User Guide

Anritsu Power Master™ Using
PowerXpert™

MA24507A, mmWave Power Analyzer, 9 kHz to 70 GHz
MA24510A, mmWave Power Analyzer, 9 kHz to 110 GHz

/inritsu

Anritsu Company PN: 10585-00029
490 Jarvis Drive Revision: C
Morgan Hill, CA 95037-2809 Published: February 2018

USA Copyright 2018 Anritsu Company



Title-2 PN: 10585-00029 Rev. C MA245xxA PowerMaster UG



Table of Contents

Chapter 1—General Information

1-1 Scope of Manual. . . .. ... .. e 1-1
1-2  IntroduCtion. . . . ..o e 1-1
1-3  DESCIiPtON . . . o 11
1-4  Software and Documentation . . . ... ... ... e 1-1
Related Documentation. . .. ... .. e 1-1
PowerXpert Program. . .. ... .. e 1-2
Microsoft® .NET Framework Version 4.0 . . ... ... ... ... . . . . . i 1-2
1-5  Initial Inspection . . . . ... e 1-2
1-6  Power Analyzer Identification . . . . ... .. . e 1-2
Customer Asset Tag Placement . . .. ... ... . 1-3
1-7  Preparation for Storage/Shipment . . . ... ... 1-3
1-8  Contacting AnritsU . . . ... e 1-4
1-9  Product Update Information . . . ... .. . . e 1-4
Chapter 2—lInstallation (PC Only)
2-1  IntroducCtion. . ... e 2-1
2-2 Hardware and Software Requirements ... ... ... . ... . ... . . 2-1
2-3  PowerXpert Application and Power Analyzer Drivers. . .. ... .. ... . ... 2-1
2-4  Installing PowerXpert . . .. ... e 2-2
Microsoft® .NET Framework Version 4.0 Installation . ... ............ ... .. ... ..... 2-2
2-5 Setting PowerXpert to Run in Windows XP Compatibility Mode ....................... 2-5
Chapter 3—Using Power Master with PowerXpert
3-1  IntroduCtion. . . ..o e 3-1
3-2  Connect Power Analyzer . ... .. ... . . 3-1
3-3  PowerXpert OVerview. . . .. ... e 3-2
3-4 Power Analyzer Modes of Operation . . . ... ... .. 3-3
3-5 Continuous Mode . . . ... . 3-4
3-6 Continuous Mode Settings . . . . ... ..o 3-5
Measurement — CW/Channel Power. . .. ... .. . 3-5
Centerfregand Span .. ... ... e 3-5
Relative . . .. 3-5
UNitS ..o 3-5
ReSOIUtION . . . . 3-5
RaNge . . . e 3-5
Measurement Hold . . . ... ... .. e 3-5
Graticule Display Settings . . . ... ... 3-6
Continuous Mode Numerical Display Area . . . ... ... e, 3-7
3-7 PowerHunter Mode . . . ... .. 3-8

MA245xxA PowerMaster UG PN: 10585-00029 Rev. C Contents-1



Table of Contents (Continued)

3-8 Power Hunter Settings . ... .. 3-9
Start/Stop FrequencCy. . . . ... 3-9
Start/Stop Freq Units . . . .. ... 3-9
UNiES. .« oo e 3-9
ResOIUtION . . ... 3-9
Set Minimum Power. . . . ... 3-9
Minimum Power. . ... e 3-9
Power Hunter Mode Numerical Display Area . .. ....... ... .. ... 3-10
Power Reading Display . . . .. ...t 3-11

3-9 Channel Monitor Mode . . . . .. ... 3-12

3-10 Channel Monitor Mode Settings . . .. ... ... 3-13
Measurement — CW/Channel Mode . ....... ... . . .. . . .. 3-13
SPaAN .. 3-13
UNitS. . oo 3-13
ReSOIUtiON . . . . 3-13
Measurement Hold . .. ... ... ... e 3-13
Channel Monitor Mode Numerical Display Area . . .. ....... ... .. ... 3-14
Channel Monitor Display . . . .. ... .. 3-15

3-11 Graticule Settings and Graphical Display Area. . . ... ... . i 3-16

3-12 Sensor Information Area. . ... ... e 3-17
=Y o TR 1= g T ) 3-17
AVEIAgES . . oottt 3-17
Offset. . 3-17
Apply Above Settings Button . . . .. ... .. 3-17

3-13 T00Is MenU . . . ... 3-18
ZEr0 All SENSOIS . . .\ 3-18
Capture SN . . . 3-19
Log Data . ... 3-19
Show Multiple Sensor Display . . . .. ... 3-21

3-14 Settings MenuU. . . ... e 3-22
Resetting to Factory Settings. . . ... .. e 3-22
NO Sensor Display . . . . ..o e 3-22

318 Help .o 3-23

Chapter 4—Power Analyzer Care

4-1  Introduction . . . . ..o e 4-1

4-2  Power Analyzer Precautions. . . . .. ... e 4-1
Avoid Over Torquing ConNectors . ... ... . e e 4-1
Avoid Mechanical Shock . . ... ... 4-1
Avoid Applying Excessive Power. . . .. ... 4-1
Observe Proper ESD Precautions. . . . ... ... e 4-1
Clean the ConneCtors . ... ... e e e 4-2
Avoid Damage to Communication Connectorand Cable . ......................... 4-2

Contents-2 PN: 10585-00029 Rev. C MA245xxA PowerMaster UG



Table of Contents (Continued)

4-3  RF Connector Precautions . . . ... e e 4-2
Handle With Care . ... ... . e e 4-2
Keep Connectors Clean . . ... .. 4-2
Checkthe Pin Depth . ... ... e e e e 4-2
Teflon Tuning Washers . . . ... . e 4-2
Align Before Connecting . . .. .. .. 4-2
Torque Properly. . ... 4-2
Coverthe Connectors . ... ... 4-2
Store Properly . . ... 4-2
4-4  Connection Techniques . . ... ... . e 4-3
Connection Procedure. . . ... ... e e 4-3
Disconnection Procedure . ... ........ .. i e 4-4
4-5 RF Connector Preventive Care. . . ... i e e 4-4
Visual INSPeCtioN . . . .. 4-4
Pin Depth Measurement . . . ... ... e 4-5
Pin Depth DIMeNSiONS . . . . .. ..o 4-6
Pin Depth Gauge. . . . ... oo 4-7
Pin Depth Tolerances . . ... ... e 4-7
4-6  Connector Cleaning . . ... ...ttt 4-8
Required Cleaning ltems . . . . ... .. 4-8
Important Cleaning TipsS . . ... e 4-8
Cleaning Procedure. . . .. ... 4-8
Chapter 5—Using the Power Master
5-1  IntroducCtion. . . ... . 5-1
Power Master OVerview . .. ... .. e e e 5-1
5-2  Basic Power Measurement. . . ... ... i e 5-2
Connecting the DUT . . .. ... 5-2
Zeroing the Power Analyzer . . ... ... . e 5-3
B-3  Ermor States. . . ... 5-3
Chapter 6—Power Master Operational Testing
6-1  Introduction. . .. ... . 6-1
B-2  Precautions . ... ... .. 6-1
6-3 Required Equipment. . . .. .. 6-2
6-4 VSWR Verification . ... ... e 6-3
6-5 Frequency Response Test . . ... .. . e 6-5
Chapter 7—Remote Operation
T-1  IntrodUuCtion. . . . ... e 7-1
Device Driver for MS WIndOWws . . .. .. ... 7-1
Remote Programming Interface . ....... ... ... . . . . . . 7-2
7-2 IEEE 488.2 Commands . .. ... ... 7-2
MA245xxA PowerMaster UG PN: 10585-00029 Rev. C Contents-3



Table of Contents (Continued)

7-3 Command Requirements . . ... e 7-2
Query Commands . . . ..o ot 7-2
Data Parameters . . . . ... e 7-2
Data Parameter Notations . . . . ... ... e 7-3
7-4  Notational Conventions. . . . ... .. 7-4
7-5 Programming the MA245xxA Power Master. . ... ... . i 7-4
Send and Receive Format. . . ... ... 7-4
Error RESPONSES . . . . 7-4
Default Power Analyzer Settings . . . ... .. 7-5
7-6  System Common Commands. . . ... ...t 7-6
7-7  System Commands. . . ... ..ot 7-8
7-8  MA245xxA Power Master Commands . . . ... . 7-9
Appendix A—Installing the MA245xxA Demo Application
A-1  IntroducCtion . . .. .. e A-1
A-2  Preliminary Setup . . . ... e A-1
A-3 Loading the MA245xxA Demo Application . . ........ ... . A-1
Appendix B—Glossary of Terms
B-1  AppendiXx OVerVIEW. . . . .. B-1
B-2  GlOSSary . .. e B-1

Alphabetical Index of Programming Commands

Contents-4 PN: 10585-00029 Rev. C MA245xxA PowerMaster UG



Chapter 1 — General Information

1-1  Scope of Manual

This manual provides general information, installation and operating instruction for the Anritsu MA24507A
and MA24510A Power Master™ power analyzer using the PowerXpert™ application and remote
programming.

1-2  Introduction
This chapter contains general information about Anritsu MA245xxA Power Master. It includes the following
information:

* General description of the device

e Identification number

e Initial inspection

* Preparation for storage and shipment

1-3  Description

The Anritsu MA24507A and MA24510A Power Masters are frequency selectable mmWave power analyzers
that connects and communicates with a PC via USB. The MA24507A can accurately measure signals as low as
9 kHz and up to 70 GHz. The MA24510A can accurately measure signals as low as 9 kHz and up to 110 GHz.
These power analyzers are ideal for testing many mmWave applications, like 802.11ad, wireless backhaul, and
other future 5G applications.

The MA245xxA Power Master uses a USB 3.0 interface for PC and remote communication and

Note requires USB 3.0 as a power source.

1-4  Software and Documentation

All software and documentation for the MA245xxA Power Master is available online.http://www.anritsu.com

Anritsu follows a practice of regular improvement to our software; we recommend users check

Note http://www.anritsu.com to ensure you have the latest versions.

Related Documentation
The documents listed below support PowerXpert with the USB power sensors and USBpower analyzers:

e Anritsu Power Master Using PowerXpert User Guide — 10585-00029
Supports: MA25407A and MA25410A

¢ Power Master Frequency Selectable mmWave Power Analyzer Technical Data Sheet — 11410-00948
Supports: MA245xxA

e PowerXpert and USB Power Sensor User Guide — 10585-00020
Supports: MA24105A, MA24106A, MA24108A, MA24118A, MA24126A, MA24208A, MA24218A,
MA24330A. MA24340A, and MA24350A

¢ PowerXpert Product Information, Compliance, and Safety (PICS) — 10100-00066

e For the latest updates on Product Brochures and Technical Data Sheets, visit us at
http://www.anritsu.com.

MA245xxA PowerMaster UG PN: 10585-00029 Rev. C 1-1
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1-5 Initial Inspection General Information

PowerXpert Program

Provides the user interface to the power analyzer via USB connection to a PC.

Microsoft® .NET Framework Version 4.0

Available for installation if .NET Framework does not already exist on your PC. The PowerXpert installation
program will detect whether or not this is already on your PC and will provide a message if it is not installed.
PowerXpert needs .Net Framework 4.0. This framework version is included in both Minimal & Full version of
installers. The difference between minimal & full is that the minimal installer uses a light weight web installer
of NET 4.0; therefore, PowerXpert requires the internet connection in order to make the installation. Full
installer uses complete .NET 4.0 setup and does not need an internet connection to make the installation.

1-5 Initial Inspection

Inspect the shipping container for damage. If the shipping container is damaged, retain it until the contents of
the shipment have been checked against the packing list and the power analyzer has been checked for
mechanical and electrical operation. The following items are included with every shipment:

e MA245xxA Power Master mmWave Power Analyzer
e 2000-1859-R 1.0 m USB A to C Port Cable
» Certificate of Calibration

If the shipment is incomplete or if the power analyzer is damaged mechanically or electrically, notify your local
sales representative or Anritsu Customer Service. If the shipping container is damaged or shows signs of
stress, notify the carrier as well as Anritsu. Keep the shipping materials for the carrier's inspection.

1-6 Power Analyzer Identification

All Anritsu power analyzers are assigned a unique seven digit serial number, such as “1601015”. The serial
number is printed on a label that is affixed to the unit. When ordering parts or corresponding with Anritsu
Customer Service, please use the correct serial number with reference to the specific instrument's model
number.

1-2 PN: 10585-00029 Rev. C MA245xxA PowerMaster UG



General Information 1-7 Preparation for Storage/Shipment

Customer Asset Tag Placement

When affixing an asset tag to the power analyzer, use an area on the cover plate as indicated below to ensure
that the asset tag is retained with the product during service.

Figure 11. Asset Tag Placement Location

1-7  Preparation for Storage/Shipment

Preparing the power analyzer for storage consists of cleaning the unit, packing the inside with
moisture-absorbing desiccant crystals, and storing the unit in the recommended temperature environment.
Please refer to the data sheet for storage temperature recommendations.

To provide maximum protection against damage in transit, the power analyzer should be repackaged in the
original shipping container. If this container is no longer available and the unit is being returned to Anritsu for
repair, please advise Anritsu Customer Service and use the following process to package the power analyzer for
shipment:

Note Disconnect any USB and Trigger cables before packaging the power analyzer.

e Use a Suitable Container: Obtain a corrugated cardboard carton. This carton should have inside
dimensions of no less than 15 cm larger than the unit dimensions to allow for cushioning.

e Protect the Instrument: Surround the unit with polyethylene sheeting to protect the finish.

¢ Cushion the Instrument: Cushion the instrument on all sides by tightly packing urethane foam
between the carton and the unit. Provide at least three inches of dunnage on all sides.

¢ Seal the Container: Seal the carton by using either shipping tape or an industrial stapler.

e Address the Container: If the instrument is being returned to Anritsu for service, mark the address of
the appropriate Anritsu service center and your return address on the carton in one or more prominent
locations.

MA245xxA PowerMaster UG PN: 10585-00029 Rev. C 1-3



1-8 Contacting Anritsu General Information

1-8 Contacting Anritsu

To contact Anritsu, please visit: http://www.anritsu.com

From here, you can select the latest sales, service and support contact information in your country or region,
provide online feedback, complete a “Talk to Anritsu” form to get your questions answered, or obtain other
services offered by Anritsu.

1-9  Product Update Information

Updated product information can be found via the Anritsu Power Meters and Power Analyzers product page:
http://www.anritsu.com/en-US/test-measurement/rf-microwave/power-meters-and-sensors

Selecting your product model from the product page will lead you to a Library or Downloads tab that contains
links to all of the latest documentation and downloads related to your Anritsu product.

1-4 PN: 10585-00029 Rev. C MA245xxA PowerMaster UG
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Chapter 2 — Installation (PC Only)

2-1 Introduction

This chapter provides information on installing the Anritsu PowerXpertTM application and the
MA245xxA Power Master backend software,

e “Hardware and Software Requirements” for the Anritsu PowerXpert application

* “Installing PowerXpert” procedure

2-2 Hardware and Software Requirements

The following are the recommended minimum PC specifications for installing and using the software:
¢ Equivalent to Quad Core 15 fourth generation or higher CPU, 8 GB RAM, 128 GB Data Storage

« All versions of Microsoft® Windows7, Windows 8, Windows 8.1, Windows 10, and Windows Vista®,

Windows XP (64 bit OS highly recommended)
e 100 MB hard-disk free space
e Display resolution 1024 X 768
e Super speed USB 3.0

2-3  PowerXpert Application and Power Analyzer Drivers

Both the PowerXpert application and power analyzer drivers must be installed before using the
MA245xxA Power Master. Follow the steps below as a guide for proper installation.

