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Chapter 1 — General Information

1-1 Introduction

The purpose of this User Guide is to provide installation, operation, use of instruments, and programming
information using the Anritsu USB Power Sensors and Power Master power analyzers with the Anritsu
PowerXpert application.

This chapter contains general information about the Anritsu USB power sensors and Power Master power
analyzers. Within the context of this User Guide, USB power sensors may also be referred to as power sensors
and Power Master power analyzers may also be referred to as Power Master.

Contacting Anritsu for Sales and Service

To contact Anritsu, visit the following URL and select the services in your region.
http://www.anritsu.com/contact-us

Product Information, Compliance, and Safety

The Product Information, Compliance, and Safety manual provides important notices, warranty, safety, and
regulatory compliance information for the Anritsu Power Meters, Power Masters, USB Power Sensors,
Thermal Sensors, and Diode Sensors. Before operation, be sure to read these important notices located at the
Anritsu product page Library tab of your instrument. Additional product information is located at the
Anritsu Power Meters and Sensors product page. Visit the product page of your instrument listed below and
select the Library tab.

https://www.anritsu.com/en-US/test-measurement/RF-Microwave/Power-Meters-and-Sensors

Additional Documentation

Visit the Anritsu website for additional product information: https:/www.anritsu.com

1-2  Instrument Description

The Anritsu USB power sensors and the Power Master are highly accurate, standalone devices that interface
with the PowerXpert application installed on a PC through a USB cable connection. The power sensors and
Power Master can be used with many Anritsu handheld instruments, such as Spectrum Master, BTS Master,
VNA Master, Cell Master, and Site Master. The power sensors and Power Masters are ideal for measuring the
average power of CW or modulated RF waveforms such as 3G, 4G, OFDM, and multitone signals. They
measure true-RMS power regardless of the type of input signal.

The Anritsu Power Sensors and Power Masters covered in this User Guide are listed in Table 1-1.

Table 1-1. USB Power Sensors and Power Master Power Analyzers

Model
Nu(r)::er Type Frequency Range Test Port Connectors
MA24103A Inline Peak Power Sensor 25 MHz to 1 GHz N(m) Connector
MA24105A Inline Peak Power Sensor 350 MHz to 4 GHz | N(m) Connector
MA24106A True—RMS USB Power Sensors 10 MHz to 6 GHz N(m) Connector
MA24108A True—RMS USB Power Sensors 10 MHz to 8 GHz N(m) Connector
MA24118A True—RMS USB Power Sensors 10 MHz to 18 GHz | N(m) Connector
MA24126A True—RMS USB Power Sensors 10 MHz to 26 GHz | K(m) Connector
MA24208A True-RMS USB Power Sensors 10 MHz to 8 GHz K(m) Connector
PowerXpert UG PN: 10585-00020 Rev. V 1-1
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1-3 Initial Inspection General Information

Table 1-1. USB Power Sensors and Power Master Power Analyzers

Model
Number Type Frequency Range Test Port Connectors
MA24218A True—RMS USB Power Sensors 10 MHz to 26 GHz | K(m) Connector

MA24330A Microwave CW USB Power Sensors 10 MHz to 33 GHz | K(m) Connector

MA24340A Microwave CW USB Power Sensors 10 MHz to 40 GHz | K(m) Connector

MA24350A Microwave CW USB Power Sensors 10 MHz to 50 GHz | V(m) Connector
(m)

MA24507A mmWave Power Master Power 9 kHz to 70 GHz V(m) Connector
Analyzer

MA24510A mmWave Power Master Power 9 kHz to 110 GHz W1(m) Connector
Analyzer

Sensor Identification

All Anritsu power sensors and Power Masters are assigned a unique seven digit serial number, such as
“1901012”. 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 (for example, model MA24126A power sensor, serial number: 0701012).

Interface Type
The power sensors and Power Masters interface types are listed below:

e The MA24106A has a USB Type Mini-B port interface.

e The MA24103A, MA24105A, MA24106A, MA24108A, MA24118A, and MA24126A have a USB Type
Micro-B port interface. These power sensor models utilize serial over USB communication for remote
programming.

e The MA24208A and MA24218A have a USB Type Micro-B port interface. These power sensor models
utilize USB 2.0 technology for remote programming.

e The MA24330A, MA24340A, and MA24350A have a USB Type Micro-B port interface. These
power sensor models utilize USB 2.0 technology for remote programming.

e The MA245xxA Power Masters have a USB Type C Port interface with a PC or Anritsu handheld
instrument. The Power Master utilizes a super speed USB 3.0 technology for remote programming.

1-3 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 checked for mechanical and electrical operation. If the
contents should need to be returned, see “Instrument Care and Preventive Maintenance” on page 1-3.
Calibration and Verification

The power sensors and Power Masters comes fully calibrated from the factory and there are user-serviceable
parts inside. Anritsu recommends annual calibration and performance verification by local Anritsu service
centers. Accredited calibration to ISO17025 and ANSI/NCSL Z540-1 are available and can include a
calibration certificate, test report, and uncertainty data.

Contact your local Anritsu Service Center and return defective sensors with a detailed description of

Note the observed problem.

1-2 PN: 10585-00020 Rev. V PowerXpert UG
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14 Instrument Care and Preventive Maintenance

Instrument care and preventive maintenance consist occasional cleaning of the instrument, inspecting and
cleaning the RF connectors and all accessories before use.

Do not operate or store the power measurement equipment in extreme environments. Refer to the

Caution instrument Technical Data Sheet for the specified operating and storage conditions,

Connector Care

Clean the instrument with a soft, lint-free cloth dampened with water or water with a mild cleaning solution.
Clean the RF connectors and center pins with a cotton swab dampened with denatured alcohol. Visually
inspect the connectors. The fingers of the female connectors and the pins of the male connectors should be
unbroken and uniform in appearance. If you are unsure whether the connectors are undamaged, gauge the
connectors to confirm that the dimensions are correct.

Visually inspect the test port cables. The test port cable should be uniform in appearance and not stretched,
kinked, dented, or broken.

Visually inspect connectors for general wear, cleanliness, and for damage such as bent pins or connector rings.
Repair or replace damaged connectors immediately. Dirty connectors can limit the accuracy of your
measurements. Damaged connectors can harm the instrument. Connection of cables carrying an electrostatic
potential, excess power, or excess voltage can damage the connector, the instrument, or both.

To prevent damage to your instrument, do not use pliers or wrenches to tighten connectors. Inadequate torque
settings can affect measurement accuracy. Over-tightening connectors can cause damage to the connector or
instrument, Refer to the connector type torque settings listed in Table 1-2 on page 1-4.

Connecting
Connect RF connectors as follows:

1. Carefully align the connectors. The male connector center pin must slip concentrically into the contact
fingers of the female connector.

2. Align and push connectors straight together. Do not twist or screw them together. A slight resistance can
usually be felt as the center conductors mate.

3. To tighten, turn the connector nut, not the connector body. Damage can occur to the center conductor
and to the outer conductor if the connector body is twisted.

4. If you use a torque wrench, initially tighten by hand so that approximately 1/8 turn or 45 degrees of
rotation remains for the final tightening with the torque wrench.

5. Relieve any side pressure on the connection (such as from long or heavy cables) in order to assure
consistent torque.

6. Use an open-end wrench to keep the connector body from turning while tightening with the torque
wrench.

Disconnecting
Disconnect RF connectors as follows:

1. If a wrench is needed, use an open-end wrench to keep the connector body from turning while loosening
with a second wrench.

2. Complete the disconnection by hand, turning only the connector nut.

3. Pull the connectors straight apart without twisting or bending.
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1-4 Instrument Care and Preventive Maintenance

General Information

Torque Settings

The recommended torque settings for the USB power sensor and Power Master is listed in Table 1-2.

Table 1-2. Connector Wrench Requirements — Torque Wrenches and Settings — Open End Wrenches

Connector Type

Torque Wrench Size

Torque
Specification

Open End Wrench

N 19 mm (3/4 in) 12 Ibf-in (1.35 N'm) Twist-on connector
version, therefore no
torque setting. Align
connectors, thread, and
then twist on until finger
tight. Do not use a wrench
or pliers to tighten.

K (2.92 mm) 8 mm (5/16 in) 8 Ibf-in (0.90 N-m) 5/16 in. or 8 mm

V (1.85 mm) 8 mm (5/16 in) 8 Ibf-in (0.90 N-m) 5/16 in. or 8 mm

WI (1 mm) 6 mm 0.45 N-m (4 Ibf-in) 6 mm x 7 mm

0.8 (0.8 mm) 6 mm 0.45 N-m (4 Ibf-in) 6 mm x 7 mm
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Mechanical Shock

Handle power measurement devices with care. Avoid dropping, tossing, or allowing any form of mechanical
shock that will compromise the power measurement accuracy.

ESD Caution

The power sensors and Power Master, like other high performance instruments, are susceptible to electrostatic
discharge (ESD) damage. Coaxial cables and antennas often build up a static charge, which (if allowed to
discharge by connecting directly to the instrument without discharging the static charge) may damage the
PowerXpert input circuitry. Instrument operators must be aware of the potential for ESD damage and take all
necessary precautions.

Operators should exercise practices outlined within industry standards such as JEDEC-625 (EIA-625),
MIL-HDBK-263, and MIL-STD-1686, which pertain to ESD and ESDS devices, equipment, and practices.
Because these apply to the PowerXpert, it is recommended that any static charges that may be present be
dissipated before connecting coaxial cables or antennas to the instrument. This may be as simple as
temporarily attaching a short or load device to the cable or antenna prior to attaching to the PowerXpert. It is
important to remember that the operator may also carry a static charge that can cause damage. Following the
practices outlined in the above standards will ensure a safe environment for both personnel and equipment.

1-5 Preparation for Storage/Shipment

Preparing the power sensor and Power Master 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 sensor 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; they will send a new shipping container free of charge. In the
event neither of these two options is possible, instructions for packaging and shipment are given below:

Note Disconnect any USB sensor cables before packaging the power sensor.

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.

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

e 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.
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Chapter 2 — Installing PowerXpert

2-1 Introduction

This chapter provides information on installing the Anritsu PowerXpert application for the USB power sensors
and Power Masters. To use the power sensors and Power Master, both the PowerXpert application and their
drivers must be installed. Follow the steps below as a guide for proper installation.

e “PC Requirements”
e “Installing PowerXpert”

¢ “Installing Power Sensor Drivers”

2-2 PC Requirements

Please make sure that the following minimum requirements are met for installing and using the software:

o Intel® Pentium® IIT with 1 GB RAM or Intel® Pentium® IV with 512 MB RAM, or equivalent
(Intel® Pentium® IV with 1 GB RAM recommended; a dual core processor with 2 GB RAM is
recommended for use with the multisensor feature.)

