5 H IMAx| Azimuth Contours
-90 2296 | Active Plot: REGD Earrs Comoursl
3 45
Edit T 13
=<dBAve> || Edi 'ms/ Add PlotLabel
-1.854 |

Refresh MAX= T7.22 dB

- No Desc
I~ Hold
F[ 5246

15
a0 El

No Desc

Trace

Don't Plot old
a oo 180

\
/)

T —

Penz
Normalize Pen3 gl
pens |
No Desc
=8| ™ Hold
GoTo Max Signal F:| 5246

QOver Freq Plot No Desc
dBidi
plitude Plot | I Ha

<3 F| 5245
Click to change ||| 4§ gl 15
Lm.'dBI < 10 No Desc 225
<15 WAX dB=7.2200 @ 0 Deg. ]
<20 ;ﬁ MIN dB=-23.33 @ 202 Deg il r E""“"\”"’"" scales only
7 dB Min/Max Delta = 30.616 dB T Display Settings
I™ Full Elevation cuts | 7 | El = - | e
Auto Scal Beamwidth: 78.12 Degrees Frontto Back: 25.32dB 270 Plot Scale: 5dB/Div
Beam Width Sstting JakE ]
¥ B Ret. 0 Center: (0, @0) Print Excel Report/ Export Trace Data to Excel | Plot with GNUPIot |
o
Cligk Marker To Next Calor > | T ‘ I \_I H ¢ g
H eamwidih OFF =
Smith Chart | (S11)Reg [a =] ] 0 | ¢ Beammiain on 0
ath Order smootn B r0 Edit Data @ Marker2 || Marker 20Log DeltadB | Freq Trace Export Warker Delta Angle

Instructions for Dynamic Polar and Amplitude Plots

1. In main Data Processing window, click on “Polar/Amplitude Plot”", revealing the
screenshot above.

2. REGO will be loaded automatically. Use the REGx buttons to select different data
sets.

3. Use the sliders to browse through the data set.

4. Set Lin/Log and DB/DIV separation values as desired.

A NOTE: If you have already calculated the path loss and applied it to the
antenna, keep this feature UNCHECKED.

5. Markers located in center of the plot can be dragged to different areas of the trace,
the resultant amplitude and angle differences are displayed in the large numerical
windows at the bottom.

6. To export the current trace data, click "Export”.

7. To save entire plot with number labels, you must use Windows' screen capture
function by pressing the “Print Screen” button on your keyboard. Then paste the
image into an image editing program where it can be further labeled or printed.

8. Click "Gain Plots” detailed instructions.

A NOTE: Advanced procedures such as working with dual trace plots are
discussed in the Advanced Techniques application note.
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Importing Reference Antenna Data

Introduction

After you have made your antenna measurements and have entered the Data Processing area, you
may then import your Reference Antenna data and Path Loss data for the measurement. This data
can be directly applied to your measurement or you can be saved in it's own register for later use.

You can enter all of the gain values for a specific reference antenna into an appropriately formatted
text document. The software will read and interpolate these values across the entire measurement
frequency range of your measurement and place the values into the Active register, the calculator
can now be used to apply the reference data to your register containing the original measurement
data. See the REFhorn.txt file located in C:\DAMS.

Instructions
1. Make your antenna measurement and proceed to the Data Processing section.
2. Store your measured data into REG1
3. Click “Import Reference”
4. Click "Load from notepad file” and select your reference data file.
5. Wait until you see "Data loaded” and press “Continue”.
6. The "Import Reference” button is now green indicating that reference data is present.
7. Reference data can be recalled into the active register for additional operations but is not
required for basic gain transfer calculations.
8. If the path loss data has already been calculated you can now proceed with the Gain Transfer

A NOTE: See following page for example reference data.
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Example Reference Antenna File

Example Reference Data

Example is for a 1-18 GHz horn.
Standard .TXT File
FORMAT: frequency(in ghz) (tab) gain value in dBi

1 6.7
1.5 8.7
2 7.3
2.5 8.1
3 8.9
3.5 8.7
4 9.6
4.5 9.6
5 8.7
5.5 9.4
6 9.4
6.5 9.7
7 9.6
7.5 9.8
8 10.4
8.5 10.6
9 11.3
9.5 11.1
10 11.6
10.5 11.3
11 10.9
11.5 10.6
12 11.6
12.5 11.2
13 11.7
13.5 10.8
14 11.2
14.5 11.1
15 12.2
15.5 12.9
16 12.5
16.5 10.7
17 9.8
17.5 9.4
18 9.3
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Calculating & Applying Path Loss Data

Introduction

You can calculate the loss for the given distance between two antennas using the path loss calculator.
This process is nearly the same as importing reference data. The instructions below will show you
how to simply apply the path loss data to your measurement and save that data into a new register.

Instructions
1. Make your antenna measurement and proceed to the Data Processing section.
2. Store your measured data into REG1
3. Click the "Calculate path loss” button
4.  Enter your desired distance into the window and select your designator, the press calculate
5. Wait until you see "Data loaded” appear and press “continue”
6. The "Generate Path Loss” button is now green indicating that path loss data is present.

7.  Path loss data can be recalled into the active register for additional operations but is not
required for basic gain transfer calculations.

8.  If the reference antenna data has already been imported you can now proceed with the Gain
Transfer or Gain Substitution module.

Ise A cepeldio
Use 521 Phase REGO
Specify Fixed Path Loss(dB)= 0 Calculate

Use Laser Boresite Tool -
36 T

Inch

Feet

Miles
Centimeter
Meter
Kilomeaters.

&
£
<
£
<
<

T 468G 486G 5G 652G 554G 586G

Frequency

Continue EXIT
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Efficiency Measurements

Introduction

This module calculates the efficiency of a spherically measured antenna, the TRP can also be
calculated if the transmit power is known.