MA245xxA PowerMaster UG PN: 10585-00029 Rev. C

2-1



2-4 Installing PowerXpert Installation (PC Only)

2-4 Installing PowerXpert

Microsoft® .NET Framework Version 4.0 Installation

PowerXpert needs .NET. This framework version is included in both Minimal & Full version of installers. The
difference between minimal & full is that the minimal installer uses a light weight web installer of .NET 4.0;
therefore, PowerXpert requires an internet connection in order to complete the installation. Full installer uses
complete .NET 4.0 setup and does not need an internet connection to make the installation.

1. Go to http://www.anritsu.com. and type “PowerXpert” into the search. Find the "PowerXpert Analysis and
Control Software” section and download the zip file.

2. Unzip the downloaded folder and find the PowerXpert_Full.exe.
3. Double click the application file.

Once the file is opened, the Installation begins. You see a Preparing Setup screen with a progress bar
indicating the status of the Preparation Setup.

PawerXpert - InstallShield Wizard = [t
Preparing Setup
Please wait while the InstaliShield Wizard prepares the setup. l\h

PowerXpert Setup is preparing the InstallShield Wizard, which will guide you through the rest
of the setup process. Please wait.

Figure 2-1. Anritsu Preparing Setup
4. Select Next on the Welcome screen.
PowerXpert - InstallShield Wizard @

Welcome to the InstallShield Wizard for
PowerXpert

The InstallShield Wizard will update the installed version
[3.40.918) of Poweixpert to version 3.41.2. To continue,
click Mext

WARMING:T his program is protected by copyright law and
interational treaties.

T T

Figure 2-2. Anritsu Welcome Screen

2-2 PN: 10585-00029 Rev. C MA245xxA PowerMaster UG
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Installation (PC Only)

2-4

Installing PowerXpert

5. Read the license agreement and select “I Agree”.

6. Select Next.

Figure 2-3.

PowerXpert - InstallShield Wizard ‘

/nritsu

__envision :ensure

ANRITSU COMPANY SOFTWARE LICENSE AGREEMENT

IMPORTANT - READ CAREFULLY BEFORE INSTALLING THE SOFTWARE.
[BY INSTALLING THIS SOFTWARE, YOU ARE AGREEING TO BE BOUND BY
THE TERMS OF THIS AGREEMENT. THIS IS A LEGAL AGREEMENT
[BETWEEN YOURSELF, AND YOUR ENMPLOYER, IF APPLICABLE, AND
IANRITSU COMPANY (“ACUS").

SOFTWARE LICENSE AGREEMENT
1 GRANT OF TTCFNSF. Thia Ticsnas Agrasment narmits vor to nes snclosad
@ | accept the tems of the license agreement

(| do nat accept the terms of the license agresment

Print

< Back ][ Next » ][ Cancel

I

PowerXpert License Agreement

7. Select the Complete (Recommended) button.

8. Select Next.

Figure 2-4.

PowerXpert - InstallShield Wizard [

_envision:ensure

/nritsu

Please select a setup type.

(@ Complete [Recommended]

@ Al program features will be installed. [Requires the most disk space.]

() Custom

Select which program features you want installed. Recommended for
advanced users.

Destination Folder

C:%Progiam Files [x8EMAnitsusPowei-pert

Erovise

< Back I[ Mext > ][ Cancel ]

Select Setup Type

MA245xxA PowerMaster UG

PN: 10585-00029 Rev. C
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2-4 Installing PowerXpert Installation (PC Only)

9. Select Install.

PowerXpert - InstalShield Wizard | = |

/inritsu

_envision:ensure

Click Install to begin the installation.

If you want to review or change any of your installation settings, click Back. Click Cancel to exit
the wizard

[ «Back | mstal | [ Caneel

Figure 2-5. Installing Anritsu PowerXpert Application

The software loads and installs to the selected location.

PowerXpert - InstalShield Wizard [E

/nritsu

_envision:ensure

Pleaze wait while the InstallShisld ‘Wizard installs Powerd=pert. This may take several minutes.

Canicel

Figure 2-6. Installing Anritsu PowerXpert Application

10. Select Finish to complete the installation.

Foweripert - Instaliieid Wizard

Haintenance Congleln

Iractialf5 bl "Wz s v pearfoamning mainienance
opemations on Posssdpert.

Figure 2-7. Anritsu PowerXpert Installation Complete
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Installation (PC Only) 2-5 Setting PowerXpert to Run in Windows XP Compatibility Mode

2-5 Setting PowerXpert to Run in Windows XP Compatibility Mode

7| PowerXpert ML.12.exe Properties IQ
| Security I Details I Previous Versions ‘
| General | Shorteut | Compatibiity
If you have problems with this program and it worked comectly an
an earier version of Windows, select the compatibility mode that
HEL matches that earier version
bbb s Open Help me choose the settings

Compatibil d
Troubleshoot compatibility ompatibilty mode

Open file location [13Run this program in compatibiity made for:

[Windows XP (Service Pack 3) -
Pin to Taskbar
Pin to Start Menu Settings
Restore previous versions [ Run in 256 colors
Send to N [ Run in 640 x 480 screen resolution
[ Disable visual themes
L [~ Disable desktop composition
Copy

[ Disable display scaling on high DP| settings

Create shortcut

Privilege Level
Delete
Run this program as an administrator
Rename
Properties

[ rE'_!Jf.:hangese*t'tingsforallusers ]

[ ok ][ cance |[ sopy |

Figure 2-8. Setting PowerXpert to Run in Windows XP Compatibility Mode

The PowerXpert application can be launched from the Windows Start menu from the Anritsu program group.

Select Install the software automatically (Recommended), and then click Next.

Found New Hardware Wizard

This wizard helps pou install software for:

Arritsu MAZA1184

:\'_) If your hard, came with an installation CD
CZE2 or Floppy disk. insert it now.

“wihat do you want the wizard ta do?

(@ install the software automatically [Fecommended]

(O Install trom a list or gpecific location [Advanced)

Click Next to contirue.

<Back [ Nea> | [ Cancel

Figure 2-9. Found New Hardware Wizard

Continue through all the instruction screens and then click Finish on the last screen to complete the
installation.

MA245xxA PowerMaster UG PN: 10585-00029 Rev. C 2-5
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Chapter 3 — Using Power Master with
PowerXpert

31 Introduction

This chapter provides instructional information on using the Anritsu MA245xxA Power Master with
PowerXpert. PowerXpert is a data analysis and control software for use with Anritsu’s USB power sensors and
power analyzers. PowerXpert provides a graphical user interface (GUI), making the PC appear like a
traditional power meter. Using PowerXpert, the MA245xxA Power Master power analyzer operates in three
modes:

¢ “Continuous Mode” on page 3-4
¢ “Power Hunter Mode” on page 3-8
¢ “Channel Monitor Mode” on page 3-12

When operating the MA245xxA Power Master power analyzer, the MA241xxx Series, MA242xxx and
MA243xxx USB sensors USB power sensors can be connected to make separate power
measurements simultaneously in Continuous Mode. For details, see “Show Multiple Sensor Display”
on page 3-21.

There are modes and settings available only to the MA245xxA Power Master that are described in
this chapter. For detailed information on the operation of the MA241xxx Series, MA242xxx and
MA243xxx USB power sensors, refer to the latest PowerXpert User Guide — 10585-00020 available
at: http://www.anritsu.com.

Note

3-2 Connect Power Analyzer

Connect the USB connector side of the Power Analyzer Cable to the PC. Once connected, you see the sensor
model number and serial number appear in the “Sensor Information Area” of the PowerXpert monitor display.
This may take up to 30 seconds for the connection to be recognized and displayed. PowerXpert always starts up
in the default state of the connected sensor. Upon disconnection from PowerXpert, the power analyzer resets
and after reconnection, restarts in the default state.

MA245xxA PowerMaster UG PN: 10585-00029 Rev. C 3-1
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3-3 PowerXpert Overview Using Power Master with PowerXpert

3-3 PowerXpert Overview

Using the MA245xxA Power Master power analyzer with PowerXpert provides a user interface as illustrated
in Figure 3-1.

Fd] Anritsu PowerXpert / / = |6 X
w = 0 @ 3 2
Fower an b -
Continuous| Time Skt Scope Lt e | Help Settings Tools
Socket | MAZ4507A | 123456788 , Channel power

Continuous Mode | Sensor = ==
Theriemor |Chiannel power  ~|

B MA24507A, 1234567¢
Centerfreq 3%

Certerfrequnits | GHz ~
Span 1 I I l
L
n units 2

[dBm

v | Log Data: OFF

F 57

g & &

& a
5

E

& [

Power vs Time

Rangs [ Upper -]

Measuremert hold Off -]

General Seftings

Averages

Offset (dB) 0

v

5.12 5.15

y
Time span (min) ower,

of

The PowerXpert Tool Bar provides three modes of operation to select from:

Index Description

¢ “Continuous Mode” on page 3-4
¢ “Power Hunter Mode” on page 3-8
¢ “Channel Monitor Mode” on page 3-12

1 The tool bar also provides access to:
“Tools Menu” with access to “Zero All Sensors”, “Capture Screen”, “Log Data”, and “Show Multiple
Sensor Display”,
“Settings Menu” with access to “Resetting to Factory Settings”
“Help”.
2 This side panel displays the settings for the mode of operation selected
3 Click Apply above settings to apply the user selected settings changes. Changes to the settings will

not take effect until after clicking this bar.

These lower task bar parameter settings are available to select and change manually. Changes to
4 these settings are applied by pressing the Enter key. (The lower task bar parameter settings are used
in Continuous mode only)

Figure 3-1. Anritsu PowerXpert Application GUI Overview (1 of 2)
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Using Power Master with PowerXpert

3-4 Power Analyzer Modes of Operation

The display graticule provides power versus time representation of the power measurement
waveform,“Graticule Settings and Graphical Display Area”.

Displays setup and measurement readout area. The readouts displayed are mode dependent.

6 “Continuous Mode Numerical Display Area” on page 3-7, “Power Hunter Mode Numerical Display

Area” on page 3-10,

“

on page 3-13.

7

Power sensor / analyzer information area showing model and serial number, communications port,
and firmware version,“Sensor Information Area”.

Figure 3-1. Anritsu PowerXpert Application GUI Overview (2 of 2)

3-4 Power Analyzer Modes of Operation
The USB MA245xxA Power Master operates in three modes:

¢ Continuous Mode

For display settings available and function see Figure 3-2, “Continuous Mode User Interface Screen”

on page 3-4.

¢ Power Hunter Mode

For display settings available and function see Figure 3-5, “Power Hunter Mode User Interface Screen’

on page 3-8.
¢ Channel Monitor Mode

’

For display settings available and function see Figure 3-8, “Channel Monitor Mode User Interface

Screen” on page 3-12.

MA245xxA PowerMaster UG

PN: 10585-00029 Rev. C
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3-5 Continuous Mode

Using Power Master with PowerXpert

3-5

Continuous Mode

Continuous Mode is the default mode in which the MA245xxA Power Master starts and displays the peak or
average power of the input signal. In this mode, the power analyzer is “continuously triggered” and collects
data at all times. The Continuous Mode window below contains the following information.

itsu Powerkpert

o B %

Mea:

Resalution
Range

suremert hold |Off

General Settings
Averages 1

Offset (dB) o

ic]

"
jurter

351,

nnel
loriitor

=
T

ous| Time Slof Scope

e

Setings

Help Tools

Sensor Informatior
@ MAQASD”'-\‘ gs_setal_

Socket | MA24507A |gs_serial_nu

¢ |ILog Data: OFF

I
r h'
\ '

U
.uw |‘ \H HL

Rl [dEmJ [29.20] P

u‘w\'

U‘
Y
| JM \|\ |

H‘

 — -39.36 dBm

Power vs Time

Power Min (dE

Channel power 1 Avgs 35GHz 0.00dB

Hllml‘\”

’\ \" i
‘

Continuous Mode
Setting

Options/Range

Measurement Channel Power / CW Max

?Mext;&%f/g;e”cy 9.5 kHz to 70 GHz — 500 Hz

(C,\;Rgs'?rgg;‘ency 9.5 kHz to 110 GHz — 500 Hz

Center freq units kHz, MHz, GHz

Span 30 kHz to 2 GHz (Channel power), 30 kHz to Full span (CW max)
Span units kHz, MHz, GHz

Relative Off, On

Units dBm, nW, yW, mW, W

Resolution Low, Medium, High (Available in CW max mode)
Range Upper, Lower

Measurement hold Off, On

General Settings

Averages 1to 1000

Offset (dB) —100 to +150

Apply Above Settings

Select Activates Settings

Figure 3-2. Continuous

Mode User Interface Screen
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3-6 Continuous Mode Settings

Changing the settings in Continuous Mode requires that the “Apply Above Settings Button” to be selected to
activate any changed settings.

Measurement — CW/Channel Power

The CW/Channel mode pull down lets you select between Channel Power and CW Max mode. In Channel
Power mode, the sensor will calculate the average integrated power across the entire user-defined span.
Channel Power mode should be used when measuring average power of modulated signals.

In CW Max mode, the sensor will return the highest CW “peak” amplitude value within the user-defined
channel. Note that the “peak” amplitude returned by the sensor is not necessarily at the user-defined center
frequency. It is the highest average CW amplitude within the range of center frequency + span/2.

Center freq and Span

Center frequency and span combine to define the frequency channel in which power will be measured. The
channel will begin at Center freq - Span/2 and end at Center freq + Span/2. Center freq can be any value as
long as Center freq - Span/2 > 9 kHz and Center freq + Span/2 < 70 GHz for the MA24507A and Center freq -
Span/2 > 9 kHz and Center freq + Span/2 < 110 GHz for the MA24510A. In Channel Power mode, span is
limited to 2 GHz, but can be as wide as full span in CW Max mode.

Relative

Relative measurements power changes with respect to the displayed power when relative mode is turned on.
To reset the power reference, turn relative mode Off, and then back on. This mode is particularly useful to
study drift or measure (loss of) attenuator and (gain of) amplifiers.

Relative measurement is a feature of PowerXpert and does not apply to Crest Factor, CCDF,

Note Reflection Coefficient, Return Loss, and VSWR.

Units

Displays units of power in linear or log scale (dBm, nW, pyW, mW, W).

Resolution

Resolution is available when measurement setting is set to CW max. Resolution allows the user to choose
between optimizing speed or lowering the noise floor. When Resolution is set to “Low”, the sensor will make
more readings per second, but have a higher noise floor. Conversely, setting Resolution to “High” will lower the
noise floor, but the sensor will make fewer readings per second.

Range

There are two measurement ranges in the power analyzer: upper and lower. The range can be set manually to
either the range via PowerXpert or remote commands.

Table 3-1. Power Analyzer Operating Power Range

det range MA245xxA Power Master
Upper High power (> —10 dBm)
Lower Low power (< —-10 dBm)

Measurement Hold

When set to On, holds the last sensor readings. When set to Off, the sensor continues to sample measurements.
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Graticule Display Settings

The parameter settings available below the display screen provide control of the graticule power vs time
settings. See Figure 3-3

Time span (min) - Power Max (dBm) - Power Min (dBm) |- Scale Mode Manua\ * | Center marker

S5 b 6 6o

Time Span (min): Defaults to 1 minute. Manual setting range is 0.1 to 1440 minutes

Power Max (dBm): Defaults to Auto. Set Scale Mode (4) to Manual to change Power Max setting
Power Min (dBm): Defaults to Auto. Set Scale Mode (4) to Manual to change Power Min setting

Scale Mode: Defaults to Auto. Change to Manual to change Power Max (1) and Power Min (2) settings

Center Marker: Select brings a cursor to the center of the graticule and displays the center (x, y)
parameters.