« All versions of Microsoft® Windows 10, Windows 8, Windows 8.1, Windows 7 and Windows Vista®,
Windows XP. Check the TDS of your power sensor to confirm the compatibility of your operating system.

e 100 MB hard-disk free space

* Display resolution 1024 x 768

e High speed USB 2.0 for MA242x8A and MA243x0A sensors

e Super speed USB 3.0 for MA245xxA Power Master power analyzers
e Microsoft® NET Framework Version 4.0 or higher

PowerXpert needs .Net Framework 4.0. The PowerXpert installation will detect whether or not this is
Note already on your PC and will provide a message if it is not installed. This framework version is
included in both Minimal & Full version of installers.

Earlier versions of PowerXpert and the ATMEL SAM-BA software must first be uninstalled from the
PC before installing PowerXpert.

Note Earlier versions of the MA24108A, MA24118A, or MA24126A power sensors must be upgraded with
firmware version 2.0 or later to use all of the features of PowerXpert (firmware must be upgraded
using PowerXpert). Refer to Appendix B, “Upgrading Power Sensor Firmware — MA241xxA Series”
for information about upgrading the power sensor firmware.
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Installing PowerXpert

Installing PowerXpert

2-3

Installing PowerXpert

Both PowerXpert and the USB power sensor/analyzer drivers must be installed before using these devices.
Follow the steps below as a guide for proper installation.

1. Download the latest PowerXpert Analysis and Control Software from the Anritsu Website:
https://www.anritsu.com/en-us/test-measurement/support/downloads/software/dwl19095

2. Click Install Anritsu PowerXpert.
3. Select Run to start the installation.

4. Click through the installation screens.

5. When the installation is complete, PowerXpert becomes a User Interface for making Power

Measurements..

Powerkpert V3.46 Setup

Welcome to the PowerXpert setup
wizard.

PowerXpert V3.46 Setup

License Agreement
Please review the license terms before installing PowerXpert
V3.46.

/nritsu

envision:ensure

Press Page

PowerXpert V3.46 Setup

Select shortcut options

/nritsu

envision :ensure

/nritsu

envision:ensure

EBrowse and s

Choose the fol

MPORTZ  Select the shortcut options you want to creste.

INSTALLI

TERMS O

YOURSEL Check the b PowerXpert V3.46 Setup

COMPAD )

SOFTWAR Choose Install Location

[Desktop Choose the folder in which to install PowerXpert v3.46.

1 GRANT|
1f you accey ermanfy
agreement Setup wil inst] PowerXpert V3.46 Setup

Choose Install Location

Anritsu

envision:ensure

Ider in which to install PowerXpert V3.46.

Setup wil inst

Destination Browse and s

[oocd

Space require|
Space availab)

Destination

oo

Space requirg
Space availabj

Powerkpert V3.46 Setup

Choose Install Location
Choose the folder in which to install PowerXpert V3.46.

/nritsu

envision : ensure

Setup will instz
Browse and s

PowerXpert V3.46 Setup

Choose Install Location
Choose the folder in which to install PowerXpert ¥3.46.

- Browse and select another folder. Click Install to start the installation.
Destination

Ero

Space requires

Space availabl Destination Folder

Space required: 186.9MB
Space available: 199.6GE

« Back

Anritsu

Setup wil install PowerXpert V3,46 in the following folder. To install in a different folder, dick

envision:ensure

Browse...

Cancel

Figure 2-1.

PowerXpert Installation Screens
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2-4 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:
ot Tackbar [Windows XP (Service Pack 3) -
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 2-2. 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.

i

If you are installing a new power sensor driver, continue to the next section, “Installing Power Sensor Drivers”.

Installing Power Sensor Drivers
1. Connect the power sensor to the USB port of the PC with the supplied USB cable.

2. When the Found New Hardware Wizard installation screen appears, select No, not this time to search for
software, and then click Next.

Found New Hardware Wizard

Welcome to the Found New

Hardware Wizard

Windows will search for curent and updated software by
looking on pour computer, on the hardware installation CD. or on
the Windows Update \Web site [with pour permissian)

Flead our privacy Rulics

Can Windows connect to Windows Update to search for
software?

(O ¥es, this time only
(s, now and every tims | connect a device
(O Mo, nat this time

Click Next o continue.

Cancel

Figure 2-3. Found New Hardware Wizard
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3. Select Install the software automatically (Recommended), and then click Next.

Found New Hardware Wizard

This wizard helps pou install softwars for:

Arriteu MAZA1184

() 1If your hardware came with an installation CD
2 or floppy disk, insert it now.

‘wihat do you want the wizard to do?

(@ iinetall the software lly [Aecommended]
() Install from a list o specific location [Advanced)

Click Next to continue.

< Back ” Hest > I[ Cancel

Figure 2-4. Found New Hardware Wizard

4. Select the sensor being installed from the list, then click Next as shown below.

Found New Hardware Wizard

Select the device driver you want to install for this hardware. .

Select the manufacturer and model of your hardware device and then click Next. If you
have a disk that cantairs the driver pou want ta install, elick Hawe Disk.

Show compatible hardware
Model
Anntsu MAZ41 184

& This driver is not digitally signed!

Tell me why driver signing is important

[ <Back ][ Hea> ] [ Cancel |

Figure 2-5. Found New Hardware Wizard

5. The Hardware Installation warning dialog appears as shown below. Click Continue Anyway.

Hardware Installation

[} The software you are installing for this hardware:
e
Anritsu MAZAT784

has nat paszed Windows Lago testing to werify its compatibility
with Windows <P, [Tell me why this testing is important.]

q your i ion of this sofi may impair
or destabilize the conect operation of your system
either immediately or in the future. Microsoft strongly
recommends that you stop this installation now and
contact the hardware vendor for software that has
passed Windows Logo tesling.

LContinue Anpray ] |_STOP Inslallation |

Figure 2-6. Hardware Installation Warning
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The hardware driver installs.

Found New Hardware Wizard
Please wait while the wizard installs the software. _ .

(g Anritsu MA241184

= =
usbser.sys

To CAWINDOWShsystem32\DRIVERS
( )

Figure 2-7. Found New Hardware Wizard

6. When the installation is complete, click Finish to close the wizard.

For the MA241xxA series, the status LED should illuminate green indicating that the sensor is ready to
use.

If the status LED illuminates amber color, refer to the “Error States” section in the “Using the
MAZ241xxA” chapter for your sensor.

For the MA242x8A, MA243x0A and MA245xxA series, the status LED should be solid green indicating
that the sensor is ready to use.

If the status LED blinks green, refer to the “Error States” section in the “Using the MA242x8A” chapter
for your sensor.

Found New Hardware Wizard

Completing the Found New
Hardware Wizard

The wizard has finished installing the softwars for:

(y Anritsu MAZ41184

Click Finish to clase the wizard

Finsh |

Figure 2-8. Found New Hardware Wizard

7. The power sensor is now ready for use. Launch the Anritsu PowerXpert application from the new desktop
icon or from the Start | Programs | Anritsu menu. Refer to Chapter 3, “Using USB Power Sensors with
PowerXpert” for information about using the Anritsu PowerXpert application.
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Chapter 3 — Using USB Power Sensors with
PowerXpert

31 Introduction

This chapter provides information on using the Anritsu PowerXpert application, a data analysis, and control
software for use with Anritsu’s USB power sensors. If using a Power Master (MA243x0A), see
Chapter 12, “Using Power Master with PowerXpert”.

PowerXpert provides a graphical user interface (GUI), making the PC appear like a traditional power meter
that facilitates average power, time slot, and scope-like measurements. PowerXpert is operational with up to
eight power sensors. Depending on which power sensors are connected to the PC, the PowerXpert application
operates in four distinct modes as follows:

¢ “Continuous Mode” available with all power sensors

e “Time Slot Mode” available with the MA24x08A, MA24x18A, and MA24126A only

¢ “Scope Mode” available with the MA24x08A, MA24x18A, MA24126A and MA243x0A only
* “List Mode” available with the MA24208A, MA24218A and MA243x0A only

When operating the MA245xxA Power Master, the MA241xxx Series, MA242xxx, and MA243xxx
Note USB power sensors can be connected to make separate power measurements simultaneously in
Continuous mode. For details, see “Show Multiple Sensor Display” on page 3-32.

For information about using your power sensor, refer to one of the following chapters for your power sensor:
¢ Chapter 4, “Using the MA24103A/MA24105A”
¢ Chapter 6, “Using the MA24106A”
e Chapter 8, “Using the MA24x08A, MA24x18A, and MA24126A”
e Chapter 10, “Using the MA243x0A”

The power sensors are also compatible with most Anritsu RF and microwave handheld analyzers. The power
sensor easily connects to these instruments via a USB A to Mini-/Micro-B cable, turning them into a virtual
power meter. Please refer to instrument-specific user guides for operation of the sensors.

3-2 Connect USB Power Sensor

Connect the USB connector side of the Power Sensor to the PC with a USB cable. PowerXpert detects and
displays the sensor model number and serial number in PowerXpert as described in The power sensor
measurement and status window displays the information shown in Figure 3-3 on page 3-6. This may take a
few seconds for the connection to be detected and displayed. PowerXpert always starts up in the default state of
the connected sensor. Upon disconnection, PowerXpert resets and after reconnection, restarts in the default
state.
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Using USB Power Sensors with PowerXpert

3-3

PowerXpert Settings with USB Power Sensors

Some features and settings offered by PowerXpert are only available with select power sensor models as
displayed in Table 3-1.