For optimal efficiency measurements it is required to make a full spherical measurement with the
reference antenna in both the horizontal and vertical polarizations (H+V Total Power).

Prerequisites

1. Calculated gain data must be recalled into the active register prior to running the efficiency
module.

2. If Total Power data is desired, the calculated gain for both polarizations must be located
in Regl and Reg2 and the "Total Power"” button can be used to combine both measurements. The

result will be stored to Reg3.

3. S22 (reflection data) must be stored in Reg4 if you wish to de-embed the data.

Efficiency
Efficiency = TRP(dBm)
20 5 18
T 5108, & Efficiency % 70 ERE:
£=- Z Z 2l '”'Q\)Cos(a_\r) ]
INM T F BG; 60 3 -2
N = number of EL cuts Add Label J 22
M = number of Az cuts 50 ]
2 - 24
S5(By. 0y) _ 40 E
=Measured Link data E Add Label E
PL = Path loss a0 4=
GT = Ref antenna gain 4 28
AddLabel 2 E
Efficiency is calculated using AUT gain data in q 2
.. 10 ] a2
REGO ) TRP B
REGO = Gain Data o d a4
AUT 522 may be removed. Measured 522 data 246 242G 244G 2,466 248G 2.56
must be present in REG4. 522 data may be of
Hold Plot
lany size or shape as long as the frequency Auto Scale| ol | I I Frequency
extents are identical to REGO gain data. — | x2453G Marker Trace v 722
Integration is performed over the measurement
extents enableing faster beam measurements. ] k24496 v.-2.481
X X 4M v 74.68
'TRP (Total Radiated Power): With a given input
nrurar TRP iz tha cim of all radistad nowar ot 2
Power(dBm) Optional (S22 required)
Efficiency Model [~ OverlayAUT loss & Rr
0 I~ Remove S22 (REG4)

Sourc:

Trace Color

Calculate 4 Traced

< Tracel

¢ Trace3
Exit <

H-+V Total Power
Trace Data to Excel
Plot with GNUPlot

\" Directivity to REG=== |2

Power metar

N'JT gain AUT Re
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Multi-Trace Plots

Introduction

The DAMS Polar plot module includes an over frequency plot which is capable of
multiple trace plots. Once a multi-trace plot has been generated it may be exported to
excel or plotted with GnuPlot.

Multi-Trace Polar Plots

1

HwnN

5
6
7.
8
9

10.
11.
12.
13.
14.

15.

Have your desired measurements in the proper registers. Note: multiple registers are not
required as you can also select different frequencies of the same antenna to compare.

Open the Polar / Amplitude Plot, default should be in dB.

Set desired plot scale dB/Div.

Find the freq/register you wish to compare with the highest gain (this should be the first one as
we will normalize to this max value).

Make sure Penl is selected.

Press the normalize button, which normalizes the plot to this maximum gain level.

Press the first hold checkbox to the left of the polar plot.

Change to Pen2.

Select the next frequency/register for comparison.

Press the second hold button.

Change to Pen3.

Select your next register for comparison.

If desired, again select hold, then select pen 4 and load your last set.

Press Excel Export / Report, if your data looks good, Press “SEND TO EXCEL" or use “Plot with
GnuPlot” and select the Multi-Trace check box.

If you wish to do another comparison, press the Normalize button again to undo normalization
of the data. Also uncheck all the hold boxes and change back to penl before continuing.

Mame a0

| rREG1| REG2| REG3| REG4

Active Plot: REGD
Edit Traces

¥ No Pop Up
Azimuth Contours

)( AJIAZContourSI

Add Plot Label

MAX= 834 dB

225
MAX dB=6.9193 @ 360 Deg.
MM dB=-21.61 @ 236 Deg.
dB Min/Max Defta = 28.532 dB
Beamwidth: 88.08 Degrees

[ Export piotiw scales only

- >
/ Display Settings

Plot Scale: 6dB/Div

Frontto Back: 19.76dB | 270
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Multi-Trace Over Frequency Plots

A NOTE: It is important to follow these instructions in the exact order specified to ensure your

exported plots and data match.

1.  Ensure your desired measurements are in proper registers. Note: multiple registers are not
required as you can also select different frequencies of the same antenna to compatre.

2. Open the Polar / Amplitude Plot, default should be in dB.

3. Press the "Over Frequency” Button, be sure 50% size is selected

4.  Move the plot over the polar plot itself to have access to the sliders and pen settings.

5. Using the polar plot sliders, find the first AZ/EL position for which you want to display

6. Ensure Penl is selected in the main polar plot window.

7. Press the first hold checkbox in the over frequency plot.

8. Change to Pen2.

9. Select the next Az/El (or another register for comparison).

10. Press the second hold button.

11. Change to Pen3.

12. Select your next register/point for comparison.

13. If desired, hold, select pen4 and load your last set.

14. Press Excel Export / Report, if your data looks good. Press “SEND TO EXCEL" or use “Plot with
GnuPlot", where you will have the option to enter trace descriptions.