Index Description

A B W N =

Figure 3-3. Graticule Power Vs Time Settings
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Continuous Mode Numerical Display Area

The Continuous Mode numerical display window contains the following information:

Y99 P9

Sockst | MA24507A | 1601015 CW max 1 Avas 35 GHz 0.00dB

-120.70 dBm-—®

Log Data: OFF

of

Index |Description
1 Communications port to which the sensor is connected
2 Model number of the connected power sensor
3 Serial number of the connected power sensor
4 Channel power or CW max mode
5 Averaging count
6 Center frequency
7 Fixed offset value
8 Numerical reading with units of measure or task message displayed
9 Data Logging status

Figure 3-4. PowerXpert Numerical Display Area

MA245xxA PowerMaster UG PN: 10585-00029 Rev. C 3-7
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Using Power Master with PowerXpert

3-7

Power Hunter Mode

Power Hunter Mode allows the user to search for up to six CW amplitude peaks within a user-defined
frequency span. The Power Hunter Mode display window contains the following information.

AN

V4] Anitsu PowerXpert \ SEIEN
M Power | Channel @ o
Continuous  Time Slet Scope List BEE Monior Help Settings Tools
Power Hurter Mode Sensor Information Socket | MA24507A | 123456789 CW max 1 Avgs 35GHz 0.00dB
Startfreq u [ - MAZ4507A, 1234567
Start freq units GHz -
Stop freq 35
e — ower Hunter
Resolution Low -
Set minimum power + | Log Data: OFF =
Minimum power (dBm} 0
General Settings
Averages 1 Ch | Frequency (GHz) Power (dBm) 4Ch1(dB)
2 35.8479 -33.82 046
3 34215 -33.04 -0.58
4 342762 3305 -0.59
5 34.0035 -34.79 -1.43
6 34.3182 -35.01 -1.65
Power Hunter Mode
Setting Options/Range

Start frequency

9.5 kHz to 70 GHz — 1kHz

(MA24507A)
(Sl\t/laAr\t2]ch1‘gf\r)]cy 9.5 kHz to 110 GHz — 1 kHz
o
oo

Start / stop freq units kHz, MHz, GHz

Units

dBm, nW, uyW, mW, W

Resolution

Low, Medium, High

Set minimum power

Selected or not

Minimum power —-130 to 0 dBm
General Settings

Averages 1to 1000
Offset (dB) —100 to +150

Apply Above Settings

Select Activates Settings

Figure 3-5.

Power Hunter Mode User Interface Screen
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3-8 Power Hunter Settings

Power Hunter mode only supports CW max mode.

Start/Stop Frequency

Start and stop frequencies define the frequency window in which power analyzer will search for CW “peaks”. If
six sensors are connected, PowerXpert will return the six highest CW values and the associated frequencies.

Start / Stop Freq Units
Select either kHz, MHz, or GHz.

Units
Displays units of power in linear or log scale (dBm, nW, pyW, mW, W).

Resolution

Resolution allows the user to choose between optimizing speed or lowering the noise floor. When Resolution is
set to “Low”, the sensor will make more readings per second, but have a higher noise floor. Conversely, setting
Resolution to “High” will lower the noise floor, but the sensor will make fewer readings per second.

Set Minimum Power

Power Hunter allows the user to set a minimum to the power values returned by the sensor. When a minimum
power is defined, Power Hunter will only display the CW peaks above that minimum threshold. In the case
where there are fewer than six CW peaks, the extra lines will remain blank.

Minimum Power

Provides means to enter in minimum power point. Range is 0 to —130 dBm.
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Power Hunter Mode Numerical Display Area

The Power Hunter mode numerical display window contains the following information:

YRYP P9

Socket MAZ4507A | gs_seral_nu CW man 1 Avgs 35GHz 0.00dB

Power Hunter—®

Log Data: OFF

&

Index |Description

1 Communications port to which the sensor is connected

Model number of the connected power sensor

Serial number of the connected power sensor

CW mode setting (always CW max in Power Hunter mode)

Averaging count

Center frequency ([stop freq + start freq]/2)

Fixed offset value

O N ol | ODN

Indicates that PowerXpert is in Power Hunter mode

9 Data Logging status (not available in Power Hunter mode)

Figure 3-6. Power Hunter Numerical Display Area
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3-8 Power Hunter Settings

Power Reading Display

The power reading window displays the frequency and power for each of the six highest CW peaks within the
start and stop frequency range. The delta channel 1 column displays the power difference in dB between each
channel and channel 1. The example below displays the six highest peaks detected from a start frequency of
15 GHz swept through to a stop frequency of 19 GHz. Channel (1) detects the highest peak and channels (2)
through (6) detects the next highest peaks. The last column displays the measurement delta calculated when

referenced to channel (1).

Ch Frequency (GHz) Power (dBm)

A Ch 1 (dB)

2 16.501 4.08 266
3 16.666 3.82 292
4 16.167 213 461
) 15.502 -2.01 8.75
b6 15.334 -213 8.87

Figure 3-7. Power Hunter Mode Measurement Display Area

MA245xxA PowerMaster UG
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3-9 Channel Monitor Mode

Channel Monitor Mode allows the user to enter up to six different frequencies and monitor power at those
frequencies simultaneously. The Channel Monitor display window contains the following information.

AN

V) Anritsu PowerXpert \ = &8 %
i = N3 @ & p
l@ " Power | Chamnel @ el

Continuous  Time Slot  Scope List Hurtter Maritor Help Settings Tools
Charnel Monitor Mode

Sensor Information Socket MAZ4507A | 123456789 Channel pow 1 Avgs 0.00dB

ver .
Messuroment  [Cranmelpower v || £ MA24607A, 12345678

- 1 h a n n e I

Units R

Resolution Auto

_— u
Measurement hold [off - M O n Ito r
General Settings

Offset (48) 0 « i + [/ Log Data: OFF =

th Frequency (GHz) Power (dBm) ACh1(dB)

Channel Monitor Mode

Setting Options/Range

Measurement Channel power / CW max

Span 1 kHz to 20 MHz

Units dBm, nW, yW, mw, W

Resolution Low, Medium, High (Available in CW max mode)
Measurement Hold Off, On

General Settings

Offset (dB) —100 to +150

Apply Above Settings Select Activates Settings

Figure 3-8. Channel Monitor Mode User Interface Screen
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3-10 Channel Monitor Mode Settings

Measurement — CW/Channel Mode

The CW/Channel mode pull down lets you select between Channel Power and CW Max mode. In Channel
Power mode, the sensor will calculate the average integrated power across the entire user-defined span.
Channel Power mode should be used when measuring average power of modulated signals.

In CW Max mode, the sensor will return the highest CW “peak” amplitude value within the user-defined
channel. Note that the “peak” amplitude returned by the sensor is not necessarily at the user-defined center
frequency. It is the highest average CW amplitude within the range of center frequency + span/2.

Span

In Channel Monitor mode, Span works with the frequencies defined in the power reading display area in the
same way as it does with the center frequency in Continuous mode. The difference in Channel Monitor mode is
that Span is limited to 20 MHz for each frequency channel.

Units
Displays units of power in linear or log scale (dBm, nW, pyW, mW, W).

Resolution

Resolution is available when measurement setting is set to CW max. Resolution allows the user to choose
between optimizing speed or lowering the noise floor. When Resolution is set to “Low”, the sensor will make
more readings per second, but have a higher noise floor. Conversely, setting Resolution to “High” will lower the
noise floor, but the sensor will make fewer readings per second.

Measurement Hold

When set to On, holds the last sensor readings. When set to Off, the sensor continues to sample measurements.
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Channel Monitor Mode Numerical Display Area

The Channel Monitor mode numerical display window contains the following information:

VPP P 9 @

Socket MA24507A | gs_sernial_nu Channel power 1 Avgs 0.00dB

Channel
Monitor

Index [Description
1 Communications port to which the sensor is connected
2 Model number of the connected power sensor
3 Serial number of the connected power sensor
4 Channel/CW mode setting
5 Averaging count
6 Fixed offset value
7 Indicates that PowerXpert is in Channel Monitor mode

Figure 3-9. Channel Monitor Numerical Display Area
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Channel Monitor Display

The Channel Monitor readings display window is where the user enters the center frequencies. To monitor a
frequency, simply click on one of the channels, type in the center frequency in GHz, and press enter or click out
of the channel. The power will be displayed in the “Power (Units)” column. The user can enter up to six
different frequencies. The same span and mode (defined in the left hand menu) will be applied to all channels.
The delta channel (1) column displays the calculated difference between each channel to the
referenced-channel (1).

Ch Frequency (GHz) Power (dBm) ACh1(dB)
1 15 0.03 -

2 16 -0.07 -0.10

3 17 -0.04 -0.07

4 18 -0.03 -0.06

Z 19 -0.27 -0.30

b 20 -0.37 -0.40

Figure 3-10. Channel Monitor Mode Measurement Display Area
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3-11

Graticule Settings and Graphical Display Area

This section provides a brief overview of the graticule settings and graphical display areas that are presented
in the different operating modes of PowerXpert. The Power versus Time graph is used in all modes and
provides the ability to plot measured power with respect to time (or time slots). This feature can be used for
drift testing, tuning circuits, and for monitoring circuit behaviors to external stimuli. The graph starts
automatically and updates continuously in real time.

The following Power versus Time graph is used in “Continuous Mode”:

Power versus Time

\ i

| W .‘\‘ll.aln.u“w\.‘.ﬁhmﬁ

Time span {min} Power Max (dBm) Power Min {dBm} [ Scale Mode |Manual || Center marker

Index

Description

Graticule settings area:

Time Span (min): Sets the current time span setting from 0.1 minutes up to a maximum of
1440 minutes.

Power Max (dBm): Sets the upper power level for the vertical scale.

Power Min (dBm): Sets the lower power level for the vertical scale.

Scale Mode: Sets the vertical scaling to Automatic or Manual (Power Max (dBm) and
Power Min (dBm) settings are not available when set to Automatic).

Changes to these settings are applied by pressing the Enter key.

The vertical scale displays the power level in dBm, regardless of the Units settings of dBm, pW, mWw,
or W from the “Continuous Mode” settings area.

The horizontal scale displays the time in minutes and may be increased or decreased from the
graticule settings area. This scale increases up to a maximum of 1440 minutes.

Graphical trace display showing the power level as a function of time.

Marker showing as a vertical blue line with an x on the marker point and numerical values for the time
(in minutes) and power level (in dBm). The marker is available for reading power at an instant of time.
It can be dragged with the mouse and can be centered in the display via the Center marker button.

Figure 3-11. PowerXpert Graphical Display Area (Continuous Average Mode)
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3-12 Sensor Information Area

When using multiple power sensors along with the Power Master power analyzer, the parameters and
numerical and graphical displays are associated with the selected sensor from the Sensor Information area.
See Figure 3-12. When multiple sensor’s serial numbers are displayed, click on the serial number to view.
When removing a power analyzer or power sensor, disconnect the device’s USB connection at the Computer
USB port. Other power analyzer and power sensors will remain active until they are removed in the same way.

A MA245xxA Power Master can be connected at the same time as a MA242xxA and MA243xxA
Note USB power sensor, see “Show Multiple Sensor Display” on page 3-21, but multiple MA245xxA
Power Masters on the same PC is currently not supported.

Anritsu PowerXpert = B R
0 53 [ Y| () n /9
i Fower  Channel =*

Continuous| Time St Scope List Hurter Monitor Help Settings Tools
Continuous Mode Sensor Hfommation Sockel | MAZ4507A |gs_seal_ru Channel power Thvgs | 35GHz | 00048
Mode = MA4507A, gs_serial_

B S/N: gs_senal_r
Centerfreq S \
g e
Span 1 FFGA: BAD CMI - m
L]
Felatve
Units ‘ il v |[Log Data: OFF ot Zeroed

Figure 3-12. Selecting an analyzer or power sensor

Zero Sensor

Zeroing is not necessary for the MA245xxA Power Master. When selecting Multiple Analyzer Display, see
“Show Multiple Sensor Display” on page 3-21 from the Tools menu, “Tools Menu” on page 3-18 it will be
necessary to Zero the MA24208A, MA24218A, MA24330A, MA24340A, and the MA24350A USB power sensors

before making measurements.

For detailed information on Zeroing the USB power sensors, refer to the latest USB power sensor with
PowerXpert User Guide — 10585-00020, available at:.http://www.anritsu.com.

Averages

The Averages setting allows you to specify the number of measurements that are averaged to calculate the
displayed power. A setting of 1 disables averaging.

Offset

A fixed value (in dB) specified by the user is applied as a power offset to the sensor. A positive offset adds a
value to the power readings and can be used to compensate for attenuators, couplers, limiters, and other lossy
devices. A negative value subtracts a value from the power reading and can be used to compensate for
amplification in the measurement path.

Apply Above Settings Button

The Apply Above Settings button applies all changes made to the settings. Changes to these settings do not
take affect until clicking this button.
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3-13 Tools Menu Using Power Master with PowerXpert

3-13 Tools Menu

The Tools menu provides the option of zeroing all sensors, capturing the PowerXpert screen display, enabling
the log data. The grayed out selections are not available with the MA245xxA Power Master, but become
available when a MA24208A, MA24218A, MA24330A, MA24340A, or MA24350A power sensor is connected
and selected. Refer to the latest USB Sensor with PowerXpert User Guide — 10585-00020 when using the other

USB power sensor features.
Tools _

Zero Al Sensaors

Capture screen...

Log Data. ..

Show Multiple Sensor Display...
Offset Table

Update Firmware...

View Summary...

Advanced Features

Figure 3-13. Tools Menu

Zero All Sensors

The MA245xxA Power Master power analyzer does not require to be Zeroed; therefore, Zero All
Sensors is grayed out. But when the MA24208A, MA24218A, MA24330A, MA24340A, and the
MA24350A USB power sensors are connected, the Zero All Sensors feature will become active.
See “Zero Sensor” on page 3-17

Note

Zero All Sensors provides a convenient method of zeroing all connected power sensors. Zero the MA24208A,
MA24218A, MA24330A, MA24340A, and the MA24350A sensors before making power measurements. Zero All
Sensors becomes active when a MA24208A, MA24218A, MA24330A, MA24340A, and / or a MA24350A is
connected and selected from the “Sensor Information Area” on page 3-17 or “Show Multiple Sensor Display”
on page 3-21.

If frequent low-level measurements are being made, it is advised to often check the sensor zeroing to assure
accurate measurements. Before zeroing the sensor, connect it to the DUT (device under test) test port and
remove RF power from the connection to a level 20 dB below the noise floor of the power sensor. Leave the
sensor connected to the DUT test port so that ground noise and thermal EMF (electro-magnetic fields) are
zeroed out of the measurement. The sensor may also be connected to a grounded connector on the DUT.
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Capture Screen

The Capture Screen utility captures a PowerXpert screenshot and launches the Save image dialog that allows
you to save the image in BMP, JPEG, PNG, or GIF file formats.

Save image =
\7/\/ ) 2m004060 on BFLOREKDS » Windows (C:) b my documents + ~ [ 3 [ earch my docurents ol
e =~ @

~ Name - Date modified Type Size
ap

L archive T/ZELATPM  File folder
» &4 Windows (C)

5 MOH Group Drive (03)

5 MOH Public Drive (P9

- Transfer Drive (T:)

5 Home Directory (U)

% Home Directory (V)

W My Web Sites on MSN
S Aniitsu Netwark

File name: imagel bmp
Save astype: |BMP file (*.bmp) v‘

Figure 3-14. Save Image Dialog

Log Data

The Log Data feature provides the ability to record data in a comma separated value file and is accessed from
the Tools | Log Data toolbar. This feature is available only when the application is in Continuous Average
mode. Data logging is set up in the dialog below:

Log data @
Interval Setup
Full Speed )
Log Interval (sec.) [

| set | |

Figure 3-15. Log Data Dialog

e Interval Setup: Sets full speed data or fixed interval data logging (user defined logging interval). When
Full Speed is selected, the user must manually start and stop the logging function.