Table 3-1. PowerXpert Sensor Compatibility Table (1 of 2)
USB Power Sensors

PowerXpert Features with USB Power g u<a 2:, g % g % g
Sensors ‘o— 2 ‘o— 8 - \‘! é g
S 3/ /313833
< < < < < < < <
= = = = = = = =
Duty Cycle X X - X X X X X
Relative Mode X X X X X X X X
Units X X X X X X X X
Aperture time - - X X X X X X
Forward Power X X X X X X X X
Reverse Power X X - - - - - -
Peak Power X X - - - - - -
Center Freq and Span - - - - - - - -
Continuous Resolution - - - - - - - -
Mode Crest Factor X X - - - - - -
CCDF X X - - - - - -
Peak Envelope Power X X - - - - - -
Burst Average X X - - - - - -
Reflection Coeff X X - - - - - -
Return-loss X X - - - - - -
VSWR X X - - - - - -
Video BW X X - - - - - -
Measurement Hold - - X X X X X X
Number of slots - - - X X X X -
Time Slot Slot width - - - X X X X -
Mode Start exclusion - - - X X X X -
End exclusion - - - X X X X -
Capture time - - - X X X X X
Data points - - - X X X X X
Scope Gate start - - - X X X X X
Mode Gate end - - - X X X X X
Fence start - - - X X X X X
Fence end - - - X X X X X
. List file - - - - - - X X
List Mode Output file - - - - - - X X
Zero sensor X X X X X X X X
Frequency X X X X X X X X
Auto average - - - X X X X X
Auto avgsrc - - - X X X X X

General .
Settings Averaging method - - - X X X X X
Averages X X X X X X X X
Offset X X X X X X X X
Step Detect - - - - - - X X
Range X X X X X X X X
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Using USB Power Sensors with PowerXpert

3-3 PowerXpert Settings with USB Power Sensors

Table 3-1. PowerXpert Sensor Compatibility Table (2 of 2)

USB Power Sensors

PowerXpert Features with USB Power g ftri § g g % g g
Sensors 2 S = 2 = S & &
S N S N S N S N
< < < < < < < <
= = = = = = = =
Source - - - X X X X X
Arm Type - - - X X X X X
Level - - - X X X X X
. Edge - - - X X X X X
Trigger Delay - - - X X X X X
Noise Immunity - - - - X X - -
Hold Off - - - - - - X X
Hysteresis - - - - - - X X
More Settings Modulation Type X - - - -
Advanced Features - - - - - - X X
Zero All Sensors X X X X X X X X
Capture Screen X X X X X X X X
Log data X X X X X X X X
Single Sensor Display X - - - - - - -
Tools Show Multiple Sensor
Display X X X X X X X X
Offset Table - - X - - - - -
Update Firmware - - X - - - X X
View Summary X X - - - - - -
Save/Recall setup - - - X X X X X
Reset to factory i ) i X « x « ”
Settings settings
Set sensor timeout - - - X X X X X
Secure Mode - - - X X X X X
PowerXpert UG PN: 10585-00020 Rev. V 3-3
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3-4 PowerXpert Graphic User Interface

Using the USB Power sensors with PowerXpert provides a user interface as shown in Figure 3-1.

E —
Range Auto ~

Anritsu PowerXpert

W=

Continuous  Tim=Slot  Scope List

- ) X
@ % 2
Help Settings Tools

USE | MA24350A | PiotD3 fge Power 1Avgs 2GHz 0.00d8

-68.14 dBm

Log Data: OFF Step Det: ON

Continuous Mode

Py

Relative Off

Units. dBm
. (ms:@

Measurement thold | Off

Power vs Time

Autoavgsrc

Averaging method  Moving v

i
HI\M

Apply above settings

Edge

Trigger
Source

Am type

Level {dBm)

Delay(ms)

Noise immuri ity (1

Arm Trigger Arm Trigger

i \‘m f‘w'l‘] "an "m\ M‘
: w i )

I \
i Ty

le Mode Auto

\ i

e | EnEn:

Hysteresis (d8) o

Description

Toolbar - See “Toolbar” on page 3-5.

Sensor Information Area displays sensor model and serial number, communications port, and
firmware version.

The measurement status window is described in Section “Measurement and Status Window”
on page 3-6 (MA24103A and MA24105A display forward and reverse).

Graphical Display for each mode:

See “Continuous Mode” on page 3-7.
See “Time Slot Mode” on page 3-11.

See “Scope Mode” on page 3-13.

Graphical Settings for each mode:
See “Continuous Mode” on page 3-7.
See “Time Slot Mode” on page 3-11.
See “Scope Mode” on page 3-13.

Trigger Settings is available with the MA24x08A, MA24x18A, MA24126A and MA243x0A only. See
“Trigger Settings” on page 3-23.

The Arm Trigger button must be clicked to apply any setting changes.

6a — MA241xxA models only—Trigger setting includes “Noise Immunity”.

6b — MA242x8A and MA243x0A models only—Trigger setting includes “Hysteresis” around the trigger
level and “Hold-off”.

7

The Apply above settings button must be clicked to apply any setting changes. See “General
Settings” on page 3-20.

8

The settings for the selected mode type (Continuous, Time Slot, Scope, or List mode) is displayed.
The Apply above settings button must be clicked to apply any setting changes.

Figure 3-1.

Anritsu PowerXpert Application GUI Overview
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Using USB Power Sensors with PowerXpert

Toolbar

3-5 Toolbar

The PowerXpert power sensor Tool Bar provides the following modes:

e “Continuous Mode” is available with all power sensors.

e “Time Slot Mode” is available with the MA24x08A, MA24x18A, and MA24126A only.
e “Scope Mode” is available with the MA24x08A, MA24x18A, MA24126A and MA243x0A only.

» “List Mode” is available with MA242x8A and MA243x0A only.

The Tool Bar consists of the following menus.

Tools: The“Tools Menu” on page 3-27 consists of the following commands listed below:

e “Zero All Sensors” on page 3-27

e “Capture Screen” on page 3-28

* “Log Data” on page 3-29

e “Show Multiple Sensor Display” on page 3-32
* “Offset Table” on page 3-33

e “Advanced Features” on page 3-35(available in MS242x8A series only)
¢ “Update Firmware” on page 3-34

Settings: The“Settings Menu” on page 3-35 consists of the following commands:

¢ “Saving and Recalling Settings” on page 3-35

¢ “Resetting to Factory Settings” on page 3-36

¢ “Sensor TimeOut Setting” on page 3-36

e “Secure Mode” on page 3-37

Sensor Information

The Sensor Information window shows the model, serial number, connection port type, Firmware installed,
and FPGA information as shown in Figure 3-2. When multiple sensor’s are connected, the serial numbers

display in the same Sensor Information window. Click a serial number to view the associated sensor

parameters.

Anritsu PowerXpert =B %
=2 " (
& 2 @
Continuous| Time Siot  Scops Lt Tools Settings Help
Continuous Mede Sensor Infomnation USE | MADZ218A | DOOT00 Average Fower Thvgs | 001GHz | 00008
Diyoyce (3 150 - MAZ4218A, 0000100
S/N: 0000100
Units FW: R12.4.201
Aperture time (ms) 20 ERGAAIELI -_—
n I I I
Measurement hold
General Settings 4 v |[Cog Data: OFF [Enh Mod: OFF [Step Det: OFF ot Zerced

Figure 3-2. View Sensor Parameters
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3-5 Toolbar Using USB Power Sensors with PowerXpert

Measurement and Status Window

The power sensor measurement and status window displays the information shown in Figure 3-3.

A A

MAZ4350A Proto03 Average Power 1 Avgs 2GHz 0.00dB
Log Data: OFF |Enh Mod: OFF | Step Det: ON CW Only Mot Zeroed
UsSB Maz41158 0000100 1 &wgs 0.01 GHz 0.00 dg

Range 1 zeraing error
Range 2 zeraing error

-16.76 dBm
Boulbiaa36EH [EhIMGI0H Zero failed! Nt Zeroed
Index |Description
1 Communications port type used to connect the sensor
2 Model number of the connected power sensor
3 Serial number of the connected power sensor
4 Averaging count
5 Measurement frequency (Cal Factor)
6 Fixed offset value
7 Numerical reading with units of measure or task message displayed
8 Sensor Zero status
9 Sensor status messages (displayed temporarily)
10 Sensor error messages indicator. Error messages displayed will vary depending on the sensor used
11 Data Logging status
12 Enhanced Modulation status (feature available with MA242x8A sensors only)
13 Step Detect status
14 CW Status (feature available with MA243x0A sensors only)

Figure 3-3. PowerXpert Measurement and Status Window
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3-6 Continuous Mode

Continuous mode is available with all power sensors. This mode is user selectable from the toolbar and is the
default mode of operation at startup. In this mode, the sensor is “continuously triggered”, continuously collects
data. and displays average power of the input signal.

Graphical Display Area

The following Power versus Time graph used in Continuous mode is shown in Figure 3-4.

Power versus Time

%N

'-\,Iu\"‘u"“-‘f"'"

Time span (min) Power Max (dBm) Power Min (dBm Scale Mode Auto ~ | Center marker Save Grap

Index Description

1 The vertical scale displays the power level in dBm, regardless of the Units settings of dBm, uwW, mWw,
or W from the Continuous settings area.

2 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

3 (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.

4 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.
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 upper power level for the vertical scale. Not available when set to Automatic.

5 Power Min (dBm): Sets lower power level for the vertical scale. Not available when set to Automatic
Scale Mode: Sets the vertical scaling to Automatic or Manual.
Center marker: Set the cursor to the center of the graticule and displays the center (x, y) parameters.
Save Graph: Opens the save dialog. Saves the currently shown graph data into a .csv file.
Settings are applied by pressing the Enter key.

Figure 3-4. Continuous Mode Graphical Display Area
PowerXpert UG PN: 10585-00020 Rev. V 3-7
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3-6 Continuous Mode Using USB Power Sensors with PowerXpert

Settings

The description of the Continuous mode settings are shown in Figure 3-5.

Anritsu PowerXpert

@ MW E ‘ ég 2 [@

/Cort’l’uous Time Slot  Scope List Tools Settings Help
MA24103A,
@ All Other Models ® MA24105A
Continuous Mode [ Continuous Mode
Duty cycle (%) 100 Forward measurement | Average w
Relative Reverse measurement | Average L
Unks Uinks v
Aperture time {ms) 20 videa EWY Full w
Measurement hold Duty Cycle 100,00
Relative Mode Relative OFf | w
1
' 1
1 1
* 1
Must be clicked to v

— e Apply above settings ... feplysbovessttings

Index |Description

1 Continuous mode location on Task Bar

2 All Models except MA24103A and MA24105A

3 Model MA24103A and MA24105A. For MA24103A, see “Single Sensor Display” on page 3-31
4 Apply above settings

Figure 3-5. Continuous Mode Settings

Duty Cycle

Duty cycle is available only with the MA24x08A, MA24x18A, MA24126A, and MA243x0A power sensors. Duty
cycle correction is applied (as a percentage) to the measured average power of a pulse modulated signal to
obtain the pulse power. The duty cycle correction is used to find the power during the pulse, given a
measurement of the average power of a pulse modulated signal for which the duty cycle is known, and is
calculated as follows:

Linear units: Pulse power = Average power / (duty cycle % / 100)
dBm: Pulse power = Average power — 10 x Log (duty cycle % / 100)

On the MA24103A and MA24105A power sensors, Duty Cycle is only used for dedicated burst

Note
average measurement.

3-8 PN: 10585-00020 Rev. V PowerXpert UG

www.tehencom.com



Using USB Power Sensors with PowerXpert 3-6 Continuous Mode

Relative

When relative mode is turned on, relative measurement displays power changes with respect to the displayed
power. 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, uW, mW, or W).