15. If you wish to do another comparison, press the Normalize button again to undo normalization
of the data. Also uncheck all the hold boxes and change back to penl before continuing.
Amplitude vs Frequency For Az-El Slider Postions. Use Polar Plot Refresh to update

W 20L0g Ymin Ymax Plot Title Here
Amplitude Phase W Auto Scale
) — 200 Pen1 (az,EL})
1. N
fitle 8 ] Pen2 (az.EL)
"
7 :
[v Hold — s0
3 Pen? (az,EL)
ﬁ ¢
¥ Hold 4 =0
5 4 Pen4 (az EL})
e
4 .
¥ Hold o180 < 100%
= 1. % 50%
Trace4 3 1| Use Polar Plot Refresh |+ 200 ¢ 259
4.6G 4.8G 5G 5.2G 5.4G 5.6G
[ Hold
Print Frequency
¥ 5.08G y.7.79
| x 508G Y. 7.79
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GnuPlot Polar and Amplitude Plots

Introduction

Certain measurement plots and data can be plotted using gnuplot which was installed
with your software. Gnuplot produces multi-plot, publish quality plots. Below is
information on which sections of antenna measurement studio support Gnuplot

2D Polar GnuPlot

S—
a0
Frequencyl  pzimuth  Elevation | rec1| Recz| REG2 REG4i /-'_jF_-\\ . % ho Pop U
oM B0 [H|[[ 0 i S
- IRE1E o
8 Plotting with GNUPlot o
6 Note: Requires GNUPIot fo be installed to e:\gnuplot with the "binary" folder being c:\gnuplof\binary (installed by defaulf with
DAMS)
4 This Module will plot the most recent trace using GNUPlot.
MultHrace mode plots all displayed traces with a simple sumary.
< Features:
- Beamwidth or Total Angular Arc calculation
L= | @ Mow/Min AR @ Anala and Mavibin dakn aalaolafins &

Clear Don't Plot I

CISPR 18-1-4 Limits
EEILE % PolarPlot ¥ Multi-Trace — ]
Keep | Normalize | ‘ i | [PotarPiot ¢ XYAmpltude % Disabled
_ 1 < E-Plane
il - = = = < H-Plane
Name / Details I Date/Time | P Label |
GoTo Max Signal ! [More Details ‘ [324/2019 8:09:00 PM | |Horizontal |

Over Freq F'mtl

=
IE

[v Plot Beamwidth Lines (single trace)

[ Reverse Colors (single frace) [ Disable Key (multi-trace)

PLOT BATCHPLOT

I~ Custom Scaling ™ Limit Box Enable
Amplitude Plot
_Ampitude Pt | . _Aavenced Setings | Limit Box Seftings |
| Clickto change | 4
umusl <
- MAX dB= 24 781 @ 180 Deg.
e <20 ™ Hald
‘!' Direct Compare ‘ o MIN dB=-137.3 @ 30 Deg.
P ——— @B Win/Max Detta = 162.11 d8
|I” FullElevation Cuts | 2] El
— Auto Scal Beamwidth: 77.82 Degrees
| Beam Width Setting | Jeitiin
m Center: (0, @0) Print I Excel Report / Export |
Click Marker To Next Galor > |V:| 2522 | 48 |
Smith Chart {311} Reg [a —]] =2 | |
Edit Dat: Marker2
4th Orcer Smootn | FieqUiency Average| | Edit Data @ Matke

S~}

Frontto Back: 0.00dB 270

N2F Peak Gain | .S1P Export| Trace Datato Excel | | Fiotwitn GriuF ot |

T
™ Export plotiw scales only
—
Display Ssttings

Plot Scale: 10dB/Div

— < Besmwidth OFF A
| ¢ Beemwigthon ||

0

LB

Marker 20Log Delta dB

|__ Freq Trace Expudi

Marker Delta Angle

Beamwidth Lines (single trace only) - Plots 3dB beamwidth lines on the single trace

gnuplot.

Multi-Trace - Check this box when you have multiple traces selected in the polar plot.

XY Amplitude - Cartesian XY plot of amplitude over rotation.

CISPR 16-1-4 - Generates CISPR Compliant plots (requires data to be collected as
specified in CISPR standard)
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Polar / XY plot examples

Certain measurement plots and data can be plotted using gnuplot which was installed
with your software. Gnuplot produces multi-plot, publish quality plots. Below is
information on which sections of antenna measurement studio support Gnuplot.

NOTE: Gnuplot will auto-sense whether a polar or over frequency plot is being

displayed and display the appropriate menu!!

| gnuplot graph - m] | gnuplot graph
Polar Plot
10 W g0
110 70
120 60
130
130 “10 50
140
140 40
40 150
150 30
160
160 20
170
170 10
180
- 180 0
190
190 350
200
200 340
210
210 330
220
220 320
230
230 310
240 300 250
250 290
260 o7p 280 [ ' '
| ' ' ' ' ' |
Name: More Details
Name: More Details Frequency: 2952.5 MHz Date/Time = 3/25/2019 5:56:13 PM
DatefTime = 3/25/2019 5:52:38 PM MAX dB=-22.23 @ 360 Deg. Plot Scale: 5 dB/Div
Plot Scale: 10 dB/Div MIN dB= -71.66 @ 95 Deg. Polarization: Horizontal
Beamwidth: 46.46 Degrees dB Min/Max Delta = 49.434 dB
0.140162, 1.43768 1.14302, 1.32979

a
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280 270
[
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280
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4600 MHz ——

MAX: §.25 Beamwidth: 88.18
MAX: 735 Beamwidth- 84 63
MAX: 5.22 Beamwidth: 77.31
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X

4] gnuplot graph

Amplitude (dB)
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Frag 1
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222.727, 5.00406
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Over Frequency Plots (Launched from polar plot)

Over frequency plots follow all of the same procedures as the polar plot regarding
single or multiple traces. The Over Frequency plot has the ability to change the trace
descriptions, the default value is the AZ/EL position of the over frequency trace

Amplitude vs. Frequency Plot

- Generates a gnuplot XY plot with up to 4 traces
- Custom Title and Key Labels can be set below

Flot Title

keylabel 1

IAmpIitude vs. Frequency

PLOT

(/1) 0.5/

keylabel 2

|2z 1 EI)y: (20,-5)

keylabel 3

2z 1 EI): (28, -5)

keylabeld4

|2z 1 E1): (38, -5)

ﬁ gnuplot graph

Amplitude (dB)

Amplitude vs. Frequency

q

gt

7

44 46

4.48323, 8.89095

48

§

Frequency (GHz)

52

54

56
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Saving Plots

Currently the default format for direct save from the GnuPlot window is .EMF
format, this is a vector format that can be opened by a number of graphics editing

applications.