¢ Log Interval (sec.): Sets the time interval in which to log data and is available when Full Speed is
deselected.

Log Interval should be set to reduce the number of data points when capturing long time periods as
Note ! N
Microsoft Excel has a limitation of data records.

Data is stored as comma separated value (.csv) files that can be directly opened in Microsoft Excel. The
filename and location can be selected or changed as desired. The default filenames have the following format:

Test yyyy mm dd hhmmss.csv
where:

¢ yyyy: Four-digit year

¢« mm: One- or two-digit month

¢ dd: One- or two-digit day

¢ hhmmss: Two digit hours (24-hour clock), minutes, and seconds
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Sample log data is shown in a Microsoft Excel spreadsheet file below:

A B c D E
1 |Initial setup information
2 |Sensor Model MA24218A
3 |Sensor Serial No 204
4 |Frequency 2 GHz
5 |Fixed Offset 0 dB
6 Enhanced Modulation ON
7 Sample Interval Full Speed
8 |Any setup information is not updated during data logging.
9 15:55:11  -16.712 dBm
0 15:55:11  -16.691 dBm
11 15:55:11 -16.696 dBm
12 15:55:11 -16.75 dBm
13 15:55:11  -16.744 dBm
4 15:55:11  -16.704 dBm
5 15:55:11 -16.731 dBm
6 15:55:11  -16.748 dBm
7 15:55:11 -16.749 dBm
8 15:55:11 -16.68 dBm
9 15:55:12  -16.796 dBm
0 15:55:12 -16.76 dBm
1 15:55:12  -16.747 dBm
2 15:55:12  -16.626 dBm
3 15:55:12 -16.74 dRm

Figure 3-16. Log Data Enhanced Modulation On

Data logging is stopped by accessing the Tools | Log Data toolbar and pressing Stop in the Log data dialog.

| A B G D E

1 |Initial setup information

2 |Sensor Model MA24218A

3 |Sensor Serial No 204

4 |Frequency 2 GHz
5 |Fixed Offset 0 dB
6 Sample Interval Full Speed

7 |Any setup information is not updated during data logging.

8 15:54:19  -30.409 dBm
9 15:54:19  -30.478 dBm
10 15:54:19  -30.494 dBm
11 15:54:19  -30.446 dBm
12 15:54:19  -30.403 dBm
3 15:54:19  -30.429 dBm
14 15:54:19  -30.427 dBm
15 15:54:19  -30.391 dBm
16 15:54:19 -30.417 dBm
17 15:54:20  -30.428 dBm
18 15:54:20 -30.365 dBm
19 15:54:23  -30.412 dBm
20 15:54:24  -30.463 dBm
21 15:54:24  -30.435 dBm
22 15:54:24  -30.382 dBm
3 15:54:24  -30.398 dBm
24 15:54:24  -30.404 dBm

Figure 3-17. Log Data Enhanced Modulation Off

3-20 PN: 10585-00029 Rev. C MA245xxA PowerMaster UG



Using Power Master with PowerXpert

3-13 Tools Menu

Show Multiple Sensor Display

PowerXpert provides a Multiple Sensor Display screen that shows simultaneous measurements of up to eight
sensors. This display is in addition to the normal PowerXpert display and is enabled by clicking Tools | Show

Multiple Sensor Display. Average power measurements are displayed when in Continuous Mode for the
MA245xxA power analyzer and the MA241xxA, MA242xxA and MA243xxA USB power sensors.

Note

Only one MA245xxA Power Master power analyzer can be connected to a PC at a time, but one
MA245xxA Power Master power analyzer can be used with multiple other Anritsu USB power
sensors, such as the MA241xxA, MA242xxA and MA243xxA USB power sensors.

There are settings available only to the USB power sensors. Refer to the latest USB Sensor with
PowerXpert User Guide — 10585-00020 for detailed information using the MA241xxA,
MA242xxA and MA243xxA USB power sensors.

The Multiple Sensor Display provides an active sensor status. See Figure 3-18. This display shows three

devices connected. The top display shows a MA24118A power sensor is connected and is in Scope Mode, (Not
available for the MA245xxA power analyzer). The next two readouts show the average power measurements
when in Continuous Mode by a MA245xxA and the MA24350A.

Multiple Sensor Display

COMS | MA24118A (0851615 1Avgs |0.01GHz | 0.00dB

Scope Mode

Log Data:0FF Zeroed
Socket | MA24507A 1601001 1Avgs 35.00 0.00d8

-51.03 dBm

Log Data:OFF Hot Zeroed
USB | MA24350A [1520002| 1Avgs |2.00GHz | 0.00dB
Average Power

-0.34 dBm

Log Data:OFF | Enh Mod: OFF| Step Det ON Zeroed
Port Num Model Serial Avgs Freg Offset

Log Data Hot Zeroed

Port Num

Log Data:

Port Num

Log Data:
Port Num

Log Data:

Port Num

Log Data:

Model

Mode!

Wodel

Mode!

Serial

Serial

Avgs

Avgs

Freq

Freq

Offset

Not Zeroed
Offset

Not Zeroed
Offset

Not Zeroed
Offset

Not Zeroed

Figure 3-18. Multiple Sensor Display

The settings displayed in each measurement window apply to that sensor or power analyzer. To change a

device’s settings, access that sensor or power analyzer by going to the Sensor Information menu and select the

sensor serial number of the device. Refer to Figure 3-19.

Power
Hurter

Channel
Manitar

Sensor Information
- MA24118A, 0851615

+-- MA24507A, 1601001
+-- MAZ24350A, 1520002

Figure 3-19. Sensor Model and Serial Number Information
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3-14 Settings Menu

The Settings menu provides Reset to Factory Settings. The Save/Recall Setup, Set Sensor Time Out, and
Secure Mode are inactive at this time and will appear grayed out. The grayed out selections are not available
with the MA245xxA Power Master, but become available when a MA24208A, MA24218A, MA24330A,
MA24340A, or MA24350A power sensor is connected from “Show Multiple Sensor Display” on page 3-21.

Settings

Save/Recall Setup...
Reset to Factory Settings
Set Sensor Time Out...

Secure Mode

Figure 3-20. Settings Menu

Resetting to Factory Settings

This selection resets the PowerXpert settings to the default state.

No Sensor Display

Port Num Model SerialNo Channel power Avgs Cal Freg Offest

No Sensor

Log Data: OFF Mot Zeroed

Figure 3-21. No Sensor Connected
A No Sensor message will display when PowerXpert does not recognize a power analyzer or sensor connection.
If this occurs:

1. Close the application and disconnect the power analyzer or sensor.

2. Open the PowerXpert application and reconnect the power analyzer or power sensor.

3. If the problem persists, contact an Anritsu service center.
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3-15 Help

3-15 Help

The Help menu provides options to launch the online documentation and provides an informational About

dialog.

About PowerXpert

Copyright (C) 2008-2015 Anritsu Company. All rights reserved.
This application is compatible with all Anritsu USE power Sensors.

/Inritsu

Anritsu PowerXpert Software V1.0

http . /Awww anritsu.com

Figure 3-22. About PowerXpert
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Chapter 4 — Power Analyzer Care

4-1 Introduction

Anritsu Power analyzers are high quality precision laboratory instruments and should receive the same care
and respect afforded such instruments. Follow the precautions listed below when handling or connecting these
devices. Complying with these precautions will guarantee longer component life and less equipment downtime
due to connector or device failure. This will ensure that USB power sensor and power analyzer failures are not
due to misuse or abuse — two failure modes not covered under the Anritsu warranty.

Warning Beware of destructive pin depth of mating connectors.

Based on RF components returned for repair, destructive pin depth of mating connectors is the major cause of
failure in the field. When an RF component connector is mated with a connector having a destructive pin
depth, damage will usually occur to the RF component connector. A destructive pin depth is one that is too long
with respect to the reference plane of the connector (see Figure 4-1 on page 4-6).

Warning Beware of RF components that may not have precision type connectors.

The center pin of a precision RF component connector has a precision tolerance measured in mils (1/1000 inch).
The mating connectors of various RF components may not be precision types. Consequently, the center pins of
these devices may not have the proper pin depth. The pin depth of DUT connectors should be measured to
assure compatibility before attempting to mate them with power analyzer connectors. An Anritsu Pin Depth
Gauge (Figure 4-2 on page 4-7), or equivalent, can be used for this purpose.

4-2 Power Analyzer Precautions

Avoid Over Torquing Connectors

Over torquing connectors is destructive; it may damage the connector center pin. A torque wrench

(12 Ibfin or 1.35 N - m) is recommended for tightening N connectors. Always use a torque wrench

(8 Ibfin or 0.90 N - m) for K type, V type, and W type connectors. Never use pliers to tighten connectors. Refer
to Section 4-4 “Connection Techniques” on page 4-3 for detailed instructions.

Avoid Mechanical Shock

Power analyzers are designed to withstand years of normal bench handling. However, do not drop or otherwise
treat them roughly. Mechanical shock will significantly reduce their service life.

Avoid Applying Excessive Power

Exceeding the specified maximum input power level will permanently damage the power analyzer internal
components and render it useless.

Observe Proper ESD Precautions

Power analyzers contain components that can be destroyed by electrostatic discharge (ESD). Therefore,
power analyzers should be treated as ESD-sensitive devices. To prevent ESD damage, do not handle, transport
or store a power analyzer except in a static safe environment. A static control wrist strap MUST be worn when
handling the power analyzer. Do not use torn or punctured static-shielding bags for storage of power analyzers.
Do not place any paper documents such as instructions, customer orders or repair tags inside the protective
packaging with the power analyzers.
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Clean the Connectors

The precise geometry that makes the RF component’s high performance possible can easily be disturbed by dirt
and other contamination adhering to the connector interfaces. When not in use, keep the connectors covered.
Connectors must be cleaned using a lint-free cotton swab that has been dampened with Isopropyl alcohol (IPA).
Refer to Section 4-6 “Connector Cleaning” on page 4-8 for specific details.

Avoid Damage to Communication Connector and Cable

Use care when connecting the USB cable to the power analyzer. Ensure it is properly secured to avoid damage
from connector movement while in its receptacle.

4-3 RF Connector Precautions

Handle With Care

RF connectors are designed to withstand years of normal bench handling. However, do not drop or otherwise
treat them roughly. They are laboratory-quality devices, and like other such devices, they require careful
handling.

Keep Connectors Clean

Avoid touching connector mating planes with bare hands. Natural skin oils and microscopic dirt particles are
very hard to remove.

When using cotton swabs to clean connectors, make sure that you don’t damage the center conductor. Refer to
Section 4-6.

Check the Pin Depth

Always check the pin depth of a new connector before use to determine if it is out of spec. One bad connector
can damage many. The connector can be damaged by turning in the wrong direction. Turning right tightens
and turning left loosens.

Teflon Tuning Washers

The center conductor on some RF components contains a small teflon tuning washer located near the point of
mating (interface). This washer compensates for minor impedance discontinuities at the interface. The
washer’s location is critical to the RF component’s performance. Do not disturb it.

Align Before Connecting

To avoid center conductor damage, ensure the connectors you are joining are properly aligned.

Torque Properly

Over torquing connectors is destructive; it may damage the connector center pin. Never use pliers to tighten
connectors. Always use the correct torque wrench to tighten RF connectors.

Cover the Connectors

Put ESD-safe dust caps on the connector after use.

Store Properly

Never store adapters loose in a box, in a desk, or in a drawer.
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4-4 Connection Techniques

4-4  Connection Techniques

Connection Procedure

Table 4-1 lists the Anritsu Company torque wrench and open end wrench part numbers for connectors used on
power sensors and power analyzers.

Table 4-1. Connector Wrench Requirements — Torque Wrenches and Settings — Open End Wrenches

Torque Wrench Model Torque
Connector Type Number Specification Open End Wrench
K,V 01-201 8 Ibf-in (0.90 N-m) 01-204
W1 01-504 5 Ibf-in (0.90 N-m) 01-505
Connecting
1. Carefully align the connectors.
The male connector center pin must slip concentrically into the contact fingers of the female
connector.
2. Push connectors straight together.
Do not twist while pushing them together. As the center conductors mate, there is usually a slight
resistance.
3. Finger tighten the connection by turning the connector nut.
Do not turn the connector body.
Do not pre-tighten so much that there is no rotation of the nut when using the torque wrench.
4. Back off the connection by turning the connector nut counter clockwise 1/4 turn.
The final tightening will be done using the torque wrench.
Torquing
1. Hold torque wrench at the end.
Caution Holding the torque wrench elsewhere applies an unknown amount of torque and could damage

contacts and/or connectors.

2. Rotate only the connector nut as you tighten the connector.
Use an open-end wrench to keep the body of the connector from turning.
3. Keep the two wrenches at a relative angle of less than 90°.

Using an angle greater than 90° causes the connector devices to lift up and tends to misalign the
devices and stress the connectors. This becomes more of a problem when there are several devices
connected to each other.

4. Tighten the connection until the torque wrench handle just “breaks”. (A typical torque wrench has
a calibrated spring-hinged handle. “Breaking” means the force on the handle overcomes the spring
pressure at the hinge and the handle begins to fold at the hinge point).

Breaking the handle fully can cause the wrench to kick back and may loosen the connection.
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Disconnection Procedure
1. Use an open end wrench to prevent the connector body from turning.
2. Use another wrench to loosen the connector nut.
3. Complete the disconnection by hand, turning only the connector nut.

4. Pull the connectors straight apart without twisting or bending.

4-5 RF Connector Preventive Care

Most coax connectors are assembled into a system and forgotten, but some, especially on test equipment are
used almost continuously. The care and cleaning of these connectors is critical to accurate and reliable
performance. Remember that all connectors have a limited life time and usually a maximum
connect/disconnect specification, typically about 5,000 connections. Most will last well beyond this number, but
poor usage and poor care can destroy a connector well before that number. Good connector performance can be
achieved with the following:

e Periodic visual inspection
e Appropriate gauging techniques
* Proper connection and disconnection techniques using torque wrench

e Proper cleaning

Visual Inspection
To ensure a long and reliable connector life, careful visual inspection should be performed on the connectors
before they are used on a particular job at a minimum of once per day when the item is being used. A “good”
connector may get damaged if it is mated with a “bad” one.

Magnification

The minimum magnification for connector inspection for damage varies with the connector:

« K,V, W1 (1.85 mm)) connectors

Any connector with the following defects should be repaired or discarded:

Plating

¢ Deep scratches showing bare metal on the mating plane
* Bubbles and blisters

The connectors may lose some gloss over time due to usage. Light scratches, marks and other cosmetic
imperfections can be found on the mating plane surfaces. These should be of no cause for concern.

Threads

¢ Damaged threads. Don’t force the connectors to mate with each other if the threads are damaged.

Center conductors

* Bent, broken or damaged contacts.
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Pin Depth Measurement

Precautions

Warning Beware of destructive pin depth of mating connectors.

A connector should be checked before it is used a minimum of once per day. If the connector is to be used
on another item of equipment, the connector on the equipment to be tested should also be gauged.

Connectors should never be forced together when making a connection since forcing often indicates
incorrectness and incompatibility. There are some dimensions that are critical for the mechanical
integrity, non-destructive mating and electrical performance of the connector. Connector gauge kits are
available for many connector types. Please refer to Anritsu Application Note 10200-00040. The
mechanical gauging of coaxial connectors will detect and prevent the following problems:

Positive Pin Depth

Positive pin depth can result in buckling of the fingers of the female center conductor or damage to the
internal structure of a device due to the axial forces generated.