Forward Measurement

Forward measurements listed below are available with the MA24103A and MA24105A. Selectable forward
measurement settings include:

* Average Power

e Crest Factor

¢ Burst Average User
e Peak Power

e Burst Average Auto
« CCDF

Reverse Measurement

Reverse measurements are available only with the MA24103A and MA24105A. Selectable reverse
measurement settings include:

* Average Power

» Reflection Coefficient
¢ Return Loss

« VSWR

Video Bandwidth

Video Bandwidth settings is available with the MA24103A and MA24105A. Selectable peak measurement
video bandwidths include:

e Full
e 200 kHz
e 4kHz

PowerXpert UG PN: 10585-00020 Rev. V 3-9
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3-6 Continuous Mode Using USB Power Sensors with PowerXpert

Aperture Time

The aperture time is the total time the sensor observes the input signal in order to make one power
measurement. Settings vary depending on which power sensor is connected as follows:

MA24103A: Aperture time is not available
MA24105A: Aperture time is not available
MA24106A: Two aperture time modes are available.

e HAT (High Aperture Time): When High Aperture Time mode is selected, the MA24106A power sensor
provides more accurate measurements of TDMA signals. In this mode, the ADC acquisition time is
increased and the display update rate is decreased. This mode can be useful when measuring low power,
modulated signals and when changing between ranges. With HAT selected, signals with pulse repetition
periods as long as 50 ms can usually be measured.

e LAT (Low Aperture Time): When Low Aperture Time mode is selected, the ADC acquisition time is
decreased and the display update rate is increased. With LAT selected, the maximum recommended
pulse repetition time is about 10 ms.

MA24x08A, MA24x18A, and MA24126A: If external averaging is selected, two or more of these measurements
are averaged together to form the displayed power. PowerXpert automatically uses a default aperture time
based upon the connected sensor. For example, when using MA24118A with a 20 ms aperture time, the sensor
collects 2860 samples (with ~142 kHz sampling rate), and averages them together to compute the
measurement value. Depending upon the measurement speed requirements or signal type, aperture time can
be increased or decreased. For slow moving modulated signals, higher aperture time setting may be required to
obtain stable readings. Refer to the “Measurement Factors” section of your power sensor chapter for more
details.

Measurement Hold
Set to On: Holds the last sensor readings.

Set to Off: The sensor continues to sample measurements. Measurement hold is not used on the MA24103A
and MA24105A.

Apply Above Settings Button

The Apply Above Settings button applies all changes made to the Continuous mode settings. Changes to these
settings do not take effect until this button is clicked.
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Using USB Power Sensors with PowerXpert 3-7 Time Slot Mode

3-7 Time Slot Mode

Time Slot mode is available with power sensor models MA24x08A, MA24x18A, and MA24126A and is used for
performing measurements on TDMA waveforms like GSM/EDGE. The Time Slot mode breaks up the
measurement into equal time slots and displays the calculated average power reading for each individual slot
as shown in Figure 3-6.

Power versus Time

|:| Fower Max (dBm) [21.00 || Power Min (dBm) [50.00 || Scale Mode manual = | Center marker | Save 6rN

of

Index Description

1 The vertical scale displays the power level in dBm.

Trigger Delay Time: Shows the current trigger delay position. The trigger delay is set via the Trigger
2 Settings area. Note that the trigger marker will not be visible for positive trigger delays. See “Trigger
Settings” on page 3-23.

Trigger Level Marker: Shows the current trigger level position. The trigger level is set via the Trigger
Settings area. See “Trigger Settings” on page 3-23.

4 Graphical slot display showing the slot power level as a function of time slot number.

Marker showing as a vertical blue line with an x on the marker point and numerical values for the time
5 slot number 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.

The horizontal scale displays the time slots and may be increased or decreased from the Time Slot

6 mode settings window.
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 upper power level for the vertical scale. Not available when set to Automatic.
7 Power Min (dBm): Sets lower power level for the vertical scale. Not available when set to Automatic

Scale Mode: Sets the vertical scaling to Automatic or Manual.
Center marker: Set the cursor to the center of the graticule and displays the center (x, y) parameters.
Save Graph: Opens the save dialog. Saves the currently shown graph data into a .csv file.

Settings are applied by pressing the Enter key.

Figure 3-6. Time Slot Mode Graphical Display Area
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3-7 Time Slot Mode Using USB Power Sensors with PowerXpert

Settings

The measurements need to be triggered. Unwanted portions in the transition from one time slot to the next can
be masked by user-definable exclusion periods. It is necessary that the waveform under test consists of equally
spaced time slots and that the settings match the waveform. Time Slot mode settings are shown in Figure 3-7.

Anritsu PowerXpert

@@D‘ég 3 ©

Continuous | Time Slot = Scope Tools Settings Help

Time Slat Mode

Mumber of slots 3
Slok width {ms) 10
Start exclusion (ms) 0,02

End exclusion {ms) 0.02

: - Apply above settings
iR — must be clicked

Index |Description

1 Time Slot mode on Task Bar

2 Apply above settings.

Figure 3-7. Time Slot Mode Settings

Number of Slots

The number of time slots that make a single frame. PowerXpert can support up to 128 slots. A single marker
can be set on a particular slot to read average power in that slot. The power reading is the average power of all
the samples falling within that slot.

Slot Width

Slot width is the width of each slot in milliseconds. All slots in a single frame should have the same width.

Start and End Exclusion

Start exclusion is the time in milliseconds to be excluded from the beginning of each slot for power calculation.
End exclusion is the time in milliseconds to be excluded at the end of each slot for power calculation. This
feature is generally used to define spacing between slots, although it may not be evident from the Time Slot
mode graph. the following are general guidelines for Time Slot mode settings:

e The exclusions should not eclipse the entire slot width:
Start Exclusion + End exclusion < Slot width

e The maximum capture time is limited by the sensor:
Slot width x Number of slots = Total capture time
Apply Above Settings Button

The Apply above settings button applies all changes made to the “Time Slot Mode” settings. Changes to these
settings do not take effect until clicking this button.
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3-8

Scope Mode

Scope mode is available with power sensor models MA24x08A, MA24x18A, MA24126A and MA243x0A. In
Scope mode, the sensor acts similarly to an oscilloscope in that it can be used to measure power as a function of
time. A Scope mode display is shown in Figure 3-8.

M j"\’i"\‘\ ||\| 1 “"\.‘ \I JI

I

I:l Povyer Max {dEm) [20.00 | | Power Min (dBm) Scale Mode | mManual ~ | Center marker | Save Graph

Index |Description

1 The vertical scale displays the power level in dBm.

2 Trigger Delay Time showing the current trigger delay position. The trigger delay is set in the Trigger
Settings area. See “Trigger Settings” on page 3-23.
Trigger Level Marker showing the current trigger level position. The trigger level is set in the Trigger
Settings area. See “Trigger Settings” on page 3-23.
Marker showing as a vertical blue line with an x on the marker point and numerical values for the time

4 (ms) and power level (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.

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

6 The horizontal scale displays the total capture time (in milliseconds) and may be increased or
decreased from the Scope mode settings area.
Graticule Settings:
Capture Time: Displays the current capture time setting. This setting is changed in the Scope Mode
settings window.
Power Max (dBm): Sets upper power level for the vertical scale. Not available when set to Automatic.

7 Power Min (dBm): Sets lower power level for the vertical scale. Not available when set to Automatic
Scale Mode: Sets the vertical scaling to Automatic or Manual.
Center marker: Set the cursor to the center of the graticule and displays the center (x, y) parameters.
Save Graph: Opens the save dialog. Saves the currently shown graph data into a .csv file.
Settings are applied by pressing the Enter key.

8 Gate Start (ms)

9 Fence Start (ms)

10 Fence End (ms)

1 Gate End (ms)

Figure 3-8. Scope Mode Graphical Display Area
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3-8 Scope Mode Using USB Power Sensors with PowerXpert

Settings

The Scope mode settings are shown in Figure 3-9.

Anritsu PowerXpert

JOEE 2 3 ©

Continuous  Time Slot Tools Settings Help

Scope Mode

Capture time (ms) z0
Diaka poinks 200
Gate stark {ms) 0,000
Gate end {ms) 20,000
Fence start {ms) 0,000
Fence end {ms) 0.000

Enable gate and fence
. Apply above settings

Index |Description

1 Scope mode location on Task Bar

2 Apply above settings.

Figure 3-9. Scope Mode Settings

Parameters of Operation

There are two parameters needed to define the Scope mode operation:
* Capture time
¢ Number of data points.

The sensor first waits for a trigger. Upon receiving a trigger, the sensor starts collecting data at its sample rate
for the duration of the capture time. This will typically result in a number of samples that exceed the number
of displayed data points. In this case, individual samples are averaged together to display the requested
number of data points.

Capture Time: The Capture Time represents the time displayed on the screen at any one time. If a positive
delay is specified for the trigger delay item, the capture time will commence once the specified delay has been
reached.
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Using USB Power Sensors with PowerXpert 3-8 Scope Mode

Data Points: Scope mode can be used to look at very fine structures of a signal. When using marker, gate, and
fence, the power of any specific time can be accurately measured. To better observe these fine signal structures,
a graph capture time can be reduced to get better resolution. However, as capture time shrinks, the time
intervals between data points on the graph also decrease. The capture time can continue to shrink until it
approaches the absolute resolution limit.

The sampling rate of the MA241xxA series power sensors 1s approximately 131 kS/s, or 7.6 us per sample. The
sampling rate of the MA242x8A and MA243x0A series power sensors is approximately 140.056 kS/s, or 7.14 us
per sample. When the capture time divided by the number of points is at 7 us, the resolution has reached its
maximum. Any more reduction in capture time must be accompanied by a reduction in the number of data
points such that:

(capture time)/(data point) > 7 us

For example, in case of a MA24118A with 20 ms of capture time, there are 2860 samples. If there were 10 data
points, then each data point consists of an average of 286 samples. The number of data points should not be
less than the total number of samples. For a given capture time, the lower the number of data points the more
samples that are averaged per point, thus the lower the trace noise.

When there is a large number of points in a graph, the points are plotted at the beginning of the given time
interval. For example, if a graph has a capture time of 100 ms and data points of 1000, then the first time
interval is from time O pus to 100 ps (100 ms/1000). The power measured during this time interval is plotted as
a point at time O ps. Subsequent intervals are plotted the same way until time interval 1000, where data is
plotted as a point at time 99.9 ms. When there are many data points in a graph, not having a point at exactly
100 ms is not noticeable. However, when there are fewer points, then the graph seems incomplete (missing the
last data point). One may perceive this as a time inaccuracy if not aware of how the graph is plotted.