To save a plot
1. Right click the upper left icon of the plot

2. Select Options — Save as .EMF
3. Select the save location and press save.

& gnulaund

4| gnuplot graph
o (= Polar Plot

Move

-]

Bring to Top
Color
Copy to Clipboard (Ctrl+C)

Background.
Choose Font...

Batch Plotting

Batch plotting will export a polar plot of every frequency in the data set. Currently the
only directory that files will be saved to is CADAMS therefore it is important to move
the files into a new folder to prevent the clutter of the C:\DAMS folder

Range Types
Range All frequencies between the start and stop frequencies
CcW Selects a single frequency
List Select a list of point with any spacing

Freq. Range

Build Freq List |53689253950620

Begm Batch Qutput
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Measurement Calculator / Register Math Function

Introduction

Use this option to perform arithmetic operations on the measurement registers. For
example if you make measurements on one antenna and wish to compare the results
to another antenna at each point of rotation and each frequency. Or if you have a
calibrated reference antenna an wish to normalize additional measurements to the max
or min value of the reference antenna. Remember all measurement data is linear so
you may want to "LOG" the data before doing math. If you select MAX or MIN then all
measurement elements will be replaced with MAX or MIN. This creates a normalization

reference if you do your math correctly.

Register Math / Calculator Screenshot

Register Math E Calculator Status
Linear Yector Reg0 Linear“ector Reqg0
r I
10Log{RESH) Reg? - 10Log{REGH)
REG#? Reg3 X REG#2
SERTIREGH Reg4 SORTREGH
REGH{MAX) REGHMa) K= [5.0127 I:TD p——
REGx(MIM) REGx(Min
1IREGH] 1REGH

Advanced CE|EILI|EITEII’| o

Understanding the Register Math Functions

Measurement data is initially stored in the Active register when you leave the main
software page and enter the advanced processing section. When you proceed to the
Data Processing Feature you have a choice of 4 additional registers in which to store

RegO.

A NOTE: Measurement format is: dataReg0-4[Mag,Phase,(Hpos,Vpos),0/1,freq]

Each time you press the Reg calculator =

sign the results are save to the Active

Register. You can then save those results to any one of the 4 original Regs. Be sure to

have saved the original to disc as it will be over written.

Math Functions

Linear When highlighted the Reg# to the right is to be used as S21 in vector
format arithmetic is performed using vector components
LinearMag When highlighted the Magnitude of Reg # to the right is to be Logged

(dB) and used as a scalar array in all arithmetic operations. The angle
information is remains in the original Reg# but is lost in the calculator.
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LOGmag

A2

SQRT

Max

Min

Constant

Clip Function

When highlighted the Reg# to the right is to be used as 10LOG(S21/2) in scalar
format The frequency S21 angle information remains in the original Reg # but is lost
in the calculator.

When highlighted the Reg# to the right is to be used in complex format and
squared

When highlighted the Reg# to the right is to be used complex format ~(1/2)

When highlighted the Reg# to the right Maximum Linear value is to be used in all
matrix arithmetic. This provides a good way to normalize measurements. The
frequency S21 angle information remains in the original Reg# but is lost

in the calculator.

When highlighted the Reg# to the right Minimum Linear value is to be used in all
matrix arithmetic. This provides a good way to normalize measurements.

The frequency S21 angle information remains in the original Reg# but is

lost in the calculator.

Use the constant option to +-/* a constant to the first register set (left) This
is useful when you wish to add level shifts such as 3dB for HV polarization
measurements not accounted for anywhere else.

Use this to create a threshold level. A ZERO value clip causes software to ignore clipping and resume
normal calculator mode.
For example lets say the you wish to not include data points smaller than some low level value such

as <-50dBM.

Enter the value -50 into the constant window Understanding the Register Math Functions and
highlight “Clip". This will operate on only the data from the first set (left of the +-*/). Any magnitude
values LESS that the clip value will be set EQUAL to the clip value.

A NOTE: The plotting functions will be affected by the clip value. Use this to scale and expand

the plots. Notice also that the calculator can be used to change the plot scales from

linear to log or to add offset to measurements.

TERM 1 MULTIPLIER Works with

LINEAR
linMag
LogMag

+,-
+I_I*I/

+ %

AN

TERM 2 MULTIPLIER
All functions above plus Constant

A IMPORTANT: Not all combinations of math are possible. Ensure you have same size

data array.
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Exporting Data for Howland N2F Software

N2F Software Compatibility

DAMS Antenna measurement studio can be used to collect an export spherical near
field data to be processed using 3RD party N2F transform software.

Exporting Calibration or AUT scan data for Nearfield Processing
Make a spherical scan at your desired frequency range and axis resolution, you will need a scan at
horizontal position and a scan at vertical calibration. Non Symmetrical axis resolution will generate
an error in the Howland software but will still process data. Store one polarization to REG1 and the

Other polarization to REG2 Located under “Register Utilities” in the DAMS software you will find N2F
data export, when this is selected you will be presented with the screen below:

N2F Data Export Screen

1. Browse and select the export file location, .txt format is required

2. Select your frequency to export

NOTE: Greyed out areas are mandatory / auto-filled other fields are not required but can be viewed
within the N2F software and are useful for making notes about the measurement.