Caution Never make a connection when any positive pin depth condition exists.

Negative Pin Depth

Negative pin depth can result in poor return loss, possibly unreliable connections, and can even cause
physical breakdown of the connection under peak power conditions.

Checking the Pin Depth Gauge

Pin depth gauges should be checked for cleanliness before they are used at a minimum of once per
month. Connector cleaning procedures (refer to Section 4-6) can also be used to clean the pin depth
gauges.
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Pin Depth Dimensions

Based on RF components returned for repair, destructive pin depth of mating connectors is the major cause of
failure in the field. Before mating, measure the pin depth of the device that will mate with the RF component.
The dimensions measured are shown in Figure 4-1. When an RF component is mated with a connector having
a destructive pin depth, damage will likely occur to the RF component connector.

Reference (1) Reference
Plane Plane

]
=
=

Pin Depth (@ Pin Depth

(Inches) (Inches)
® FEMALE ®MALE
Index [Description
1 Reference Plane
2 Pin Depth (Inches)
3 Female
4 Male

Figure 4-1. Connector Pin Depth
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Pin Depth Gauge

Use an Anritsu Pin Depth Gauge or equivalent as shown in Figure 4-2 to accurately measure pin depths.

Note A destructive pin depth has a center pin that is too long in respect to the connector’s reference plane.

® ®

Y

A

Index |Description
1 Pin Depth Gauge with needle setting at zero
2 |Positive needle direction clockwise to right
3 |Negative needle direction counter-clockwise to left

Figure 4-2. Pin Depth Gauge

Pin Depth Tolerances

The center pin of RF component connectors has a precision tolerance measured in “mils” which is equal to
1/1000 inch (0.001”) or approximately 0.02540 mm.

Connectors on test devices that mate with RF components may not be precision types and may not have the
proper depth. They must be measured before mating to ensure suitability and to avoid connector damage.

When gauging pin depth, if the test device connector measures out of tolerance in the “+” region of the gauge
(see Table 4-2), the center pin is too long. Mating under this condition may damage the termination connector.

“o»

On the other hand, if the test device connector measures out of tolerance in the region, the center pin is too
short. While this will not cause any damage, it will result in a poor connection and degradation in performance.

Table 4-2. Pin Depth Tolerances and Gauge Settings for power analyzer Connectors

Connector Type

Pin Depth (in) (min/max)

Anritsu Gauge Setting (min/max)

V Male +0.000 ]

Same as pin depth
V Female -0.004
W1 Male +0.000 )

Same as pin depth
W1 Female —-0.0035

1. Type N connectors use a zero gauge block when measuring pin depth. The gauge block is used to zero the gauge before the
measurement. Type N gauge blocks have an offset of plus or minus 0.207 depending upon the sex.

2. Actual pin depth measured is —0.207 when the gauge dial indicates 0.000.
3. Actual pin depth measured is +0.207 when the gauge dial indicates 0.000.

4. W1 pin depth gauge is not sold by Anritsu.
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4-6 Connector Cleaning

Connector interfaces should be kept clean and free of dirt and other debris. Clean connectors with lint-free
cotton swabs. Isopropyl alcohol is the recommended solvent. Figure 4-3 on page 4-9 illustrates the cleaning
procedures for male and female connectors.

Most cotton swabs are too large to fit into the ends of the smaller connector types. In these cases it
Note is necessary to peel off most of the cotton and then twist the remaining cotton tight. Be sure that the
remaining cotton does not get stuck in the connector.

With continuous use, the outer conductor mating interface will build up a layer of dirt and metal chips that can
severely degrade connector electrical and mechanical performance. It can also increase the coupling torque
which can damage the mating interface. Cleaning connectors is essential for maintaining good electrical
performance so check them for cleanliness before making any measurements (or calibration).

Required Cleaning Items

» Low pressure compressed air (solvent free)
* Lint-free cotton swabs
e Isopropyl alcohol (IPA)

e Microscope

Important Cleaning Tips
Use the following important tips when cleaning connectors:

e Compressed air may be used to remove foreign particles and to dry the connector.

* Inspect after cleaning to verify that the center pin has not been bent or damaged.

Cleaning Procedure

1. Remove loose particles on the mating surfaces, threads, and similar surfaces using low-pressure
compressed air.

2. The threads of the connector should be cleaned with a lint-free cotton swab. When connector threads are
clean, the connection should hand-tighten to within approximately one-half turn of the specified torque.
In other words, when using a torque wrench, a clean connector should only need about a half turn more
after hand-tightening to reach specified torque.

3. Clean mating plane surfaces using alcohol on lint-free cotton swabs (Figure 4-3 on page 4-9).
¢ Use only lint-free cotton swabs.
* Use only isopropyl alcohol as a solvent. Do not spray solvent directly onto connector surfaces.

e Only dampen the cotton swab with solvent. Do NOT saturate it. Use only enough solvent to clean
the surface.

e Make sure that the cotton swab is not too large.

* Gently move the cotton swab around the center conductor.

* Never put lateral pressure on the connector center pin.

e Verify that no cotton strands or other foreign material remain in the connector after cleaning.
¢ Use the least possible pressure to avoid damaging connector surfaces.

4. After cleaning with swabs, again use low-pressure compressed air to remove any remaining small
particles and to dry the connector surfaces.

5. Inspect the connectors for cotton strands or other debris after cleaning.
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7]
22
53
25
P 3

@ Do NOT use Industrial Solvents or Water on connector. Use only Isopropyl Alcohol.
Dampen only, DO NOT saturate.

FEMALE

@ Use only isopropyl alcohol and the proper size of cotton swab. Gently rotate the
swab around the center pin being careful not to stress or bend the pin or you will
damage the
connector.

@ Do NOT put cotton swabs in at an angle, or you will damage the connectors.

-

@ Do NOT use too large of cotton swab, or you will damage the connectors.

Index |Description

1 No industrial solvents

2 No Water

3 Use Isopropy! Alcohol

4 Do NOT use Industrial Solvents or Water on connector. Use only Isopropyl Alcohol. Dampen only,

Do NOT saturate.

Use only isopropy! alcohol and the proper size of cotton swab. Gently rotate the swab around the center
pin being careful not to stress or bend the pin or you will damage the connector.

Do NOT put cotton swabs in at an angle, or you will damage the connectors.
7 Do NOT use too large of cotton swab, or you will damage the connectors.

)]

Figure 4-3. Connector Cleaning
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Chapter 5 — Using the Power Master

5-1 Introduction

This section presents common procedures for using the MA245xxA Power Master with a PC. These procedures
refer to the MA245xxA Power Master and to the Anritsu PowerXpert PC application buttons and menus that
were previously described. Before attempting these procedures, you should be familiar with the Anritsu
PowerXpert PC application.

Power Master Overview
The MA245xxA Power Master is illustrated in the figure below.

MA245xxA

Index Description

MA245xxA Power Master

RF input: V male
RF input: W1 male

2 Trigger Port (Inactive)

3 Status LED

4 USB Type C Port (for connection with a PC or Anritsu handheld instrument)
5 Reference Port (for service only)

Figure 5-1. MA245xxA Power Master Connection View
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5-2 Basic Power Measurement

1. Connect the power analyzer to a computer as shown in Figure 5-2.

2. Open the Anritsu PowerXpert application.

Do not apply power outside of the power analyzer specifications or permanent damage may result.

Warning Connect a fixed attenuator to the output connector when power exceeds +30 dBm.

Before connecting the power analyzer to another device, ensure the following:
* ESD precautions are observed.
¢ Both connectors are in good condition and undamaged.
e Pin depth is verified.
e Both connectors are clean.

¢ Ensure the output of the device you are connecting to does not exceed the signal limits of
the power analyzer.
Caution « » .
* Refer to Chapter 4, “Power Analyzer Care” for complete details.
When connecting the power analyzer, ensure the following:
¢ The connectors are aligned before mating.
¢ Do not turn the connector body—only turn the connector coupling nut.
e Torque the connection using the correct torque wrench and proper torquing technique.

* Do not over torque.

e Refer to Chapter 4, “Power Analyzer Care” for complete details.

MA24507A

Optional
Attenuator

/nritsu
MA24507A
PowerMaster (+)

Figure 5-2. Measurement Setup

3. Connect the RF source to the RF IN port of the power analyzer. Read the power measurement from the
Anritsu PowerXpert application window (power readings are continuous with the default setting).

Connecting the DUT

RF signal connections are made to the male RF connector, which has a 50 ohm characteristic impedance. When

connecting to the male connector of the power analyzer, observe the following practice for tightening the
connection:

1. While holding the body of the power analyzer in one hand, turn the male connector nut to finger-tighten

the connection. Do not turn the body of the power analyzer as this will cause excessive wear to the
connector.

2. Back off the connection by turning the connector nut counter clockwise 1/4 turn.

3. Tighten the connection (clockwise) using a 8 in-Ib torque wrench (Anritsu part number: 01-201).
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Zeroing the Power Analyzer

Zeroing the MA245xxA Power Master is not required. All calibration factors, as well as temperature
corrections, are stored in the power analyzer. Therefore, there is no need for a reference calibration with the
Power Master.

5-3 Error States

This section details some of the error messages that may appear on the application screen. In most cases, the
error condition can be easily corrected. The status LED for MA245xxA Power Master will blink green when an
error state occurs. If the error condition cannot be corrected, note the error message and contact an Anritsu
Service Center.

Table 5-1. MA245xxA Power Master Error Messages

Message Description Resolution
Temp Out of Range The power analyzer is operating outside of its Operate the power analyzer within
specified range of 0 °C to 50 °C. its specified range.
REDUCE POWER, Max This message appears on the application The maximum input power
Power Exceeded screen if excess power is applied to the power | damage level is +30 dBm.
analyzer. Reduce the input power to the
power analyzer to within
acceptable limits (< 20 dBm).
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Chapter 6 — Power Master Operational
Testing

6-1 Introduction

The test methodology and equipment described here can be used to gain some confidence in the measurement
accuracy of the MA245xxA Power Master. This is accomplished by comparing the power analyzer to another
power analyzer or power sensor with a specified cal factor and linearity performance or uncertainty. All tests
should be performed at an ambient temperature of 25 °C to 30 °C.

For calibration, verification, and to maintain the factory specifications of your power analyzer, please

Note send the power analyzer to qualified Anritsu Customer Service Centers.

Refer to the following sections for required equipment and test procedures:
¢ “Required Equipment”
e “VSWR Verification”

¢ “Frequency Response Test”

6-2 Precautions

Do not apply power outside of the power analyzer specifications or permanent damage may result.

Warning Connect a fixed attenuator to the output connector when power exceeds +30 dBm.

Before connecting the power analyzer to another device, ensure the following:
¢ Both connectors are in good condition and undamaged
¢ Pin depth is verified
¢ Both connectors are clean

¢ Ensure the output of the device you are connecting to does not exceed the signal limits of
the power analyzer

* ESD precautions are observed
Caution « » :
¢ Refer to Chapter 4, “Power Analyzer Care” for complete details.
When connecting the power analyzer, ensure the following:
¢ The connectors are aligned before mating
* Do not turn the connector body—only the connector coupling nut.
¢ Torque the connection using the correct torque wrench and proper torquing technique.

¢ Do not over torque.

* Refer to Chapter 4, “Power Analyzer Care” for complete details.
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6-3 Required Equipment

Required Equipment for MA24507A Power Master is listed in Table 6-1. Required Equipment for MA24510A Power
Master is listed in Table 6-2.

Table 6-1. Required Equipment for MA24507A Power Master

Equipment Description

Manufacturer and
Model

Critical Specifications

Vector Network Analyzer

Anritsu
MS4647B (70 GHz)

Reflection Coefficient

UNC <0.012, 50 MHz to 26.5 GHz
UNC <£0.018, 26.5 to 40 GHz
UNC <0.026, 40 to 50 GHz

UNC < 0.034, 50 to 67 GHz

Synthesizer

Anritsu
MG3697C (70 GHz)

Frequency range 50 MHz to 67 GHz
Output power +5 dBm
Output SWR <2.0

Reference Power Meter

Rhode Schwarz NRP2

Instrumentation Accuracy < 0.5 %

Reference Power Sensor

Rhode Schwarz
NRP-Z57 (67 GHz)

NIST Calibration or equivalent

10 dB Attenuator

Anritsu
41V-10 (60 GHz)

VSWR =1.15, DC to 12 GHz
VSWR =£1.20, > 12 to 18 GHz
VSWR =1.25, > 18 to 26.5 GHz
VSWR =1.40, > 26.5 to 40 GHz
VSWR =1.90, > 40 to 60 GHz

Personal Computer Any See Chapter 2
Type V Calibration Kit Anritsu
3654D

Table 6-2. Required Equipment for MA24510A Power Master

Equipment Description

Manufacturer and
Model

Critical Specifications

Vector Network Analyzer

Anritsu
ME7838A (110 GHz)

Reflection Coefficient

UNC <0.015, 50 MHz to 26.5 GHz
UNC <0.016, 26.5 to 40 GHz
UNC <0.017, 40 to 50 GHz

UNC < 0.020, 50 to 67 GHz

UNC <0.028 67 to 110 GHz

Synthesizer

Anritsu
MG3697C (70 GHz)

Frequency range 50 MHz to 67 GHz
Output power +5 dBm
Output SWR <2.0

Multiplier (used with synthesizer)

Norden
ND75110GO0OPO

Keysight E3631A
Flann 27373-WF60

Output Frequency 75 to 110 GHz

12 VDC Output (supply for multiplier)

Adapter inlineWR10 to 1mm female (adapter for

multiplier output)

Reference Power Sensor

Rhode Schwarz
NRP-Z58 (110 GHz)

NIST Calibration or equivalent

Adapter Anritsu 34WFV50 For testing MA24510A below 75 GHz.
Type W1 Calibration Kit Anritsu

36568
Personal Computer Any See Chapter 2
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6-4 VSWR Verification

The most common cause of power analyzer failure is excess input power. Applying power exceeding the damage
level shown on the label will damage the power analyzer’s sensing element resulting in impedance change.
Input match will be degraded when element impedance is changed. If you suspect that a power analyzer is
damaged, you should start with an input match pretest.

Test Procedure

Follow the manufacturer’s S11 (input return loss) calibration procedure to perform calibration on the vector
network analyzer. Connect the power analyzer to the vector network analyzer test port and measure power

analyzer input match. Typically, return loss are expressed in dB, which can be interconverted to Reflection

Coefficient and VSWR as follows:

p = 107RL/20

RL =-20logp

VSWR=Q1+p)/(1-p)

p =(VSWR -1) / (VSWR+1)

where

RL = Return Loss in dB

p = Magnitude of the Reflection Coefficient
VSWR = Voltage Standing Wave Ratio

Record the measured data into Table 6-3 under the Actual Measurement column. The Actual Measurement
should be smaller than the Maximum Reflection coefficient. The Maximum Reflection Coefficient is equal to
the measurement system uncertainty added to the power analyzer’s reflection coefficient specification. If the
Actual Measurement reflection coefficient is larger than the Maximum Reflection Coefficient, then the power
analyzer may be defective. If the actual reflection coefficient is significantly larger than the maximum values
in Table 6-3, then the power analyzer is damaged and it is not necessary to perform further testing.

There are no user-serviceable parts inside the power analyzer. Contact your local Anritsu Service

Note Center and return defective power analyzer with a detailed description of the observed problem.