When the number of points reaches 100, PowerXpert implements a different type of graphing that is more
technically correct. Instead of plotting each time interval as a point, time intervals are plotted as a horizontal
line between the start and the end of the time interval. For example, if a graph has a capture time of 1 ms and
data points of 100, then the first time interval will be from 0 us to 10 ps (1 ms/100). The power measured
during this time interval is a horizontal line representing the measured power plotted between time 0 us to

1 ps. Subsequent time intervals are plotted the same way until time interval 100, where a horizontal line is
plotted between time 990 ps and 1 ms. See Figure 3-10. The resulting power graph will look different as seen in
Figure 3-11.
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3-8 Scope Mode Using USB Power Sensors with PowerXpert

Data Points > 100 Data Points <100
Time | Time Time | | Time | Time | Time |
Interval | Interval Interval | | Interval | Interval | Interval

#1 #2

| |
| #1 #2 | #3
| e
| |

@ Power (dBm)

w |
I
I
I
I
I
I
I

I

| | \ | | | |

I I I I I I
Time (ms) \ / Time (ms)

Power data point @ @ Note missing trace Power data plotted as @ Note step

plotted at the left end at last time interval horizontal line across responses
of the time interval full time interval

Index |Description

1 Data Points > 100

Data Points < 100

Time Intervals (#1, #2, #3)

Power (dBm)

Power data point plotted at the left end of the time interval
Time (ms)

Note missing trace at last time interval

Power data plotted as horizontal line across full time interval
9 Note step responses

O N O O B W DN

Figure 3-10. Data Point Plot Difference Description

(1 Data Points > 100 (@ Data Points < 100

Power versus Time Power versus Time

Index |Description

1 Data Points >100
2 Data Points <100
3 Note the missing trace at the last time interval in the plot on the left.

Figure 3-11. Data Points Plot Differences
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Using USB Power Sensors with PowerXpert 3-8 Scope Mode

Gate and Fence

The Gate and Fence feature enables measurement of the desired portion of the waveform. A Gate is a
specification for extracting an averaged power reading measurement between two defined points on a pulsed
waveform. A fence must be set up within the boundaries of a gate, unless the fence is disabled by setting the
Fence start and end to zero, or to the same value. All data sampled between the fence start and end positions
are excluded from the average power calculations for the gate. This is useful for purposes such as excluding a
training sequence from an EDGE measurement.

@ Fence Fence @
Start End

Ml

©Gate Gate @

Start End

Index |Description
1 Fence Start
2 Fence End
3 Gate Start
4 Gate End
Figure 3-12. Gate and Fence Mode Settings

Checking the Enable gate and fence box enables the feature in PowerXpert. All of the gate and fence settings
are relative to the triggering event (start of capture). The fence must reside entirely within the gate, unless the
fence is disabled by setting the Fence start and Fence end to zero. The gate and fence start and end points can
be dragged by the mouse or directly entered: (the Apply above settings button must be clicked to enable the
changes to the gate and fence parameters, even when dragging them with the mouse).

Certain restrictions and conditions apply when setting up gating and fence settings as listed below:
* Gate start cannot be negative and it cannot exceed the capture time.
¢ Gate end value cannot be less than gate start and cannot exceed the capture time.
* Fence start should be between Gate start and Gate end.
e Fence end should be between Fence start and Gate end.
¢ If the Fence start and Fence end values are the same, then the fence is disabled.
» Fence is disabled if both fence start and fence end are set to zero.

e The Fence start and Fence end positions cannot be set outside of the area defined by the Gate start and
Gate end positions.

¢ The Gate start and Gate end points are included in the measurement.

* The Fence start and Fence end points are excluded from the measurement and have priority over the
Gate start and Gate end points if they coincide.
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3-9 List Mode Using USB Power Sensors with PowerXpert

3-9 List Mode

List mode is only available with power sensor models MA242x8A and MA243x0A. In List mode, the sensor can
take up to 1000 measurements with different settings defined for each measurement. The measurement
settings are defined in a setup file which must be sent to the sensor before starting the measurement process.
The sensor needs to be externally triggered to perform each measurement. After each measurement is
complete, the sensor sends a trigger out signal to indicate its readiness for the next trigger. In this way,
handshaking can occur to synchronize the sensor and the device-under-test. When all measurements are
completed, the results will be displayed in a table. If any error occurred during a measurement, the table row of
the corresponding measurement will be highlighted in red.

List Mode Setup File

In List mode, the correct settings for each measurement are specified in a text file which is sent to the sensor.
A List Mode window is shown in Figure 3-13. To send a setup file to the sensor, browse to and select the file by
clicking the button next to the List File text box, then click the “Upload Settings to Sensor” button. The user
must load the sensor with a setup file containing a list of frequency (GHz), aperture time (ms), and average
count settings using the LOADLIST command where each set of settings corresponds to one measurement
setup. See “Setup File Example” on page 3-19. The file format of the setup file is specified below. It needs be a
(.csv) file that contain a header followed by up to 1000 sets of settings, each on their own line. The file must end
with a blank line. The file format is comma separated value (.csv). Once a setup file has been sent to the sensor,
the “Start List Measurement” button will become available to start the measurement process. See “List Mode
Output File” on page 3-19.

Anritsu PowerKpert

e
Continuous Scope List

Q2 A @

Tools Settings Help

List Mode
List File Testing“ListModeSettings tbd E]

Output File  top“ListMod=Output bt E]

General Settings

S ——

Index |Description
1 List Mode Settings
Figure 3-13. List Mode Settings
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3-9 List Mode

Setup File Example

Frequency

2.

2.

<blank line>

0,1,1024

2.0,2,1024
2.
2.0,4,1024

0,3,1024

0,200,10

Aperture Time (ms), Average Count

Meas Frequency Aperture
Mo (GHz) time (ms)
B 2,00000 1.00
2 2.00000 200
3 2.00000 3.00
4 2.00000 400
5 2.00000 5.00
6 2.00000 6.00
7 2.00000 7.00
g 2.00000 8.00
5 2.00000 5.00
10 2.00000 10.00

Averages  Power (mW)

10 |-000.0000028
10 |-000.0000035
10 | -000.0000006
10 | -000.0000015
10 |-000.0000027
10 |-000.0000013
10 | -000.0000022
10 |-000.0000017
10 | -000.0000023
10 | -000.0000027

Figure 3-14. List Mode Data Display

List Mode Output File

The results from the List mode measurements can be saved to an output file. Browse to a location by clicking
the button next to the Output File text box, enter the desired filename and click save. Once a List mode run
has completed, the results can be saved to the output file by clicking the “Save Results to Output File” button.
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3-10 General Settings

The General Settings settings shown in Figure 3-15 are common to all four modes and power sensors.

General Settings

Zero sensar Zera

Frequency (GHz) 0.01

Auto average 0.01 dB hd
Autoavgsre (Point) z

Aweraging methad Moving v
Awverages

Offset (dB) i]

Range Auto “

: Apply above settings
e~ [ ust be clicked

Index |Description

1 Button must be clicked to apply above settings

Figure 3-15. General Settings

Zero Sensor

Zero the sensor before making power measurements. If frequent low-level measurements are being made,
check the sensor zeroing often. Before zeroing the sensor, connect it to the DUT (device under test) test port
and reduce RF power from the connection to a level 20 dB below the noise floor of the power sensor.

The MA24103A and MA24105A level is less than —20 dBm. For the MA24106A power sensor, this level is less
than —60 dBm. For the MA243x1A, this level is -67 dBm. For the MA24108A, MA24118A, MA24126A, and
MAZ243x0A this level is less than —70 dBm. For the MA24208A, and MA24218A, this level is less than —70
dBm.

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 or disconnected from any signal source.

Frequency

Entering the frequency of measurement applies frequency correction to the measured power. The power sensor
has an internal EEPROM containing frequency calibration factors that were programmed into the sensor at
the factory. The power sensor has an internal temperature sensor that reports its readings periodically to the
microprocessor. The sensor makes all of the required calculations on the measurement once entering the
measurement frequency.

Auto Average

Auto average is only available with the MA24x08A, MA24x18A, MA24126A and MA243x0A power sensors.
Auto average sets the auto averaging status and count. When an auto averaging resolution is selected, the
sensor chooses an averaging number that is a compromise between stabilizing the power reading and providing
reasonable settling time. It does this by choosing an averaging number based on the power level currently
being measured.

For most power levels, selecting auto averaging results in the power reading fluctuating by no more than twice
the selected auto average resolution setting. However, near the low end of the measurement range, the power
reading may fluctuate by more than this as the averaging number has been limited to maintain reasonable
settling response time. Auto averaging only stabilizes the readings due to noise contributed by the power
sensor electronics. Power variations that are the result of measuring modulated signals are not taken into
account by the sensor in auto averaging. Setting Auto average to Off enables manual averaging.
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Auto Averaging Source

Auto averaging source is only available in “Scope Mode” (to specify which point to use) and in “Time Slot Mode”
(to specify which slot number to use). Auto averaging source is only available with the MA24x08A, MA24x18A,
MA24126A and MA243x0A power sensors. Auto averaging source sets which display point or slot number to
use for auto averaging. The auto averaging algorithm can only use one averaging number at a time and this
point or slot number must be specified when “Auto Average” is enabled.

Averaging Method

Averaging method is only available with the MA24x08A, MA24x18A, MA24126A and MA243x0A power
sensors. The types of averaging methods are Moving and Repeat.

Moving: Averaging is continuously performed over the number of specified measurements. When the specified
number is reached, the average is calculated. When the next measurement is finished the average is
recalculated from the new start and end positions. Refer to the figure below that shows moving averaging
performed over eight measurements.

(’ Averaging 3 I
il Averaging 2 i
/ Averaging 1 ‘\

T A L e L e e .

TU20013: {41888 |1 (A2 |13 14 15| |16

Figure 3-16. Moving Averaging

Repeat: Averaging is performed over the number of measurements specified. The displayed power is not
updated until the next entire batch of measurements is complete. Refer to the figure below that shows repeat
averaging performed over 8 measurements.

Averaging 1 Averaging 2

f N I
|
9

(! A A

TP AV LA
AR =A< AMEARE: A< AR A 10 11 12 13 14 15 16

Figure 3-17. Repeat Averaging

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. This setting is only available when “Auto Average” is Off
and applies equally to both forward and reverse measurements.

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.

PowerXpert UG PN: 10585-00020 Rev. V 3-21

www.tehencom.com



3-10 General Settings Using USB Power Sensors with PowerXpert

Range

Range allows the operating power range of the sensor to be set to the desired range. Setting to “Auto” means
that sensor firmware determines the appropriate range for it to operate. Auto ranging is available only with
MA24108A, MA24118A, MA24126A, MA24208A, MA24218A and MA243x0A power sensors.