Ismgle ETEqUEncY |nte¢ @

T — | — o — o —
I —— T —

—(—
—
— —
e P— p—
S
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Example .N2F File

Howland Wireless Test Lab Ver: V5.02
Date: 3/19/2019

Time: 9:03:27 AM

File Name: C:\DAMS\n2fCHbalCal.txt
File Type: Single Frequency

Antenna Pattern Test

Network Analyzer Measurement
Measurement Mode: Relative
Calibration Standard Antenna: None

Device Under Test (DUT): Dut Antenna
DUT Test Position: Free Space

Test Type: Discrete Test
Test Duration: N/A
Test Comments: Comments

Axis2 VPOL Antenna: Enter
Axis2 HPOL Antenna: Enter
Axis1 Antenna: Device Under Test

Axisl Equipment: HP8722
Test Frequency: 32000 Mhz
Output Level: Enter
Frequency Count: 11

Start Frequency: 25000 Mhz
Stop Frequency: 35000 Mhz

VPOL Equipment: HP8722

HPOL Equipment: HP8722

Network Analyzer Bandwidth: Enter
Frequency Dwell: N/A

Axis1 Name: PHI

Axis1 Start Angle: 0.000
Axis1 Stop Angle: 360.000
Axis1 Increment: 2.500
Axisl Speed: N/A

Axis1 Dwell: 0.000 Sec

Axis2 Name: THETA

Axis2 Start Angle: 0.000
Axis2 Stop Angle: 165.000
Axis2 Increment: 2.500
Axis2 Speed: N/A

Axis2 Dwell: 0.000 Sec

*kkkxx Insertion Loss Measurement Results *rxxxssx
Network Analyzer Response Correction: OFF

H-Pol H-Pol V-Pol V-Pol
THETA PHI Mag Phase Mag Phase
(deg) (deg) (dB) (deg) (dB) (deg)

0.00 0.00 -23.160 -15.97-49.198 -10.83
0.00 2.50 -23.142 -18.10-42.728  -3.89
0.00 5.00 -23.119 -18.19-39318 -5.44
0.00 7.50 -23.273 -18.65-37.028 -1.30

0.00 10.00 -23.340 -18.38-34946  -435
0.00 12.50 -23.385 -18.40-33.639 -479
0.00 15.00 -23.530 -19.24-32.099  -4.50
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Exporting Peak Gain data for Nearfield calibration / correction

Similar to the reference import format for the DAMS software, the N2F software requires a specific
format for peak gain data, this data is used for the substitution style calibration of the N2F software
this file is used in conjunction with the antenna that you used for the channel balance measurement

/ calibration.

N2F Peak Gain Export

Load or recall the desired data set into the DAMS Software, this data will contain over-
frequency data for your calibrated antenna.

Load the polar plot and select “Over Frequency Plot'.

Navigate to the desired AZ/EL position which contains the Peak or calibrated gain data. While
the over frequency plot is displayed, press the N2F export button in the main polar plot.

s

.
(5]
[

P

N2F Peak Gain Export X

This module exports the current over frequency trace from the
Amplitude Frequency plot into a format compatible with Howland
N2F Software for gain correction after meansuring the chamber

___Frequency[MHz]  V-pol Gain (dBi)

| Amplitude vs Frequency For Az-El Slider Postions. Use Paolar Plot Refresh to update
¥ 20Log :
Al M TR Ymax [Plot Title Here
I Amplitude Phase | ¥ AutoScale
25 — 300 Pen1 {az.EL)
< 150
title 20 ] Pen2 {az EL})
" 1"
I~ Hokd - s0
= ] Pen3 {az,EL}
1" K
A mlih | 50
M2F Peak Export
— 5
" Hold
Rdl | | | |
% ARSI NN W [TV TN N Y U N S
TR 4| Use Polar Plot Refresh
15G 256 15G channel balance.
I Hold
Print Frequency
x 26,256 y.18.74
| | x 26250 v 18.74 000.
| MAXGE=T125T0 @ U Deg. 001:
| MIN dB= 14.205 @ 360 Deg. | =
| dB Min/Max Delta = 0.2148 dB ggi:
L Beamwidth: 360 Degrees Front to Back: 0.21dB 270 T 005:
2 : 006:
(0, @0) Print | Excel Report/ Export | MNZF Peak Gain 007
T i 008:
00g:
010
011
012:
013

18000 1451 =
18110 12,478
18220 14505
18330 15491
18440 15235

18550 15144
18660 15533 Export
18770 14.850

18880 16.417
18990 15579
19100 16.081
19210 16.517
19320 16.293
19430 15767
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Example .N2F Peak Gain File

mj peakexport - Motepad

File Edit Format View Help
Peak Antenna Gain
Frequency [MHz] V-pol Gain (dBi)
18@@@  14.296
1811a  14.891
18228 16.864
18338 le.308@
18448  14.957
18558  15.143
18668  15.299
18778  16.263
18888 15.814
1899@  15.958
1918 16.174
19218  16.85%9
19328 15.714
19438  15.99@
19548  16.544
19658  16.819
19768  16.191
19878 16.732
19988 16.276
2gg9a  1b.618
2e2e@  16.817
2831a  1s6.783
2@428  16.955
28538  16.985
Z2epde  17.878
28758  16.98@
2@868  16.877
2g97a  1b6.899
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Exporting Data

Export Methods

The DAMS software offers you 2 ways to export your data. We refer to them as the

"REGISTER EXPORT" which will export your entire measurement set over the entire

horizontal/vertical axis and over frequency and the “SINGLE FREQUENCY" export which

can be found in the “Polar and Amplitude” plot function in the Data Processing section.
Single Frequency Export Instructions

Available in the Polar/Amplitude Module.

After loading the Polar Plot, select desired frequency and click “Export Data”. You will
be prompted to select a file name.

EXPORTED DATA EXAMPLE

I Saturday July,16 2005

' Freq = 896MHz Elevation = 0

I Azimuth S21mag S2lang
0 0.0169 86.8
5 0.0146 81.6
10 0.0151 829
15 0.0141 814
20 0.0135 819
25 0.0129 824
30 0.0123 82.8
35 0.0114 84

Register Export Screenshot

This feature is located in the Advanced Processing window under “Register Utilities".