Table 6-3. MA24507A Reflection Coefficient Measurement Result

Reflection Coefficient Maximum Reflection
Frequency Uncertainty Coefficient (Typical) Actual Measurement
50 MHz to 12.4 GHz 0.012 0.126+0.012 =0.138
12.4 t0 26.5 GHz 0.012 0.16+0.012=0.172
26.51t0 40 GHz 0.018 0.2+0.018 =0.218
40 to 50 GHz 0.026 0.251+0.026 = 0.277
50 to 67 GHz 0.034 0.355+0.034 = 0.389
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Table 6-4. MA24510A Reflection Coefficient Measurement Result

Reflection Coefficient

Maximum Reflection

Frequency Uncertainty Coefficient (Typical) Actual Measurement
50 MHz to 12.4 GHz 0.015 0.126+0.015=0.141
12.4 t0 26.5 GHz 0.015 0.251+0.015=0.266
26.5 to 40 GHz 0.016 0.251+0.016=0.257
40 to 50 GHz 0.017 0.251+0.017=0.268
50 to 67 GHz 0.020 0.355+0.020=0.375
67-110 GHz 0.028 0.355+0.028=0.383
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6-5 Frequency Response Test

In this test the frequency response of the power analyzer is tested at one low power level against a reference
power sensor or power analyzer of known measurement uncertainty. The reference power sensor or

power analyzer should be calibrated by a reputable standards laboratory using instruments with low
published measurement uncertainty values. To perform the comparison, both power sensors or power
analyzers are used to measure the output power of a synthesizer with a high quality attenuator at the output.
The attenuator improves the source match of the synthesizer by lowering the mismatch ripples, thereby
lowering the uncertainty in the comparison.

Test Procedure for MA245xxA Power Master

1. Set up the equipment as follows (refer to Figure 6-1 for an illustration and Table 6-1 for the required
equipment):

a. Preset all test equipment.

. Reference power sensor and power meter (if needed). Not shown in the Figure 6-1.
. Connect the USB cable between the computer and MA245xxA Power Master.

. Launch the PowerXpert application.

. Power up all test equipment for the amount of time specified in their manuals.

Connect the attenuator to the synthesizer with appropriate adapter (if required).

QR m 0 o 60 T

. Connect the reference sensor to the attenuator. Turn Off synthesizer RF output.

@ MA245xxA

—_

O

Index |Description

1 Synthesizer
2 10 dB Attenuator
3 Adapter

4 MA245xxA Power Master
5 PC with Anritsu PowerXpert Application

Figure 6-1. MA245xxA Power Master < 67 GHz Frequency Response Setup
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Index |Description

Synthesizer

2 Frequency Multiplier

3 MA245xxA Power Master

4 PC with Anritsu PowerXpert Application

Figure 6-2. MA24510A Power Master 71 to 110 GHz Frequency Response Setup
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. Set synthesizer power to 5 dBm and frequency to 50 MHz CW. Turn On RF output.

. Apply the Cal Factor to the reference sensor.

. Record the power indicated by the reference meter or virtual power meter software in Table 6-5.
. Set synthesizer frequency to the next frequency in Table 6-5.

. Repeat Steps 3 thru 6 until all frequencies are measured.

. Turn Off RF output. Disconnect the reference sensor and connect MA245xxA Power Master to the

attenuator.

8. Set synthesizer frequency to 50 MHz CW. Turn On RF output.

9. Set to Continuous Mode: Mode = Channel power, Span = 1MHz, Units =dBm, Range = Upper,

10.
11.
12.

13.
14.

15.

Averages = 64

Enter test frequency in GHz on PowerXpert.

Record the power indicated by the MA245xxA Power Master.
Set synthesizer frequency to the next frequency.

e Note: The frequency multiplier doubles the frequency, so the synthesizer frequency must be set to
1/2 the test frequency with the 71 to 110 GHz setup.

Repeat Steps 10 through 13 until all frequencies are measured.

Calculate the absolute difference between the Reference power and MA245xxA Power Master
measurement.

Compare the power difference to the maximum allowed difference specified. If the difference exceeds the
maximum allowed difference, contact Anritsu Customer Service.
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6-5 Frequency Response Test

Table 6-5. MA245xxA Power Master Test Measurement Results

A B |A-B|
MA245xxA
Absolute Value of Maximum
Reference Power MA245xxA Difference in Power Allowed

Frequency Measurement Measurement Measurements Difference
(GHz) (dBm) (dBm) (dB) (dB)
0.05 1.3
1.0 1.8
5.0 1.8
10.0 1.8
20.0 1.8
30.0 1.8
40.0 1.8
50.0 2.0
60.0 2.0
67.0 2.0
71.0 2.2
89.0 2.2
109.0 25

MA245xxA PowerMaster UG

PN: 10585-00029 Rev. C
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Chapter 7 — Remote Operation

7-1 Introduction

This chapter describes the remote programming for the MA245xxA Power Master. This chapter contains all of
the SCPI commands (required and native) that are implemented in the instrument. The SCPI commands are
grouped by their respective subsystems. For each subsystem, the commands described in detail in the listing.
The notation corresponds to one of the SCPI standards to a large extent.

Device Driver for MS Windows

The power analyzer device driver .inf file should be installed in Microsoft Windows. The device driver contains
the device specific configuration or settings, such as USB Vendor ID (VID) and Product ID (PID), to bring the

power analyzer online. The device driver is installed automatically by the PowerXpert installation. To install

manually:

1. Open Windows Device Manager by clicking Start and typing “Device Manager”, then opening the first
result.

2. If the drivers are not already installed, when connected to the PC, the device may show in the Device
Manager as “Westbridge” or “Unknown Device”. Locate the power analyzer in the Device Manager tree
by finding the new entry that is added when the device gets connected to the PC.

. Right click the device in Windows Device Manager and select Update Driver Software...
. Click “Browse my computer for driver software”.

. Click “Let me pick from a list of device drivers on my computer”.

. Click “Have Disk...”

. Browse to and select the device driver appropriate for your PC.

. Click “Next”.

. Allow the driver to finish installing. Windows User Account Control may ask if you want to install the
driver.

10. Click yes.

11. Run Anritsu Device Monitor to automatically load the firmware. You will see a Windows error message
stating that the backend loader is incomplete. This is to be expected. At this point, the device will
re-enumerate as a different device. The drivers will need to be installed again for this new device. Repeat
Step 2 through Step 9

© 00 3 O Ot =W

The Device Monitor appears in the system tray and provides the MA245xxA Power Master details.

[ Anritsu Device Monitor l = ‘ =] Ijh_r

=R MA24507A Power Master |
i Model: MA24507A

i Serial Num:160101

- VID_OB5B PID_FF86

.. Backend: 9036

Figure 7-1. Device Monitor
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Remote Programming Interface

The MA245xxA Power Master utilizes Super Speed USB 3.0 technology for speed and power and communicates
using SCPI commands. In order to provide the SCPI interface via TCPIP socket, the Anritsu Device Monitor
must be running on the PC where the device is connected. The Anritsu Device Monitor will recognize when the
device 1s plugged in and launch the necessary background software automatically.

Applications may handle the network socket communication themselves and control the

MA245xxA Power Master using the SCPI command set. The IP address of the instrument is the IP address of
the PC to which the power analyzer is physically connected. If the software is running on the same PC, then
the address would be “localhost” or 127.0.0.1, and the network socket port number used by MA245xxA Power
Master is 9001. The MA245xxA Power Master can also be controlled remotely using National Instruments
VISA using TCPIP mode.

7-2 IEEE 488.2 Commands

The IEEE-488.2 commands are defined in the IEEE-488.2 standard and must be implemented by all SCPI
compatible instruments. The mandated commands listed in Table 7-1 are identified by the asterisk (*) at the
beginning of the command keyword. These commands are used to control instrument status registers, status
reporting, synchronization, and other common functions.

Table 7-1. |EEE 488.2 Mandated Commands

*CLS *IDN? *RST STB?
*ESE *OPC *SRE* *WAI
*ESE? *OPC? SRE?
*ESR?

7-3 Command Requirements

Query Commands

All commands, unless specifically noted in the commands syntax descriptions, have a query form. As defined in
IEEE-488.2, a query is a command with a question mark symbol appended: (examples: *IDN?)

When a query form of a command is received, the current setting associated with the comm and is placed in the
output buffer. Query commands always return the short form of the parameter unless otherwise specified.
Boolean values are returned as 1 or 0, even when they can be set as on or of f.

Data Parameters

Data parameters, referred to simply as “parameters,” are the quantitative values used as arguments for the
command keywords. The parameter type associated with a particular SCPI command is determined by the
type of information required to control the particular instrument function. For example, Boolean (ON | OFF)
type parameters are used with commands that control switch functions.

Some command descriptions specify the type of data parameter to be used with each command. The most
commonly used parameter types are numeric, extended numeric, discrete, and Boolean.

Numeric

Numeric parameters comprise integer numbers or any number in decimal or scientific notation, and may
include polarity signs. This includes <NR1>, <NR2>, and <NR3> numeric data as defined in “Data Parameter
Notations” below.
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7-3 Command Requirements

Extended Numeric

Extended numeric parameters include values such as MAXimum and MINimum.

Discrete

Discrete parameters, such as INTernal and EXTernal, are used to control program settings to a predetermined
finite value or condition.

Boolean

Boolean parameters represent binary conditions and may be expressed as ON, OFF or 1, 0.

Data Parameter Notations

The following syntax conventions are used for data parameter descriptions in this manual:

Table 7-2. Parameter Notations
<arg> ::=a generic command argument consisting of one or more of the other data types
<bNR1> ::=boolean values in <NR1> format; numeric 1 or 0
<boolean> ::=ON | OFF. Can also be represented as 1 or 0, where 1 means ON and 0 means OFF
Boolean parameters are always returned as 1 or 0 in <NR1> format by query commands
<integer> ::=an unsigned integer without a decimal point (implied radix point)
<NR1> ::=a signed integer without a decimal point (implied radix point)
<NR2> ::=a signed number with an explicit radix point
::=a scaled explicit decimal point numeric value with and exponent
<NR3> ; .
(e.g., floating point number)
<NRf> ::=<NR1>|<NR2>|<NR3>

<numeric_value>

::=SCPI numeric value: <NRf>|MINimum|MAXimum|UP|DOWN|DEFault|NAN (Not A
Number)|INFinity|NINFinity (Negative Infinity) or other types

<char> ::==<CHARACTER PROGRAM DATA> Examples: CW, FIXed, UP, and DOWN
<string> ‘:‘:=<S;I'RING PROGRAM DATA> ASCII characters enclosed by double quotes. For example:
OFF
<block> ::=IEEE-488.2 block data format
<NA> ::=Not Applicable
Unit Suffixes

Unit suffixes are not required for data parameters, provided the values are scaled for the global default units.
The instrument SCPI default units are:

» Hz (Hertz) for frequency related parameters

¢ s (seconds) for time related parameters

¢ m (meters) for distance related parameters

* dB relative power value

¢ dBm absolute power value

MA245xxA PowerMaster UG
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7-4 Notational Conventions

The SCPI interface standardizes command syntax and style that simplifies the task of programming across a
wide range of instrumentation. As with any programming language, the exact command keywords and
command syntax must be used. Unrecognized commands or improper syntax will not function.

Table 7-3. Notational Conventions

A colon links command keywords together to form commands. The colon is not an actual part of the
keyword, but is a signal to the SCPI interface parser. A colon must precede a root keyword immediately
following a semicolon.

A semicolon separates commands if multiple commands are placed on a single program line.

[1 Square brackets enclose one or more optional keywords.

{} Braces enclose one or more keyword or command parameters that may be included one or more times.

A vertical bar indicates “or” and is used to separate alternative parameter options.
Example: ON | OFF is the same as ON or OFF.
<> | Angle brackets enclose parameter descriptions.

R Means “is defined as” For example: <a>::=<b><c> indicates that <b><c> can replace <a>.

Space, referred to as white space, must be used to separate keywords from their associated data

P parameters. It must not be used between keywords or inside keywords.

XXX | Indicates a root command name

For further information about SCPI command syntax and style, refer to the Standard Commands for
Programmable Instruments (SCPI) 1999.0 document.

7-5 Programming the MA245xxA Power Master

Send and Receive Format

Every network socket communication with the power analyzer must be suffixed with the line feed (LF)
character (ASCII 0x0A). Every response from the power analyzer is also suffixed with the same character
(except when using Microsoft HyperTerminal, which uses a carriage return as the identifier). The power
analyzer will not respond to any commands until it receives a line feed character. All commands and responses
mentioned in this document are assumed to be suffixed with a new line character. The following considerations
must also be observed:

e Command arguments presented in this document are enclosed in angle brackets: <argument>. The angle
brackets are not included as part of the actual argument.

* Floating point numbers are truncated to integers by commands that only use integers as input. For
example, if the number of averages is set as 2000.937, the value is truncated to 2000.

Error Responses

When using network socket communication and SCPI commands, any unrecognized command will be ignored
and a message will be added to the error queue. Error messages can be read and removed from the queue using
the SYST:ERR? query.
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7-5 Programming the MA245xxA Power Master

Default Power Analyzer Settings

The power analyzer settings in Table 7-4 apply to the MA245xxA Power Master.

Table 7-4. General Default Settings

Setting Command Default Value
Average Count | [ : SENSe] : AVERage : COUNt 10
Average State | [ : SENSe] : AVERage : STATe 0
Center Frequency | [ : SENSe] : FREQuency:CENTer 35,000,004,500
Channel Power State | [ : SENSe] : CHPower : STATe 0
[ ]

Channel Width | [ : SENSe] : FREQuency:CHWidth 69,999,991,000
CW Max Count | :CALCulate:CWMax:COUNt 1
CW Max Threshold Level | : CALCulate:CWMax:THReshold 0
CW Max Threshold State | : CALCulate:CWMax:THReshold:STATe 0
Preamp State | [ : SENSe] : POWer:RF:GAIN:STATe 0
Relative Mode | [ : SENSe] : POWer:RELative 0

Resolution | [ : SENSe] :RESolution[?] LOW

Sweep Type | : INITiate:CONTinuous 1

MA245xxA PowerMaster UG
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Remote Operation

7-6

System Common Commands

The set of system common commands are primarily used to control the state of the instrument for system
diagnostics, hardware calibration, and troubleshooting.

*CLS

Title:
Description:

*ESE <NR1>
*ESE?

Title:
Description:

Parameters:
Query Output:
Range:

*ESR?

Title:

Description:

*IDN?

Title:
Description:

*OPC <NR1>
*OPC?

Title:
Description:

Parameters:

Query Output:

Clear Status Command

This command clears all status data structures in the device (registers and error queue)
and forces the Operation Complete state to Idle.

Standard Event Status Enable

This command provides access the Standard Event Status Enable Register. Refer to
IEEE 488.2 for more information on the contents of this register.

<NR1>
<NR1>
0 to 255

Standard Event Status

This command queries the Standard Event Status Register. Refer to IEEE 488.2 for more
information on the contents of this register.

Identification Query

This command returns the following information in <string> format separated by
commas: manufacturer name (“Anritsu”), model number, serial number, firmware
package number. The model number and options are separated by a “/” and each option is
separated by a “/”.

Operation Complete

The *OPC command causes the device to set the OPC bit of the Standard Event Status
Register on the next transition of the No Operation Pending flag from false to true. The
*OPC? command returns 1 in the response whenever the No Operation Pending Flag is
true.

N/A
<NR1>
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7-6 System Common Commands

*RST
Title:

Description:

*SRE <NR1>
*SRE?

Title:
Description:

Parameters:
Query Output:
Range:

*STB?
Title:
Description:

Query Output:

*WAI
Title:
Description:

Reset

This command restores most application and system settings to their factory default
value. System settings affected by this command are Ethernet configuration. Note that
the unit will power-cycle after this command is executed. After executing this command
communication will be lost. Wait a minimum of 30 seconds before re-establishing
communication.

Service Request Enable

Service Request Enable. The command sets the Service Request Enable Register bits. A
zero value in the command resets the register. The query returns the value of the Service
Request Enable Register in <NR1> format. Bit 6 is always zero.