Table 3-2. Power Sensor Operating Power Range

MA24103A,
<det range> MA24105A MA241xxA MA242x8A MA243x0A
0 Auto Range Auto Range Auto Range Auto Range
1 Low power (+3 dBm | Channel A (+20 dBm | Channel A (+20 dBm | Channel A (+20 dBm
to +38 dBm) to —7 dBm) to +4 dBm) to +4 dBm)
5 High power (+38 Channel B (<=7 dBm | Channel B (<+4 dBm | Channel B (+4 dBm
dBm to +51.76) to —40 dBm) to —16 dBm) to —16 dBm)
3 ) i Chanel C (<-16 dBm | Chanel C (-16 dBm
to —60 dBm) to —70 dBm)

In some instances, setting the range manually improves the measurement. For example, a low duty cycle, high
crest factor signal, where average power may fall in one range and the peak power in another, may result in
erroneous readings when the sensor is set to auto range. In this case, setting the range manually closer to the
anticipated average power will increase the accuracy.

Apply Above Settings Button

The Apply above settings button applies all changes made to the “Scope Mode” settings. Changes to these
settings do not take affect until clicking this button.
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3-11 Trigger Settings

Trigger settings is only available in Time Slot Mode and Scope Mode with power sensor models MA24x08A,
MA24x18A, and MA24126A. Trigger settings are available only in Scope mode with MA243x0A. Trigger is an
event that initiates a measurement run. When the sensor is armed, it starts looking for the trigger. Once the
trigger occurs, the sensor starts collecting data and measurement commences. Before arming the sensor, the
sensor must be set up with the following trigger related parameters:

Trigger

Am type Auto hd
Level {dBm) 20

i
Delay{ms) -5

Holdoff {ms) 20

Hysteresis (dB) 1

RN -1 11 - S—

Figure 3-18. Trigger Settings

Trigger Source

e Internal Trigger: If internal trigger source is selected, the sensor triggers based on the signal level,
edge/slope and noise immunity factor.

« External Trigger: When the sensor is setup with external trigger, it is triggered by the TTL/CMOS
signal on the external trigger pin. In this trigger source, sensor can be set up to trigger at a particular
edge of the TTL/CMOS signal. External trigger does not depend on any other trigger related parameter.

¢ Continuous Trigger: The sensor continuously collects data when the trigger source is set to continuous
and does not look for any trigger event. Continuous trigger does not depend on any other trigger related
parameters and these settings are unavailable for a Continuous trigger source.Trigger Arm Type

The trigger parameters are effective only if the sensor is armed. “Armed” is the state when the sensor is
looking for a trigger. By default, the sensor is in Standby mode, it has to be armed before it starts looking for
trigger. Trigger arming is effective only when the trigger source is set to internal or external. It does not play
any role when the trigger source is continuous. An armed sensor returns the power automatically after a
trigger has occurred and data has been collected and processed. The trigger can be armed in following ways:

e StandBy: This is the default arming state of the sensor. If the trigger source is internal or external, and
the arm type is stand by, then the sensor will not make measurements or update the trace data. This is
similar to the “stop” acquisition function of a digital oscilloscope. However, if the trigger source is
continuous, then the sensor continuously collects and updates trace data.

¢ Auto Arm: In this state, the sensor rearms automatically after a trigger event has occurred and power is
displayed. It is generally used to evaluate periodic waveforms. In other words, the sensor rearms after
every measurement run. The power is displayed/updated automatically after every trigger event.

e Single Arm: The trigger is first armed and, once the trigger event occurs, the data is collected and the
display updated, then the trigger is unarmed. Thus, only one measurement run and display update is
performed. This mode is generally used to evaluate non-periodic waveforms. If averaging is selected, the
results will not usually be very meaningful because all of the measurement runs commence with only the
one trigger event and occur successively. The individual measurement runs are not synchronized to the
input signal; therefore, averaging should not normally be used with the single arming type.

¢ Multiarm: Multiarming is used when averaging is needed, but continuous display updates are not
needed. In this mode the trigger is armed, then once the trigger event occurs, the measurement data is
taken and the display is updated (for the moving average method). Then the trigger is rearmed. This
cycle repeats N times where N is the current averaging number. If the averaging method is Moving, then
the display is updated after each trigger and measurement run. If the averaging method is Repeat, then
the display is updated only after N triggers and measurement runs. Once N runs are complete, the
trigger is unarmed.
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Trigger Level

Sets the power level threshold of the waveform under test that, when crossed, triggers a measurement. It is
used during internal triggering only.

Trigger Edge

It sets the trigger edge for internal and external trigger. Trigger edge can be set to positive or negative. For
internal trigger, the sensor triggers only when the signal crosses the trigger level from high to low when set to
negative edge; the sensor triggers only when the signal crosses the trigger level from low to high when set to
positive. For external trigger, the sensor triggers when the TTL/CMOS signal on the external trigger pin falls
from high to low when set to negative; the sensor triggers when the TTL/CMOS signal on the external trigger
pin rises from low to high when set to positive.

Trigger Delay

A trigger delay allows a time lag (positive or negative) between the trigger event and the data displayed on the
screen. An example of Trigger Delay with positive parameters is shown in Figure 3-19.

Specifying a positive delay has the effect of displaying data occurring some time after the trigger event. When
the delay is positive, the sensor waits for the set delay time after a trigger before it starts taking readings. The
sensor 1s unresponsive during the wait period and cannot be aborted. For example, for a capture time of 20 ms
and a delay of 1 ms, the length of the capture would be from 1 ms to 21 ms given that the trigger occurs at time,
t = 0. The capture time is unaffected by a positive trigger delay.

Power versus Time

z.000 4,000 14,000 16,000 15,000

Index |Description

1 Capture Time (ms)

2 Trigger Level (dBm) and Positive Edge Trigger

3 Positive Trigger Delay Time (ms)

Figure 3-19. Trigger Delay Positive Parameters
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Specifying a negative delay allows the user to display data occurring immediately before the trigger event. An
example of Trigger Delay with positive parameters is shown in Figure 3-20. The negative delay cannot be
greater than or equal to the capture time. If the capture time conflicts with the trigger delay, an error is
generated.

Power versus Time

2.000 4,000 14,000 16,000 18,000

Index Description
1 Capture Time (ms)
2 Trigger Level (dBm) and Positive Edge Trigger
3 Negative Trigger Delay Time (ms)

Figure 3-20. Trigger Delay Negative Parameters

Trigger Holdoff

Trigger Holdoff is available only in MA242x8A and MA243x0A models during internal or external triggering.
It is intended to prevent problems arising from multi-triggering by suppressing triggers for a time after the
first detection. When detecting noisy RF pulses, hysteresis and noise immunity may not be sufficient for
reliably detecting the correct trigger event. A noisy burst might always drop below the lower hysteresis
threshold and be missed entirely. Similarly, a noisy burst may not cross the noise immunity threshold enough
times to cause a trigger detection. With hysteresis and noise immunity off, a trigger hold off duration slightly
greater than the signal burst time will ensure a stable trigger capture.

Noise Immunity

Noise Immunity is available only in MA24108A, MA24118A, and MA24126A models. This feature is available
during internal triggering and is intended to minimize the risk of triggering on an unintended edge. For very
noisy signals, the sensor can trigger at an undesired point or edge. To provide immunity against such
situations, the sensor can be set to wait for N number of samples to cross the trigger level before it triggers.
Higher values of N result in increased noise immunity, but also increase the trigger latency. It is advised to use
a negative trigger delay when using noise immunity. The negative delay required to reduce the trigger latency
1s the product of N and the sample duration of the power sensor (see sensor specifications), which is
approximately 7 us for the MA24108A and MA24118A. The default value for the trigger noise immunity factor
is 1 (no immunity).
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Hysteresis

Hysteresis is available in the MA242x8A and MA243x0A models. This feature is available during internal
triggering and is intended to minimize the risk of triggering on an unintended edge. To minimize this
potential, the sensor can be set to wait for the measured power to be beyond a hysteresis value of 0 to 10 dB
from the trigger level before it is rearmed to trigger. The hysteresis value is applied differently depending on
the Trigger Edge setting. If the Trigger Edge is positive, then the measured level must fall below the trigger
level by the hysteresis amount before it is rearmed to trigger. For negative Trigger Edges, the measured value
would need to rise above the trigger level plus the hysteresis value before the trigger is rearmed. The default
value for the hysteresis level is +/— 0 dB (no hysteresis).

Arm Trigger Button

The Arm trigger button becomes available in “Time Slot Mode” or “Scope Mode” when the “Trigger Settings”
have been changed. It may also become available in other conditions such as trigger timeout. Clicking the
button applies the trigger settings and arms the trigger. PowerXpert may not be actively taking data and
updating the graph when the Arm trigger button is available and has not been clicked.
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3-12 Tools Menu

The Tools menu is shown in Figure 3-21.

&

Tools

Zero All Sensors

Capture screen...

Log Data...

Single Sensor Display

Show Multiple Sensaor Display...
Offset Table 3
Update Firmware...

View SUmmary...

Advanced Features

Figure 3-21. Tools Menu

Zero All Sensors

Zero All Sensors provides a convenient method of zeroing all connected sensors. Zero all sensors before making
power measurements. 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. For the MA24103A and MA24105A, this level is less than —20 dBm. For the MA24108A,
MA24118A, MA24126A, MA24208A, MA24218A and MA243x0A, this level is less than —70 dBm. For the
MA243x1A, this level is —67 dBm. 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 displays the Save image dialog that allows
you to save the image in BMP, JPEG, PNG, or GIF file formats.

Save image E]
Save jn |L’jPOWEIXDEIIMu|U V| €] ? #
Y (happlets
uﬁ (L)Drivers

My Recent
Documents

Desktop

My Documents

amD02967 on
BLEEDZ
File name: | A | [ Save 1
Anitsu Metwork | Save as lupe: | BMP file - | [ Cancel ]

Figure 3-22. Save Image Dialog
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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:

Interval Setup

Full Speed

Log Interval [zec.]

| Start | | Stop

Figure 3-23. 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.): Type the time interval in which to log data when Full Speed is deselected.

Log Interval should be set to reduce the number of data points when capturing long time periods as

Note 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:
e yyyy: Four-digit year
¢« mm: One- or two-digit month
e dd: One- or two-digit day
¢ hhmmss: Two digit hours (24-hour clock), minutes, and seconds

The Save As dialog is shown when the Start button is pressed.