Register Data Export

Dataset loaded

Hariz. Start | Horiz. Stop | | Horiz. Den. per Meas | Horiz Measurements | 1387—
0 360 5 73 .
Vert. Start | Wert Stap | Degree Spacing | #steps |
45 45 G 19 800

StartFrequency | _ Stop Freguency |
200 MHz x| |d 000 Mz EXPORT

i
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Register Export Instructions

1. Under the "Register Options” pull-down located in the data processing section, click "Register
Export” button and select one of your 4 data registers that you would like to
export.

2. Verify the parameters are correct and select your desired frequency range to export.

3. Press the Export button and choose the file to export to.

A NOTE: Some programs have a limit on the number of columns that they can input. If
importing fails, try reducing the number of frequencies that are exported.

Example Exported File

Azimuth Elevation Freq.1 Mag Freq.1 Phase Freq.2 Mag Freq.2 Phase

I C:\DAMS\Advance dExportitestexport. txt

hzimuth Elevation 254000000 260000000 -
0 —a5 0.0073289955 E6. DOLSE 0.0075925113 —46.104067
5 -y 0.0086556963 38083739 0. 0067356808 -64.358885
10 -5 0.0083223858 35090263 0. 0061538937 -62.53108%2
15 e 0.0056502828 37393564 0. 0055037651 —67.34594
z0 e 0.0058736247 3932346 0.0057624272 -61.984988
z5 —a5 0.0056197749 3932101 0.0055511257 —61.766101
20 —a5 0.0053924567 39. 168881 0.0049243659 -60.207288
a5 -y 0.0051554658 35407125 0.0051107474 —62. 164654
40 -5 0.0050164525 38297067 0. 0048506071 —64.315777
45 e 0.0047651881 36. 379346 0. 0046334458 —66.482573
E0 e 0.0044033717 35654601 0.0043345237 -66.733488
EE —a5 0.00402892321 33. 845266 0.004052478 -62.71829%9
&0 —a5 0.003853513 30926909 0.0037650155 —73.047278
65 -y 0.0036035837 26292688 0. 003521638 —77. 165236
=
“| | »

Importing Register Export Data into Excel

The data generated by the Register Export feature is directly importable into EXCEL by following the
steps below.

Open Excel. Select File — Open. In the file type pull-down menu, select “Text Documents (*.txt)"
to easily locate your file and click “Open”.

2. In the box labeled “Original data type”, select “Fixed Width" and click “Finish”. Additional options
can be set but are not required to complete import.
3. Your data should open segregated into individual cells within a new Excel Workbook.

e | testexport. txt

8]

A B E D E F E H I J K L M N =
1 [Azimdth_Elevation | 8.54E+08 B.6E+08 B.6EE+00 B.72E+08 8.70E+00 B.B4E-+08 B.9E+08 —
2 T -45 0007339 5600155 0007593 461041 0006929 -143368 0006743 1234386 0007748 4041213 0009108 -539315 0010393
3 5 -45 D.0DBGSG 3808374 0006735 -54.3580 0005624 -1G3G68 0004347 1156173 0006215 3270006 0007523 -52.2365 0008727
1 10 45 D.0DB323 3009077 000154 625311 000525 158609 0004892 1223427 0006338 37.30346 0007641 -58.6741 0008913
5] 15 -45 000565 37.39356) 0.005504 0 -B2.3499 0.004597 -155.447 0004535 1277777 0.005189 40.85088 0.007455 -56.3237 0.003653
B 20 -45 0005874 39.32346) 0.005762 -61.985 0.0045313 -158.4658 0004525 1255857 0.008961 32.78112 0.007245 -556458 0.003543
7 25 -45 000562 39.32101) 0.005551 -B1.7661 0.004621 -158.996 0.0042371 126.2276 0.005782 41.99935 0006954 -54.266 0.0083297
g 30 -45 0005392 39165855  0.004924  -60.2073 0.004465 -158.616 0.003243 1256671 0.005306 43.07865 0.006655 -53.0356 0.007945
g 35 -45 0005199 3940713 0.005111 -621847 0004198 -158.593 0.003625 126.3697 0.005105 44.35955 0.00635 -51.4501 0.007661
10 40 -45 0005016 38.29707| 0.004821 -64.3158 0.003845 -161.7 000336 1261821 0.004705 4589377 0005981 -49206135 0.007213
11 45 -45 0004765 36.32935) 0.004633 -bb 4826 0003674 -164.155 0002866 1256513 0.0043587 47 48266 0.005615 -48.6861 0.006793
12 a0 -45 0004403 356546 0.004335 -66.7335 0003356 -167.155 0.002556 125.0053 0.003944 48595079 0.005145 -46.7321 0.006339
13 5 -45 0004029 33.84527 0.004053 -69.7183 0003128 -170157 000219 1227735 0003503 51.88093 000475 -45.0395 0.005946
14 1] -45 0003354 3092691 0.003765 -73.0473 000288 -176.052 0001741 119.9528 0003145 528595 0.004247 -43.0754 0.005423
15 65 -45 0005604 2529269 0.003522 -77. 1652 0.002594 1788517 000136 116.2999 0002681 5551167 0.003525 -41.0469 0.004385
16 70 -45 0003392 2230506 0.003295 -33.8062 0002459 1691895 0.001057 103.8079 000229 58.20725 0.003434 -38.97 | 0.00443
H 4 r M} testexport / [+ | Pl
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Excel Report - Polar Plot and Over Frequency

Introduction

The Report function is located in the Polar Plot feature. 2 Methods are offered

for making a printable measurement report including a polar plot and antenna
information. After you have plotted your antenna at the desired frequency and applied

any other settings (DB, Markers, scale, etc) press the Printable Report button.