<integer>
<NR1> Returns the value of the Service Request Enable Register
0 to 255

Status Byte Query

This command queries the Status Byte Register. Refer to IEEE 488.2 for more
information on the contents of this register.

<NR1>

Wait-to-Continue Command

This command causes the device to execute no further commands or queries until the
No Operation Pending flag is TRUE.

MA245xxA PowerMaster UG
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7-7 System Commands

System commands control instrument functions and some general purpose functions.These commands affect
instrument functionality that does not directly relate to data collection, display or transfer.

:SYSTem: ERRor [ : NEXT] ?

Title: System Error Queue

Description: If an error occurs, the error number and message are placed in the error queue, which
can be read by this query command. Errors are cleared by reading them.

Error code 0, 1s “No error”.

Error codes from —100 to —199 belongs to the Command error category and sets bit 5 of
the standard ESR register.

Error codes from —200 to —299 belongs to the Command error category and sets bit 4 of
the standard ESR register.

Error codes from —400 to —499 belongs to the Query error category and sets bit 2 of the
standard ESR register.

Error codes from —300 to —399 and 1 to 32767 belongs to the Device-specific error and
sets bit 3 of the standard ESR register.

Negative error numbers (command error, execution error, device-dependent error, query
error) are standard SCPI errors.

Positive error numbers are device specific errors, not standard SCPI errors.

The error queue is also cleared by *CLS, *RST, and when power is turned on. If more
errors have occurred than can fit in the buffer, the last error stored in the queue (the
most recent error) is replaced with —350, Queue overflow. No additional errors are stored
until removing errors from the queue. If no errors have occurred when reading the error
queue, the instrument responds with 0, No error.

:SYSTem: PRESet

Title: Preset

Description: This command presets parameters in the current application to their factory default
values.

7-8
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7-8 MA245xxA Power Master Commands

7-8

MA245xxA Power Master Commands

General purpose commands for the MA245xxA Power Master are used to set/read the general settings of the
power analyzer. These commands are not mode or trigger dependent. The following considerations must also

be observed:

¢ Command arguments presented in this document are enclosed in angle brackets: <argument>. The angle
brackets are not included as part of the actual argument.

¢ Only SCPI commands that contain a question mark (?) called queries will return a value. No response
should be expected for non-query commands.

:ABORt

Title:
Description:

Abort

Resets the trigger system. This has the effect of aborting the sweep or any measurement
that is currently in progress. Additionally, any pending operation flags that were set by
initiation of the trigger system will be set to false. If :INITiate:CONTinuous is OFF (i.e.
the instrument is in single sweep mode), send the command :INITiate[:IMMediate] to
trigger the next sweep. If :INITiate:CONTinuous is ON (i.e. the instrument is in
continuous sweep mode) a new sweep will start immediately.

:CALCulate:CWMax:COUNt <integer>
:CALCulate:CWMax:COUNt?

Title:

Description:
Parameters:
Query Output:
Default Value:
Range:

Peak Count.

The desired number of measured signals to be reported by :FETC:CWMax? query.
<integer>

<integer>

1

1to6

:CALCulate:CWMax:THReshold <numeric_ value>{DBM}
:CALCulate:CWMax:THReshold?

Title:

Description:

Parameters:
Query Output:
Default Value:

Default unit:

Range:

CW Max Threshold Level

Sets the threshold level which measured power must exceed to be reported by
:FETC:CWMax? query.

<numeric_value> {DBM}
<NR2> Returns value in dBm
0 dBm

dBm

—150 dBm to 30 dBm

MA245xxA PowerMaster UG
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:CALCulate:CWMax: THReshold:STATe <0|1|ON|OFF>
:CALCulate:CWMax: THReshold:STATe?

Title:

Description:

Parameters:
Query Output:
Default Value:

:FETCh:CWMax?
Title:

Description:

Parameters:

Query Output:

Default Value:

:FETCh: POWer?
Title:
Description:

Parameters:

Query Output:

CW Max Threshold State

Turn ON | OFF the threshold that the power must exceed to be reported by a
:FETch:CWMax? query.

<0|1|ON|OFF>
01
OFF

Fetch CW Max Power

Returns the most recent CW max power measurement result. If the instrument is not
sweeping and the current data is not valid, it will return error —230. This could occur if
there was a *RST immediately before the :FETChCWMax? or if a measurement
parameter was changed without an :INITiate, and the query will return the string "nan".

N/A

<NR2> returns a comma-delimited list of CW Max power measurement result pairs as
<frequency in Hz, power in dBm>

0

Fetch Channel Power

Returns the most recent integrated power measurement result. If the instrument is
measuring, it will not return until the measurement is complete. If the instrument is not
measuring and the current data is not valid it will return error —230. This could occur if
there was a *RST immediately before the :FETCh? or if a measurement parameter was
changed without an :INITiate. If the measurement is not enabled with
[:SENSe]:CHPower:STATe then, the instrument will indicate error —400 and return the
string "nan"

N/A

<NR2> Returns the most recent integrated power measurement result in dBm.
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:INITiate:CONTinuous <0|1|ON|OFF>
:INITiate:CONTinuous?

Title:

Description:

Parameters:
Query Output:
Default Value:

Sweep Type

Specifies whether the sweep/measurement is triggered continuously. If the value is set to
ON or 1, another sweep/measurement is triggered as soon as the current one completes.
If continuous is set to OFF or 0, the instrument remains initiated until the current
sweep/measurement completes, then enters the “idle” state and waits for the
:INITiate[:IMMediate] command or for :INITiate:CONTinuous ON.

If :INITiate:CONTinuous is changed to ON before the current sweep/measurement
completes, a new sweep/measurement will be continuously triggered as soon as the
current sweep/measurement completes. If :INITiate[:IMMediate] is received before the
current sweep/measurement completes, it will be ignored. Clients must either wait for
the current sweep/measurement to complete before triggering a 'single sweep', or :ABORt
the sweep/measurement after setting :INITiate:CONTinuous to OFF (which will cause
the instrument to immediately enter the idle state where it can accept new triggers).

The default value is ON. That is, sending :INIT:CONT is equivalent to sending
:INIT:CONT ON. The query version of the command returns a 1 if the instrument is
continuously sweeping/measuring and returns a 0 if the instrument is in single
sweep/measurement mode.

<0|1|ON|OFF>
0|1
ON

:INITiate[:IMMediate]

Title:
Description:

Initiate measurement

Triggers a measurement

MA245xxA PowerMaster UG PN: 10585-00029 Rev. C 7-11
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:STATus :OPERation|[ :EVENt] ?
Title: Get Operation Status

Description: This command requests information about the current status of the instrument. Each bit
of the return value represents some operation. Only a subset of the bits are implemented
for each application. The number returned is the decimal representation of the bit-wise

OR of the enabled bits:

Bit Decimal Value Description
0 1 Not implemented
1 2 Not implemented
2 4 Not implemented
3 8 Not implemented
4 16 Not implemented
5 32 Not implemented
6 64 Not implemented
7 128 Not implemented
8 256 Sweep Complete

The Sweep Complete bit is set to 0 when the command :INITiate[:IMMediate] is sent to
trigger a sweep. It will have a value of 1 when the sweep has completed.

Query Output: <NR1> Returns value 0 to 256
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[ : SENSe] :AVERage :COUNt <numeric_ value>
[ : SENSe] : AVERage : COUNt?

Title:
Description:
Parameters:

Query Output:
Default Value:

Range:

Sense Average Count

Sets the effective number of averages.
<numeric_value>

<NR2>

10

2 to 1000

[ : SENSe] : AVERage: STATe <0|1|ON|OFF>
[ : SENSe] : AVERage : STATe?

Title:
Description:

Parameters:
Query Output:
Default Value:

Sense Average State

Specifies whether successive power readings are averaged or not. Turning average state
to ON will cause the measured power value to be the average of the last <integer>
measured values where <integer> is set by [:SENSe|:AVERage:COUNTEt. This setting only
applies when the [:SENSe]:CHPower:STATe is also ON.

<0|1|ON|OFF>
01
OFF

[ : SENSe] : CHPower:STATe <0|1|ON|OFF>
[ : SENSe] :CHPower :STATe?

Title:
Description:
Parameters:

Query Output:
Default Value:

Channel Power State

Sets the state of the channel power measurement, ON or OFF.
<0|1|ON|OFF>

01

OFF

[ : SENSe] : FREQuency :CENTer <numeric_ value>{HZ|KHZ|MHZ |GHZ}
[ : SENSe] : FREQuency : CENTer?

Title:
Description:

Parameters:
Query Output:
Default Value:

Default Unit:

Range:
Range:

Center Frequency

Sets the center frequency. Note that changing the value of the center frequency will
change the value of the coupled parameters Start Frequency and Stop Frequency. It may
also change the value of the span.

<numeric_value> HZ | KHZ | MHZ | GHZ
<NR2> Returns frequency value in Hz
35000004500

Hz

9500 Hz to 69999999500 Hz (MA24507A)
9500 Hz to 110999999500 Hz (MA24510A)

MA245xxA PowerMaster UG
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[ : SENSe] : FREQuency :CHWidth <numeric_value>{HZ|KHZ |MHZ |GHZ}
[ : SENSe] : FREQuency : CHWidth?

Title:

Description:

Parameters:
Query Output:
Default Value:

Default Unit:

Range:

Channel Width

Sets the channel width for power measurements. The measured channel is centered
around the [:SENSe]:FREQuency:CENTer value. The center frequency plus half the
channel width may not exceed the maximum measuring frequency of the instrument.

<numeric_value> HZ | KHZ | MHZ | GHZ
<NR2> Returns frequency value in Hz
69999991000

Hz

1000 Hz to 69999991000 Hz

[ : SENSe] : POWer:RELative <0|1|ON|OFF>
[ : SENSe] : POWer:RELative®?

Title:

Description:

Parameters:
Query Output:
Default Value:

Relative Power Mode

When the user enables Relative Mode the software begins to give power readings relative
to the most recent power read before the command was sent. When Relative Power Mode
is ON, all results returned by the :FETCh:POWer? and :FETCh:CWMax? queries are in
units of dB as opposed to dBm.

<0|1|ON|OFF>
01
OFF

[ : SENSe] : POWer :RF:GAIN:STATe <0|1|ON|OFF>
[ :SENSe] : POWer:RF:GAIN:STATe?

Title:

Description:

Parameters:
Query Output:
Default Value:

Preamp

Sets the state of the internal amplifier for improved accuracy when measuring low-power
signals.

<0|1|ON|OFF>
01
OFF
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[ :SENSe] :RESolution HIGH|MEDium|LOW
[ :SENSe] :RESolution?
Title: Power Resolution Mode

Description: Specifies the resolution of the power measurement in CW max mode only. The resolution
determines the relative precision of the frequency reported when getting the CW max
power results with the :FETCh:CWMax? query. There is a trade-off between
measurement speed and resolution so HIGH resolution will produce fewer measurements
per unit time than LOW resolution.

Parameters: HIGH | MEDium | LOW
Query Output: LOW, MED, or HIGH
Default Value: LOW
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Appendix A — Installing the MA245xxA
Demo Application

A-1 Introduction

The MA245xxA Demo Application allows you to interface with the MA245xxA Power Master using the remote
programming protocol.

A-2 Preliminary Setup

Before loading the MA245xxA Demo App from the Anritsu Website:
¢ Install the PowerXpert program.

* Do not open the PowerXpert program as this will prevent the MA245xxA Demo Application from
connecting to the Power Master.

¢ Launch the Anritsu Device Monitor (installed with PowerXpert).
e Connect the MA245xxA Power Master.

A-3 Loading the MA245xxA Demo Application

The MA245xxA Demo Application is available on the Anritsu Website. Go to http://www.anritsu.com to find
and load the MA245xxA Demo Application. From the Anritsu Website:

1. Select the DOWNLOAD CENTER button.

2. Enter MA245xxA in the “Search by product Model Number” field.
3. Select SEARCH.

4. Select MA245xxA Demo Application.

¢ Once the MA245xxA Demo Application is selected, you will see the demo application interface
screen appear as in Figure A-1.

x

o-! PowerMasterDemo |

Connect to Sensor l

Command :

Status :

Figure A-1. Demo Application Connection Screen

MA245xxA PowerMaster UG PN: 10585-00029 Rev. C A-1


http://www.anritsu.com/en-US

A-3 Loading the MA245xxA Demo Application

5. Select “Connect to GS Sensor”.

¢ You will see a message appear in the Status field “Connected to the GS Sensor” as shown in
Figure A-2

o=l PowerMasterDemo | 23 |

Connect to Sensor ]

Status :
Connected to G5 Sensor

Figure A-2. Connected to Sensor Screen

6. Confirm connection by selecting the pull-down arrow of the “Command:” field.

* You will see the commands available as shown in Figure A-3.

~ %
ot PowerMasterDemo ﬁ

Connect to Sensor ]

Command : H Execute

“IDN?
) FREQ:CENT?
Status:  ACQ:MODE?
Connected to G5 Sensor

LN

Figure A-3. Power Master Interface Commands
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A-3 Loading the MA245xxA Demo Application

7. Select *IDN.
8. Select the “Execute” button.

You will see a status string appear as in Figure A-4. Assure that the latest firmware is installed in
your MA245xxA Power Master.

o PowerMasterDemo L= |

Connect to Sensor l

Command : “IDN? -

Status -
Anritsu, MAZ4507A test V2016.12.1

Figure A-4. Power Master Status

Once the device is opened successfully, you can select or type-in other commands in the Command drop-down
box. You can find the source code link in your download folder as well.

MA245xxA PowerMaster UG
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Appendix B — Glossary of Terms

B-1 Appendix Overview

The following terms are related to this product and technology.

B-2 Glossary

3 dBrule :

ADC :

ALC :

Analog System :

Analog
Transmission :

Average power :

Averaging :

Band :

The 3 dB rule provides a means to estimate relative power values. A 3 dB gain indicates
that power increases to twice the power (a multiple of 2). A 3 dB loss indicates that power
decreases to half the power (a multiple of 1/2). A system with 40 watts of input power and
a 6 dB insertion loss will have only 10fwatts of output power (a multiple of 1/2 for each 3
dB loss, or 1/4 of 40 watts).

Analog-to-Digital Converter (ADC, A/D or A to D) is an electronic device that converts
continuous signals to discrete digital numbers. The reverse operation is performed by a
digital-to-analog converter (DAC). ADC can uniquely represent all analog input values

within a specified total input range by a limited number of digital output codes. Refer
also to DAC.

Automatic Level Control (ALC)

An Analog system uses an analog transmission method to send voice, video and
data-using analog signals, such as electricity or sound waves, that are continuously
variable rather than discreet units as in digital transmissions. Mobile analog systems
include AMPS, NMT and ETACS.

Analog Transmission refers to signals propagated through the medium as continuously
varying electromagnetic waves.

Average power is the peak power averaged over time and is usually applied to pulsed
systems where the carrier power is switched on and off.

Averaging is performed over the number of measurements specified. When the specified
number is reached, the average is calculated and as the next measurement is finished the
average is recalculated from the new start and end positions.

Band, in telecommunication, refers to the following definitions: 1. The range of
frequencies between two defined limits which are used for a specific purpose. 2. One of
the geopolitical boundaries established to define a WATS (wide-area telephone service)
serving area.
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Bandwidth :

Bandwidth Ratio :

bps :

Broadband :

BUS :

Calibration :

Carrier Frequency :

CDMA :

Bandwidth usually identifies the capacity of a circuit or amount of data that can be sent
through a given circuit. It may be user-specified in a PVC. It is an indication of the
amount of data that is passing over a medium. Also, bandwidth is the portion of the
frequency spectrum required to transmit desired information. Each radio channel has a
center frequency and additional frequencies above and below this carrier frequency
which is used to carry the transmitted information. The range of frequencies from the
lowest to the highest used is called the bandwidth.