Save As @@

Savein: | [C) My Documents v ¢ ¥ £ G-
N |51 1 Power Sensors My _Docs
:3 |50 1a Power_Mekers |CIPOF
My Recent |51 2 ©ld Desktop |[Z)PrintScreen Files
Documents (253 Product Mitg [CIPRI_WHA
= L4 CSBU |C)Updaters
L% [C3)5 Prajects B 0709015_2009_3_11_134712.c5v
Desktop [C3)6 Manthly Reports B 0731029_2008_7_22_162255.csv
(037 Personal B oa44002_2009_2_20_18z652.csv
(T3 archive B cwData_2009_3_19_182631.csv
[C3)Bluetaath ELlPrOTO-006_2008_9_15_190940.cv
My Docaments QLabVIEW Data @proto-lﬂl._ZDDB_l 1_7_110105.c5v
I3 My Meetings Igsensorserlal_2009_2_14_1 54329, 05w
- d Iy Music
tﬁ-g (L2} My Pictures
(@M web Sites
am003904 on
ASHARMADD
‘,_‘] File niame: Ciw/Data_2009 3 20 171300 cs4 v
Anritsu Metwork, | Save as lupe: Comma separated values(*.cav) v

Figure 3-24. Log Data Save As Dialog
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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 3-25. 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 3-26. Log Data Enhanced Modulation Off

3-30 PN: 10585-00020 Rev. V PowerXpert UG

www.tehencom.com



Using USB Power Sensors with PowerXpert

3-12 Tools Menu

Single Sensor Display

Used with the MA24103A only. Provides a real-time power measurement display along with the

Continuous Mode control panel. The Power vs Time screen and the Apply Settings button are not available in
this mode. Parameter changes made in the Continuous Mode control panel are applied and displayed in real
time in the Single Sensor Display panel as shown in Figure 3-27. The MA24103A power measurement
parameters can be changed in the Continuous Mode panel and the resulting measurements are displayed in
real time in the Single Sensor Display window.

SingleSensorSetti..  —

Continuous Mode

Forward Average b
Reverse VSWR bl
Units dBm bl
Video BW 4 KHz

Duty Cyde 100,00

Relative Mode  Relative Off ~

General Settings

Zero sensor

Sm——

Select Modulation Type
MNOME

R

Range Auto ~

Averages

Offset (dB)

e

Save

D

(®) Custom () Default

SingleSensorDisplay
COM4 MAZA1034 2102122 1Avgs 0.35 GHz 0.00 dB
Forward Average VSWR
Log Data:ON  |Enh Mod: OFF |Stgh Det: OFF Zeroed

Figure 3-27. Single Sensor Display

Load Setup

Press the Load Setup button to show the Windows stored file location dialog. Click the file to load.

Save Setup

Press the Save Setup button to display the Windows save dialog.

Custom: Create a folder/file location to set as a custom file location. When the Save Setup button is pressed,

files will be stored in this custom location.

Default: Loading the PowerXpert program creates a default file location in the users PC for the MA24103A.

"C:\Users\<xxxx>\AppData\Local\Anrtisu\PowerXpert\" where <xxxx> is the users personal PC

identification.

When the Save Setup button is pressed, files will be stored in this default location. The default settings are
launched when PowerXpert is opened. The default setting files can be shared with other users.
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Show Multiple Sensor Display

PowerXpert offers a Multiple Sensor Display screen that can show 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. The measurements in the Multiple Sensor Display may differ from the measurements
displayed in the numerical display area. The Multiple Sensor Display measurements are accomplished in a
multi-threading process while the measurements in the numerical display area are performed.

Multiple Sensor Display @
usBe MAZ242184 | 0000100 1Avgs 2.00GHz | 0.00dB Port Num Model Serial Avgs Freq Offset
Awverage Power
-58.06 dBm -
.
Log Data:OFF | Enh Mod: OFF Not Zeroed Log Data: Not Zeroed
Port Num Model Serial Avgs Freq Offset Port Num Model Serial Avgs Freq Offset
- -
Log Data: Not Zeroed Log Data: Not Zeroed
Port Num Model Serial Avgs Freq Offset Port Num Model Serial Avgs Freq Offset
- -
Log Data: Not Zeroed Log Data: Not Zeroed
Port Num Model Serial Avgs Freq Offset Port Num Model Serial Avgs Freq Offset
- -
Log Data: Not Zeroed Log Data: Not Zeroed

Figure 3-28. PowerXpert Multiple Sensor Display

When using multiple sensors, the sensor parameters are applied to the selected sensor in the Sensor
Information area.

Anritsu PowerXpert =B %
[ @ %«
w g L2 4 @
Confinuous ~  Time Slot. Scope Tools Settings Help
Continuous Mode Sensor Information UsB MA24213A 0000100 Average Power 1 Avgs 2GHz 0.00 dB
Dutycyde (%) o0 F- MA24126A, 0851030
G- MA24218A, 0000100

Relative off = \
Units dBm A
-
Aperture time (ms) 20 n

Measurement hold |Off i

Figure 3-29. Selecting Sensor
View Summary
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Show Multiple Sensor Display
PowerXpert shows a Multiple Sensor Display screen as shown in Figure 3-30.
e Forward Average Power
e Forward Crest Factor
¢ Forward Burst Average
¢ Forward Peak Power
¢ Reverse Average Power
e Reverse Refection Coefficient
¢ Reverse Return Loss
e Reverse VSWR.

This display, is enabled by clicking Tools | View Summary. The measurements in the Summary Display may
differ from the measurements displayed in the numerical display area. The Summary Display measurements
are accomplished in a multi-threading process while the measurements in the numerical display area are
performed.

Summary Display [ =] Sumnmary Display El
Forward Measurement Reverse Measurement Forward Measurement Reverse Measurement
Average Power Average Power Average Power Average Power
Crest Factor Reflection Coefficient Crest Factor Reflection Coefficient
20.61 dB 0.61 N/A 0.88
Burst Average Power Return Loss Burst Average Power Return Loss
8.63 dBm 431 dB N/A 1.10dB
Peak Envelope Power VSWR Peak Envelope Power VSWR
11.98 dBm 4.12 N/A 15.76
MA24103A Summary

Figure 3-30. View Summary Screen

Offset Table

Offset Table feature is only available with the MA24106A power sensor. Offset table provides the ability to
apply corrections to measurements when RF devices are used between the sensor and DUT. Different from
Fixed Offset, Offset Tables allows you to enter different offset values at different frequencies for an RF device.
The frequency response of that device needs to be known before the offset corrections can be entered. Offset
Table employs linear interpolation to determine offset values for intermediate frequencies. In cases where the
cal factor frequency is higher than the highest frequency in the offset table, then the offset for the highest
frequency in the table is used. Similarly, when the cal factor frequency is lower than the lowest frequency in
the offset table, then the offset for the lowest frequency in the offset table is used.
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Offset Table Setup
The procedure for setting, saving, recalling, and applying the offset table is as follows:
1. Click Tools | Offset Table | Setup.

OffsetTable

FlE W Freq(GHz) oOffset (dBm)

ClearTable | | appy | [ Concel

Figure 3-31. Offset Table

2. In the resulting dialog enter the frequency response of the RF device manually or by importing an S2P
file used to measure the DUT.

Note Positive values in dB are used for attenuation.

3. Click Apply in the Offset Entry screen to correct the measurement. “Offset table applied” appears briefly
in the display window indicating that an offset table correction is applied to the current measurement.
Also, a check mark is applied in front of the Enable Offset Table selection in the Tools | Offset Table
menu.

4. To clear all of the entries in the table, click the Clear Table button.

5. Save the response of the device by clicking Save from the Offset Entry Screen and save as a file in the
directory of your choice. Any number of device responses can be stored. The files are stored as comma
separated value files (.csv).

6. To recall a response, click File | Open in the Offset Table dialog, select the file, and then click Apply.
Similarly .s2p files can be imported by selecting File | Import .s2p file in the Offset Table dialog.

7. To remove the offset table correction, click Tools | Offset Table | Enable Offset Table. to remove the
check mark. “Offset table disabled” appears briefly in the display window indicating that an offset table
correction is no longer applied to the current measurement.

Update Firmware

To Update the MA21xxA series, refer to Appendix B, “Upgrading Power Sensor Firmware — MA241xxA
Series”.

To Update the MA242x8A and MA243x0A Series, refer to Appendix C, “Updating Power Sensor Firmware -
MA242x8A and MA243x0A Series”.
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3-13 Advanced Features

Advanced Features provides the Enhanced Modulation and Step Detect submenus.

Enhanced Modulation

This feature is active with the MA242x8A sensors only. The enhanced modulation has a different algorithm to
compute the final power reading based on sampled voltages, and is available in all the modes supported. The
crossover power between ranges are set 3 dB lower in enhanced modulation to allow for the modulated signal.

Step Detect

While using auto averaging, the step detect feature allows the sensor’s power readings to jump quickly to the
actual input power when a large change in power is detected. When viewing power versus time in Continuous
Average mode in PowerXpert, the averaging count calculated by auto averaging can be high enough to cause a
noticeable settling time in the power readings. When step detect is enabled the power readings will jump
quickly to near the actual input power level. Step detect causes the plotted data to appear to reach the actual
input power faster, but note that the actual settling time remains the same.

3-14 Settings Menu

The Settings menu is only available with the MA24126A, MA242x8A, and MA243x0A, and power sensors. The
Settings menu shown in Figure 3-32 is used for saving and recalling PowerXpert setups, resetting PowerXpert,
setting the sensor time out, and enabling secure mode.

i
B

Settings

Save/Recall Setup. ..
Reset to Factory Settings

Set Sensor Time Out. ..

Secure Mode

Figure 3-32. Settings Menu

Saving and Recalling Settings

The current settings can be saved to any one of ten non-volatile storage locations. If the storage location was
already in use, the previously stored settings are automatically overwritten. Trigger Arm Type, Sensor
Timeout, Scale Mode settings, Units, and a fixed Offset value are not stored as part of the saved setup and will
not be recalled

Save/Recall setup ié‘
@ Save
(") Recall
10 -
]
2
3
—4
5
6
8
9
(0|
Figure 3-33. Save/Recall Setup Dialog
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Resetting to Factory Settings

This selection resets PowerXpert and the power sensor to the default state.

Sensor TimeOut Setting

Sensor TimeOut is a PowerXpert feature. It is active during internal or external triggering only (Time Slot and
Scope modes). It is provided for situations where a trigger event may not occur for a long period of time (greater
than a default of 1 minute).

Please enter the sensor timeout in
seconds (1 - 259200) 10

CK Cancel
|

Figure 3-34. Sensor TimeOut Dialog

During triggering (internal or external), the sensor sends the data to the application after it receives a trigger.
If the PowerXpert application does not receive any data from the sensor for the set timeout period, then the
user is informed and is prompted to re-arm the sensor.

Trigger timed cut on sensor 0000100, Check trigger settings and re-arm the
trigger.

N

Figure 3-35. Trigger Timed Out Dialog
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Secure Mode

The MA24103A, MA24105A and MA24106A are secure devices and can be moved in and out of the secure
facilities as there are no user accessible locations in this sensor. In the MA24x08A, MA24x18A, MA24126A and
MA243x0A, the user can store and retrieve instrument set ups in this memory. Memory is cleared using the
secure mode procedure. The MA24106A USB power sensor has two different types of memory devices:

e Non-Volatile 32 kB FLASH memory within the PIC18F4550 micro-controller. This contains firmware for
the sensor. This memory is not accessible by the user.