Excel Export Screenshot

Excel Export

Plot Preview

Polar/Amplitude Export

Date / Time 941 1/2008 10:19:32 PM
Measured By | |M. Hillbun

AUT Name shand_patch_| a
Polarization || Horizontal
Distance Distance

Notes | |Palar Radiation Pattern - A1l 4 gains

Fregquency:: 2000000000
Data Format: Linear

AZ [ EL: AZimuth
Extents: AZ 0-360 EL-80

Export Type R - - )
Reportwith Data - SEMD TO EXCEL " ' |
T ity sa s | b 203 ke
5 I
Traces Normalized to 1
Trace 1 Mo Desc Trace 2 Mo Desc Trace 3 Mo Desc Trace 4 Mo Desc Trace 5 Mo Desc

Data Export Options

) Mo Data Mo Data Mo Data No Data
Min Yalue: 0.00761551 8290
flax Value: 0.00887 3665587
Avarage: 0.00826174919418
I |
. 2| Flip Data Rows
DATA  (MAG , PHASE ) DATA  (MAG , PHASE ) DATA (MAG , PHASE ) DATA (MAG , PHASE ) DATA (MAG , PHASE)
[8.368M, -2.446) -
(8158, -0.9475)
(8.067m, 0.9145)
(8.088m, 1.788)
(8.01m, 2.682) Mo Data Mo Data Mo Data Mo Data
(8.038m, 3.035)
(8.163m, 3.154)
(8.57m, 3.953)
(8.815m, 5.208) ﬂ
Features & Options
Report and Data Generates a two-page Excel spreadsheet containing plot
with trace details on page one and actual trace data on
page two.
Report Only Only exports the image with trace details such as min., max.
or avg.
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Data Only

Flip Rows

Include Efficiency Box

Export Types Examples

Exports a multi-column sheet of all displayed trace data

Should you want to reverse the data plotting direction, this will reverse
the direction of the measurements made. (Example: 0-360 becomes 360-0)

If the Efficiency function has been used this option becomes selectable.
You may choose to export the efficiency trace numbers along with the
standard trace data.

Sheet 1 - Plot Image with Trace Details

Mo Desc

F; 60726
ElL_&
Mo Desc

A | B I C | D | E | F |
AUT Mame: shand_patch_rx_ W dat Measured By: M. Hillbun
Polarization: Horizontal Date / Time: 9/16,2008 12:04:20 AM
Distance: Distance Motes: Polar Radiation Pattern - 4 Trace
/}\
rd )
s
/ /
;S
;:"
MAX 265

Flgama |
El.__4
Mo Desc

F:[84820 |
Bl

Mo Dest

F: 50840
Ell_&
Mo Desc

[ T o o e e e e et el el el el g

Fis084G |
|
Ao Sk Piot Scale: 1008w
Cenler: (0, @0} Fef Radius: 1
F=IFkn =
5 —iro 0
(] Marker 20Log Delta dB Marker Delta Angle
33|
40 |Trace Mo Desc Mo Desc Mo Desc Mo Desc
41 [Freguency a072 Mhz 5112 Whz 5152 hhz a054 hhz
42 |Format 20Log 20Log 20Log 20Log
43 Az L El Azimuth Azimuth Azimuth Azimuth
44 |Position AZ0-360 EL -5 |AZ0-360 EL -5 |AZ 0-360 EL -5 [AZ0-360 EL -5
45 | Gain Min. -71. 746902 -73. 179115 -57.007311 -58.735058
46 | Gain Max. -26.612587 -27 BE3432 -27 245524 -25.809033
A7 | Avg. Gain -36.358196 -38.014940 -36.945162 -36.512714

(Continues next page...)
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Export Types Examples (Continued)
Sheet 2 - Trace Details

Microsoft Excel - Antenna Report
@ File Edit Yiew Insert  Formak  Tools  Dats Window  Help  Adobe PDF

i Fe (3 oS8V % LB S8 -] LA 100 - @ Wl

el Sl -

14 - A Phase

A | 8B | ¢ [ o [ & | F | 6 | H [0 ] J

Trace Data
Tracel Trace2 Trace3 Traced
) @.0) 0.0 0.0
Fosition  Lin Mag  Phase Lin Mag Phase Lin Mag Phasze Lin Mag IF'hase _l
0 0.007361 -B7.5917 0.005206| -117.579 0006855 -153.691 0.005267 -36.3445
5 0.00520% -58.0301 0.008093| -105.939 0008737 -150.0582 0.008403 -39.6037
10| 0.009542 -57 5861 0007122 -102.303 0009115 -147.308 0007886 -39.5329
15| 0.011466 524239 0008524 97 476 0011247 -147.085 000957 -37.7113
200 0.013007 -52.5104 | 0.010205| -101.503 0013149 -145345 0010533 -35.4399
| 10 | 25 0014585 -51.0898 O0.01167| -95.6848 0013576 -148.943 0012823 -39.0438
| 11 | 30 0.0MBE37 -50.0658 0.014224 99E9 0016044 147877 0.015302 -37.0359
2 35 0.019091 -51.5288 0.016607| -99.1031 0018045 -148.446 0.017097 -33.4045
3 400 0021823 -52.M25 0.018827| -100646 0021129 -147 679 0020659 -33.944
4 45 0025042 -51.9976 0.021752| -99.7307 0.02401 -147.361 0.023824 -33.9166
| 15 | 50 0.027866 52776 0.024536| -100.362 0026041 -148.106 0.026343 -40.728
5 55 003034 -52.5362 0.027517| -101.633 0028933 -149.316 0.029612 -41.2081
7
g
9
0
2