Bandwidth Ratio is the ratio of two devices having differing bandwidths, not necessarily
in the same frequency spectrum.

Bits per Second (bps): A measure of speed in a serial transmission.

Broadband refers to telecommunication that provides multiple channels of data over a
single communications medium, typically using some form of frequency or wave division
multiplexing. It is a service or system requiring transmission channels capable of
supporting rates greater than the Integrated Services Digital Network (ISDN) primary
rate.

Broadcast Unknown Server (BUS): in an emulated LAN, the BUS is responsible for
accepting broadcast, multicast, and unknown unicast packets from the LECs (LAN
Emulation Clients) to the broadcast MAC address (FFFFFFFFFFFF) via dedicated
point-to-point connections, and forwarding the packets to all of the members of the ELAN
(Emulated LAN) using a single point-to-multipoint connection.

When making measurements, the instrument must be calibrated in order to remove
residual errors due to measurement setup conditions. Anritsu recommends performing
the calibration under the same conditions as the measurement: temperature, frequency,
number of points, source power, and IFBW. Calibrations standards with known reflection
coefficients are used to calculate the correction factors. The calibration must be
conducted using the appropriate standards at the open end of any test port cables and
adapters that are connected to the instrument. This ensures that the match, phase
length, and loss of these cables and adapters are all accounted for. For optimal
performance, high quality phase-stable cables and precision adapters must be used.

Carrier Frequency refers to the nominal frequency of a carrier wave, the frequency of the
unmodulated electrical wave at the output of an amplitude modulated, the center
frequency of a frequency modulation signal, frequency modulated, or phase modulated
transmitter of the output of a transmitter when the modulation is zero.

Code Division Multiple Access (CDMA) is a second generation (2G) cellular technology
defined by Qualcomm in IS-95 and IS-2000. Other widely used multiple access
techniques for cellular are Time Division Multiple Access (TDMA) and Frequency
Division Multiple Access (FDMA). CDMA technologies are evolving into CDMA2000 to
meet the challenges. CDMAZ2000 is the 3rd Generation solution based on IS-95.

B-2
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Coaxial Cable :

Crest Factor :

CW:

dB:

dBc:

dBm :

dBW :

DC:

DDC:

DDS:

Demodulate :

Coaxial Cable (Coax) is a type of electrical communications medium used in the LAN
environment. This cable consists of an outer conductor concentric to an inner conductor,
separated from each other by insulating material, and covered by some protective outer
material. This medium offers large bandwidth, supporting high data rates with high
immunity to electrical interference and a low incidence of errors. Coax is subject to
distance limitations and is relatively expensive and difficult to install.

Crest factor indicates how extreme the peaks are in a waveform.

Continuous Wave (CW)

Decibel or deciBel (dB) is a logarithmic ratio of the difference between two values (a
logarithm ratio is equal to 10 times). dB is a unit for measuring relative power ratios in
terms of gain or loss. The units of dB are expressed in terms of the logarithm to base 10 of
a ratio and typically are expressed in watts. For example, a -3 dB loss indicates a 50%
loss in power; a +3 dB reading is a doubling of power; 10 dB indicates an increase (or a
loss) by a factor of 10; 20 dB indicates an increase (or a loss) of a factor of 100; 30 dB
indicates an increase (or a loss) by a factor of 1000. Common values of dB expressed in
ratios: 0 dB=1:1, 10 dB=10:1, 20 dB = 100:1, 30 dB = 1000:1, -30 dB = 0.001:1 [or
(1/1000):1].

Decibels referenced to the carrier (dBc) is a technique for expressing a power
measurement in logarithmic form using the carrier power as a reference. The units are
used to describe how far down signals and noise are relative to a known signal. Typical
use of this term is to describe spurious signals and noise compared to a desired transmit
signal.

dBm is an absolute measurement of power relative to 1 milliwatt. In other words, dBm is
a decibel value referenced to a milliWatt (dBm). This is a technique for expressing a
power measurement in logarithmic form using 1 mW as a reference. dBm is a decibel
ratio (log 10) of Watts (W) to one milliwatt (1mW). dBm, therefore, represents absolute
power. Examples are: 0 dBm = 1.0 milliwatt, 10 dBm = 10 milliwatt, 30 dBm = 1000
milliwatt = 1 watt.

Decibels referenced to one Watt (ABW) is a technique for expressing a power
measurement in logarithmic form using 1 W as a reference. dBW is a decibel ratio (log 10)
of Watts (W) to one Watt. BW therefore represents absolute power.

Direct Current (DC)

Digital Downconverters (DDC)

Direct Digital Synthesis (DDS)

To extract information from a transmitted (modulated) signal.
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Demodulation :

Directional Coupler :

Display Resolution :

EMI :

Ethernet :

Feedback :

FM:

FM Modulation
Index :

FM Threshold :

Frequency :

Gain :

Demodulation is the process of recovering the original modulating signal from a
modulated carrier. The original modulating signal is usually the information being
transmitted, typically voice or data. In other words, demodulation is an operation on a
carrier wave in order to recover the wave with which the carrier was originally
modulated.

A Directional Coupler is a device to split an incident transmission into two separate
paths, and to absorb reflections from the sampled (coupled) line.

The number of distinct pixels in each dimension that can be displayed on a display
device.

ElectroMagnetic Interface (EMI): EMI refers to signals that are generated and radiated
by an electronic device and that cause interference with radio communications, among
other effects. MI is the interference by electromagnetic signals that can cause reduced
data integrity and increased error rates on transmission channels.

A 10-Mbps, coaxial standard for Local Area Networks (LAN) in which all nodes connect to
the cable where they contend for access.

Feedback refers to the specific method that is used in ABR to tell a transmitting end
station to slow down due to congestion in the network.

Frequency Modulation (FM) is a form of angle modulation in which the instantaneous
frequency of a sine-wave carrier is caused to depart from the carrier frequency by an
amount proportional to the instantaneous value of the modulating wave. In FM, signals
of different frequencies represent different data values.

In FM modulated systems, the FM Modulation Index is the ratio of the peak frequency
deviation to the maximum modulating frequency. The higher the index, the greater the
received quality. M Modulation Index = (peak frequency deviation / maximum
modulation frequency)

FM Threshold is the point at which the input signal power is just strong enough to enable
the receiver demodulator circuitry to successfully detect and recover a good quality
television picture from the incoming video carrier.

Frequency is the measurement of the number of times that a repeated event occurs per
unit time. To calculate the frequency of an event, the number of occurrences of the event
within a fixed time interval are counted, and then divided by the length of the time
interval. Frequency is measured in Hertz, altertions or cycles per second.

Gain refers to the ratio of the output amplitude of a signal to the input amplitude of the
signal. This ratio typically is expressed in dB. He higher the gain, the better the antenna
recelves or transmits, but also the more noise it includes.

B-4
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GHz : GigaHertz (GHz) is one billion (1 x 10E9) hertz, which is a measurement of frequency.

GPIB : General Purpose Interface Bus (GPIB): The IEEE 488 General Purpose Interface Bus
(GPIB) is an instrumentation interface for integrating instruments, computers, printers,
plotters, and other measurement devices into systems. Ffective communications between
devices on the GPIB requires three functional elements; a talker, a listener, and a
controller. Ch device on the GPIB is categorized as one of these elements depending on its
current interface function and capabilities.

GPS : The Global Positioning System (GPS) is a space-based global navigation satellite system
(GNSS) that provides reliable location and time information in all weather and at all
times when and where an unobstructed line of sight is available to four or more GPS
satellites. The system is maintained by the United States government and is freely
accessible by anyone with a GPS receiver. The Global Positioning System is making it
possible for people using ground receivers to determine their geographic location within
10 meters to 100 meters. The satellites use simple mathematical calculations to
broadcast information that is translated as longitude, latitude, and altitude by
Earth-based receivers.

Hertz : Hertz (Hz) is the measure of frequency which means units or cycles per second.

Hz : HERTZ (Hz) is a measurement of frequency in cycles per second. One Hertz is one cycle
per second.

Impedance : Impedance is a measure of RF component electrical resistance, measured in ohms. In
most cable and antenna systems, the standard impedance is 50 ohms.

Insertion Loss : Insertion Loss (or Cable Loss) is a measure of the total amount of signal energy absorbed
(lost) by the cable assembly. It is measured in dB. S21 (an S-Parameter) is another name
for this measurement.

Interference : Interference is the effect that occurs when undesired signals inhibit or degrade the
reception of a desired signal.

Ka-Band : Ka-Band refers to the bandwidth of electromagnetic waves between 33 GHz and 36 GHz,
which is primarily used in satellites operating at 30 GHz uplink and 20 GHz downlink for
mobile voice communications.

kHz : KiloHertz - One kHz (KiloHertz) is equal to 1,000 Hertz, which is a measurement of
frequency. The k is always given in lowercase.

kpbs : Kilobits per second (kpbs) is a measurement of data rate, for example, data services for
2G operate at a maximum speed of 9.6kbps.
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Ku-Band :

Linearity :

MHz :

NF :

NIST :

Noise :

Noise figure :

PAPR :

PowerXpert :

RF :

Ku-Band refers to the bandwidth of electromagnetic wave between 12 GHz and 14 GHz,
which is primarily used in satellites operating at 14 GHz uplink and 11 GHz downlink in
supporting braodband TV and Direct Broadcast Satellite (DBS) system (DSS).

Something may be described as linear if the characteristic is approximately but not
exactly a straight line; and linearity may be valid only within a certain operating region.

Megahertz (MHz) - One MHz is equal to onefmillionfHertz, and is a measurement of
frequency.

Noise Figure (NF) is a measure of degradation of the signal-to-noise ratio (SNR) that is
caused by components in a radio frequency (RF) device. The noise factor (F) of a system is
defined as the signal-to-noise ratio of the input power of the system divided by the
signal-to-noise ratio of the output power of that system. F (the noise figure) is defined as
the decibel value of the noise factor. NF = 10log (F) where log uses the base 10, or
common log. This formula is valid only then the input termination is at standard noise
temperature.

National Institute of Standards and Technology (NIST) is a measurement standards
laboratory. It is a non-regulatory agency of the United States Department of Commerce.
He official mission of NIST is to promote U.S. innovation and industrial competitiveness
by advancing measurement science, standards, and technology in ways that enhance
economic security and that improve quality of life. Tween 1901 and 1988, the NIST was
known as the National Bureau of Standards (NBS).

Noise refers to any undesirable communication channel signals.

Noise figure is a figure of merit for receivers and preamplifiers representing the amount
of excess noise added to the signal by the amplifier or receiving system itself. The lower
the noise figure, the less excess noise is added to the signal.

Peak to Average Power Ratio, the peak divided by the root Means Square (RMS) of the
waveform. It is the square of the Crest Factor.

PowerXpert6 application, a data analysis and control software for use with Anritsuis
USB power sensors.

Radio Frequency (RF) is the frequency of radio sine waves. RF generally refers to
wireless communications within a frequency range of 3 kHz to 300 GHz. Formally,
according to the Article 2 of the Radio Law, radio frequency is below 3,000 GHz. Radio
frequencies can be used for communications between a mobile telephone and an antenna
mast.
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RMS :

Sampling :

Sensor Resolution :

Spectrum Analyzer :

True RMS :

V-Band :

VSWR :

Watt :

WCDMA :

X-Band :

Is the square root of the arithmetic mean of the squares of the values, or the square of the
function that defines the continuous waveform. Waveforms made by summing known
simple waveforms have an RMS that is the root of the sum of squares of the component
RMS values. Because of their usefulness in carrying out power calculations, listed
voltages for power outlets (e.g., 120 V in the USA, or 230 V in Europe) are almost always
quoted in RMS values, and not peak values.

Sampling is the process performed in the conversion of analog waveforms to a digital
format. It converts a continuous time signal into a discrete time signal or sequence of
numbers.

The smallest change a sensor can detect in the quantity that it is measuring

A spectrum analyzer measures the magnitude of an input signal versus frequency within
the full frequency range of the instrument. The primary use is to measure the power of
the spectrum of known and unknown signals.

The true RMS voltage is measured using the following method: P(avg) is the average
power dissipated in a resistor R when a RMS voltage V(rms) is applied. The power is
measured by a thermistor and the scale of the meter is calibrated as a ratio of
temperature to resistance. This is true for any waveform and frequencies. Note that most
meters you use are not true RMS meters. They measure only an average or a DC
equivalent of a 60Hz pure sine wave.

V-Band, also known as Q-Band, is a radio bandwidth range between 40 GHz t0 50 GHz.

Voltage Standing Wave Ratio (VSWR). VSWR is another method to measure reflected
energy caused by impedance mismatch. It is expressed as a ratio of X:1. VSWR measures
the voltage peaks and valleys. A ratio of 1:1 would be a perfect match. A typical cable and
antenna system would be around 1.43:1 (VSWR) or 15 dB Return Loss.

Watt (W) i1s a unit of measure for power.

Wideband Code Division Multiple Access (WCDMA)

X-band is the bandwith between 7 GHz to 8 GHz, which usually is used by military
satellites.
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AB O R . . oo e 7-9
CALCulate:CWMax:COUNt <integer>

CALCulate:CWMax:COUN . . ..ot e e e e e e e e e e e e 7-9
CALCulate:CWMax:THReshold <numeric_value>{DBM}

:CALCulate:CWMax:THReshold?. . .. ... . e e e e e e e e 7-9
:CALCulate:CWMax:THReshold:STATe <0|1|ON | OFF>

:CALCulate:CWMax:THReshold:STATE? . .. ... e e e e e e 7-10
FE T OO W M ax? . . . e e 7-10
FE T O PO W T . . e e 7-10
:INITiate:CONTinuous <0|1|ON|OFF>

INITiate:CONTINUOUS? . . oottt e e e e et ettt e e e et e e e e e 7-11
INITiate[[IMMediate]. . . . ..ot e e 7-11
STATus:OPERation:EVEN 2. . . e 7-12
SYSTem:ERRorINE X T . o o e 7-8
Y ST em: P RE St . . .. e e e 7-8
[:SENSe]:AVERage:COUNt <numeric_value>

SENSel:AVERaAge:COUN . . .. e e e e e e e 7-13
[:SENSe]:AVERage:STATe <0|1|ON | OFF>

SENSel:AVERage: ST AT ? . . e e e e 7-13
[:SENSe]:CHPower:STATe <0| 1| ON | OFF>

SENSe:CHPoOWer: ST AT E? . . .t e e e e e 7-13
[:SENSe]:FREQuency:CENTer <numeric_value>{HZ | KHZ | MHZ | GHZ}

[SENSe:FREQuency:CENTEr? . . . ... e e e e e e e 7-13
[:SENSe]:FREQuency:CHWidth <numeric_value>{HZ | KHZ | MHZ | GHZ}

[SENSe]:FREQuency:CHWIdth? . . ... ... . e e e 7-14
[:SENSe]:POWer:RELative <0 |1|ON | OFF>

SENSe:POWer:RELaAtive? . . ... e e e e e e e e 7-14
[:SENSe]:POWer:RF.:GAIN:STATe <0| 1| ON | OFF>

SENSe:POWer: RE:GAIN: ST AT . . . oo e e e e e e 7-14
[:SENSe]:RESolution HIGH | MEDium | LOW

ESENSe RESOIULION? . . . ot e e e e e e e 7-15
S . ot i e 7-6
*ESE <NR1>

Bl D 7-6
S R L 7-6
DN L e 7-6
*OPC <NR1>

O P C . e 7-6
B 2 7-7
*SRE <NR1>

B R L o 7-7
S T B o o 7-7
B AL L 7-7
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