1
2
3
4
5
5]
7
o]
g

—_ —
—

s

—_

—_ =

B0 0.033313 -54.594 0.030075 -102.216 0031572 149457 0.032713 -42.0117
65 0.036675 -55.4300 0.032268 10221 0034435 -151.599) 0.035363 -43.0494
70 0.039561 -55.5565 0.03514 -104.157 0037246 -153.057) 0.035099 -44.9057
75 0.041415  -56.593 0.037721 104121 0.03951 -153.71) 0.040355 -45.3511
50 0.043574 -55.4382 0.039965 -105.754 0040936 -154.904) 0.042552 -47 6425
ga 004n14s -AF AR 0040078 104 AR5 O 0430161 154 8009 0 044791 48 305

—_

—_

==

2

1
21

2

Excel Sheet Settings - For Excel 2013 and International Customers

Excel 2013 Customers: In Excel, click file then options, change the default number of sheets to 3

International customers: You may experience issues with exporting data to excel due to default
sheet names in a foreign language. We have added a feature to enter the sheet name as shown
below. This is located within any of the Excel Export menus. Once it has been changed, it will save

with the DAMS software settings.

“JIE =|Sheetiames =lxl

Excel Sheet Name E
If the version of Excel that vou are using does NOT use
default sheet names such as sheetl and sheet2, you may =
enter alternate names below. These settings will be
permanently saved upon pressing the "QUIT" button to ||
exit the dams software =

|sheet1

|sheet2

Cancel
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Group Delay Function

Group delay is the derivative (slope) of the transmission phase angle. For passive
circuit elements, the group delay is linear and may be calculated from two
measurements. It is important that the ratio of the frequency delta-wavelength is less
than the physical distance between the measurement. If this is not the case, either the
frequency resolution must be increased or the delay will need to be integer-scaled. The
scale integer is INT(d/wavelength). Wavelength is the specific wavelength associated
with the difference frequency (or step frequency). Periodic spikes will occur in the
group delay plot. Non-periodic spikes represent the Multipath or some other source
of distortion.

Be advised this software does not perform vector corrections for free space
measurements. The corrected group delay is only applied to the display. Use the
"EXPORT" button on the display to save the display values to disc.

AIMPORTANT: If you have made measurements and saved them to the disc (or into a Data
Register), they will NOT be corrected for system delay but WILL be corrected
for system loss. We advise noting this in your file document item to
avoid incorrect displays, or re-save. To correct the group delay (locally) check
the radial "Correct for system delay” (on the left). The plots will automatically
update allowing you see both the corrected and uncorrected profiles.

Group Delay Screenshot

GroupDelay and Path Propagation over frequency, Measurement

Min Mean NES

Measurement #

30 =

Group Delay

@ ns
< Feet
< Ineh

| 0 ;I Fric 226 2406 2B06 23806 26 ?:
Fraaza| T'rra-,~;| Freguency (MHzZ) Exit

Auto Scale

Clear
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Troubleshooting & Service

General Problem Solving & Maintenance Info
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General System Troubleshooting

Problem

Possible Causes

Solutions

Power supply light
on but controller is
not on

Power supply not connected
correctly, Power Switch is not
turned ON?

Check the above items and if all is correct, please

contact us for service.

Controller light is on
but positioner does
not move

USB cable not connected?
Driver not installed? Improper
port selection in DAMS
software?

Check all connections and reboot. Open “positioner
settings” and click “Find”. If controller not found,

go to: Control Panel — System — Device Manager
— COM Ports. Verify the DAMS Platform Controller
is listed. If not, follow the "USB Driver Installation &
Configuration” for x000 Series or “x100 USB Driver
Installation & Configuration” for x100 Series.

Only one axis is
moving

Loose cable connection?
Controller error?

With the controller off, disconnect and then reconnect
yellow cables.

Wrong axis moving

Reversed cable connections?
Improper positioner settings?

Verify all positioner settings within the software and/or
reverse yellow cables.

ERROR: Driver for
[instrument] not
found

Instrument not configured
properly in Agilent VEE
Runtime I/O configuration?

Read instrument configuration instructions. Contact us
if problem persists.

Out of memory

Measuring with too many
frequency points for physical
resolution settings?

Reduce the number of points, or limit the AZ / EL
extents.

Matlab Error

Is Agilent VEE Pro Runtime set
to run as administrator?

Open C:\program files (x86)\Agilent\Vee Pro Runtime,
right click veerun.exe and select properties, click the
compatibility tab and select "RUN AS ADMINISTRATOR”

Excel Export Crashes

Is Excel installed on PC?

Are there are least 3 sheets?
Do sheet names shown in
DAMS software match excel?

In Excel, click file, options and change default number
of sheets.

In DAMS software open excel export and click sheet
names, verify the names match the default sheet names
in excel.

If you are experiencing any of the above problems or an unlisted problem and cannot determine the
cause, please do not hesitate to contact us. We are happy to assist in resolving any issues.
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Warranty, Replacement Parts & Contact Information

Warranty Information

Diamond Engineering’s Antenna Measurement Systems are guaranteed from one to three years on
parts and labor from the time it was received by you. If there is an issue with the product please
send us a picture or write a very detailed description of the problem. If we determine that you have
a faulty unit or a bad part, we will ship you a replacement part or unit along with a pre-paid self-
addressed box to send the defective unit back.

Replacement Parts
If you ever need a replacement part for your unit, please call us or e-mail us for pricing information.
Most repairs are covered under warranty except for damages resulting from obvious abuse or misuse
of the product.

Contact Information

Visit us at http://www.DiamondEng.net

Main Headquarters

Diamond Engineering Inc

6051 Enterprise Drive, Suite 101
Diamond Springs, CA 95619

Phone (530) 626-3857
Fax (530) 626-0495

Mailing Address

Diamond Engineering Inc
PO. Box 2037

Diamond Springs, CA 95619

Diamond Engineering

Automated Measurement Systems

http://www.DiamondEng.net - Support@DiamondEng.net
PO. Box 2037 - Diamond Springs, CA 95619 - 530-626-3857