¢ Non-Volatile 8 kB EEPROM. This contains sensor factory calibration data and sensor information like
Serial no, model no etc. This memory is not accessible by the user.

The MA24103A, MA24105A, MA24108A, MA24118A and MA24126A USB power sensors have three different
types of memory devices:

e Non-Volatile 512 kB FLASH memory within the micro-controller. This contains firmware for the sensor.
User cannot write to or access this memory.

¢ Volatile 32 MB SDRAM. This contains program variables, buffers and calibration data information while
sensor is in operation. This is initialized on power up and wiped clean when powered down. The user
cannot write to this memory directly, and it is completely cleared during power down. This memory is
not accessible by the user.

¢ Non-Volatile 4 MB Data FLASH. Contains sensor factory calibration data, user setups (user setups are
not used on MA24103A and MA24105A) and sensor information like Serial no, Model no etc. The user
cannot write to this memory directly.

The MA242x8A and MA243x0A USB power sensors have four different types of memory devices:

e Static memory 128 kB within FPGA. It is initialized during FPGA configuration with the bootloader
code, which starts to execute after configuration is complete. This memory is not accessible by the user.

e Non-Volatile 64 kB FLASH memory. This contains boot flash for the FPGA and firmware for the sensor.
This memory is not accessible by the user.

e Volatile 512 MB SDRAM. This acts as program and data storage while the sensor is in operation. It is
initialized on power up and wiped clean when powered down. This memory is not accessible by the user.

* Non-Volatile 128 kB Data FLASH. This contains sensor factory calibration data, user instrument setups,
and sensor information like Serial no, Model no ete.

3-15 No Sensor

The No Sensor message shown in Figure 3-36 1s displayed:

o If there is no response from the sensor after re-arming of the trigger.

Part Mum Madel Serialia Avgs al Freg Offset

No Sensor

Log data: OFF Mot zeroed

Figure 3-36. No Sensor Connected

o If the sensor detects that trigger arming is set, then there was no trigger and will again wait for the data.
If the data still does not come, the cycle repeats.

» If the trigger event does not occur for a long time, then the length of the sensor’s timeout needs to be
increased or the trigger needs to be re-armed manually.

e If no trigger event is detected.

e If there is a communication problem with the sensor. In this case, close the application, disconnect
sensor, and reopen application and reconnect the sensor. If the problem persists, contact an Anritsu
service center.
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Clearing the Non-Volatile Data Flash

Information such as a user-defined setup saved in the sensor needs to be removed from the USB power sensors
if it is moved out of a secure facility. This can be accomplished by using the secure mode to completely wipe the
non-volatile, 4 MB DATA FLASH of all user-saved information. The user sets the secure mode via PowerXpert.
When PowerXpert is next started, the non-volatile flash is completely purged of all user-saved information.
The power sensor then sets the factory defaults for the current settings.

Click Settings | Secure Mode. A warning dialog box appears.

Warning

& This will erase all the user saved setups from the sensor. Are you sure
Y you want to continue?

Figure 3-37. Secure Mode Warning

Click OK. Shut down and then restart PowerXpert. The power sensor now powers up with the non-volatile
memory completely purged. The secure state can also be set over the USB using the “DELETE” remote
command.

3-16 Help

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

E ABaut PonerXper = B 52
/Inritsu

Copyright (C) 2008-2020 Anritsu Compary. Al rights reserved
This application is compatible with all Anritsu USB power Sensors

Arritsu PowerXpert Software V 1.0

hittp -/ Awww anritsu.com

Figure 3-38. About PowerXpert
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Chapter 4 — Using the
MA24103A/MA24105A

4-1 Introduction

This chapter describes using the MA24103A and MA24105A inline power sensors, PowerXpert, PC, and menus

described in Chapter 3, “Using USB Power Sensors with PowerXpert”. If an Anritsu series handheld

instrument is being used with the power sensor, refer to the user documentation that came with the handheld

instrument for procedures on operating external power sensors.

4-2 Sensor Connector Overview
The MA24103A and MA24105A connectors are shown in Figure 4-1.

Front View Back View

/inritsu
MA24105A

Inline Peak Power Sensor

Maximum Power

==:

=

T
Py

|

N,
~vsWR 2 3)

TR TR
Frequency (MHz)
SERIAL NO: 1304184
T e

Bottom View

Index |Description

1 RF Input: N Type Connector (Torque connector at 12 Ibf-in [1.35 N-m])
2 RF Output: N Type Connector (Torque connector at 12 Ibf-in [1.35 N-m])
3 USB Micro-B Port (for connection with a PC or Anritsu Handheld instrument)

2-color LED (reports functional status of the sensor)
4 Green: Sensor ON, Status OK
Amber: Error Condition (see Table 4-8 on page 4-13)

Figure 4-1. MA24105A Connector Overview
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4-3 Basic Power Measurement Using the MA24103A/MA24105A

4-3 Basic Power Measurement

This section provides steps and information to make basic power measurements with PowerXpert and the
MA24103A and MA24105A. To perform a power measurement:

1. Connect the sensor to a computer or Anritsu Master series instrument as shown in Figure 4-2
on page 4-3.

2. Open the Anritsu PowerXpert application.

3. Zero the sensor as described below in “Zeroing the Sensor”.

Do not apply power greater than the power sensor specifications or permanent damage may result.

Caution Connect a fixed attenuator to the output connector when power exceeds +20 dBm.

Before connecting the power sensor to a another device, read the “Instrument Care and

Caution Preventive Maintenance” on page 1-3.

4. Connect the load to the RF OUT port of the sensor. Connecting the load first protects the power sensor as
well as the source/DUT from excessive mismatch.

5. Connect the RF source to the RF IN port of the power sensor.

6. Read the power measurement from the Anritsu PowerXpert application window (power readings are
continuous with the default setting).

4-2 PN: 10585-00020 Rev. V PowerXpert UG
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Using the MA24103A/MA24105A 4-3 Basic Power Measurement

Load
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Index Description
1 Source
2 RF In: N type Connector (Torque connector at 12 Ibf-in [1.35 N-m])
3 MA24103A or MA24105A Inline Power Sensor
4 RF Out: N type Connector (Torque connector at 12 Ibf-in [1.35 N-m])
5 Load
6 PC with Anritsu PowerXpert Application
7 USB Cable to PC
8 USB to Spectrum Analyzer
9 USB to Spectrum Analyzer
Figure 4-2. Measurement Setup
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4-3 Basic Power Measurement Using the MA24103A/MA24105A

Connecting the Sensor

RF signal connections are made to the Type N female RF connectors, which have a 50 Q characteristic
impedance. The input port is labeled RF IN and the output port is labeled RF OUT.

When connecting to the Type N female connector of the MA24103A or MA24105A to a Type N connector,
observe the following proper practice for tightening the connection:

1. While holding the body of the N connector in one hand, turn the Type N Male connector nut to finger
tighten the connection. Do not turn the body of the MA24103A or MA24105A as this will cause excessive
wear to the connector.

2. Back off the connection by turning the connector nut counter clockwise % turn.

3. Tighten the connection (clockwise) using a 12 in-lb torque wrench (Anritsu part number: 01-200).

The Sensor has a USB 2.0 interface with a USB Type Micro-B port. The MA24103A and MA24105A
Note can be remotely programmed over this USB interface. The interface is USB 2.0 compatible, but with
an interface speed of 12 Mbps.

Zeroing the Sensor

Zero the sensor before making power measurements. If frequent low-level measurements are being made,
check the sensor zeroing often and repeat as necessary. If the sensor goes into sleep mode, the sensor must be
re-zeroed before taking 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. For
the MA24103A and MA24105A, this level is less than —20 dBm. 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 or disconnected from any signal source.

To zero the sensor, click the Zero button on the application. If the sensor fails the zeroing operation, the
message box states “Sensor zero failed” and “ZERO_ERROR” will be displayed on the application screen until
the problem is corrected. If RF is detected, a reminder message will pop up asking to remove the RF source.

Applying a Calibration Factor Correction

The MA24103A and MA24105A have an internal EEPROM containing correction and calibration factors that
were programmed into the sensor at the factory. The power sensor has an internal temperature sensor that
reports its readings periodically to the microprocessor. The sensor makes all of the required calculations on the
measurement once the measurement frequency has been entered by the user.

The signal channel/analog signal acquisition hardware is integrated along with the RF front end of the power
sensor. All of the necessary frequency and temperature corrections take place within the sensor. Therefore,
there is no need for a reference calibration with the MA24103A and MA24105A.
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Using the MA24103A/MA24105A 4-4 Measurement Factors

4-4 Measurement Factors

The following measurement factors may apply.

Multitone Signals

The MA24103A and MA24105A inline power sensors are True-RMS sensors that can measure very wide
bandwidth modulation. The only limitation is the frequency flatness of the sensor. Because the sensor’s
sensitivity is not identical for all frequencies and when measuring multitone signals, the frequency entered
into the sensor’s application should be the average frequency of all significant tones.

The MA24103A has an error of 0.05 dB for every 100 MHz bandwidth at frequencies between 0.1 GHz and
1 GHz.

The MA24105A has an error of 0.05 dB for every 100 MHz bandwidth at frequencies between 0.5 GHz and
4 GHz, and an error of 0.5 dB for every 100 MHz bandwidth at frequencies below 0.6 GHz.

Noise and Averaging

To achieve a required reading resolution, particularly at low power levels, averaging is often needed to reduce
noise and steady the displayed power reading. Use the noise vs. resolution Table 4-1 to Table 4-3 to determine
the number of averages that will typically be required for a given resolution. Alternatively, determine the
number of averages through calculation by using the noise specifications and the fact that noise will be
proportional to the square root of N, where N is the number of averages.

For example, a CW tone at +25 dBm is to be measured to 0.01 dB resolution. Using Table 4-1 or Table 4-2, the
required number of averages is seven averages when measuring average power in the forward direction.

Note The set number of averages applies to both forward and reverse readings.

Settling Time

The MA24103A and MA24105A sample power continuously every 150 ms. The sensor’s front end and digitizer
settles completely to a step change in power in this amount of time. However, there is no way to synchronize
the sensor’s sampling to any other event, such as a power step or bus request for a measurement. Therefore,
the first measurement requested from the sensor after a power step may not be fully settled. To ensure a fully
settled measurement when operating the sensor over the bus, wait 150 ms after a power step before requesting
the measurement from the sensor. Alternatively, request two measurements from the sensor and discard the
first.

If averaging is required as described above, settling time increases by N X sample period, where N is the
number of averages and the sample period is the time in milliseconds. The measurement sample period is

150 ms. When operating the sensor over the bus, request N+1 measurements from the sensor, discard the first,
and then average the subsequent readings. The settling time is approximately (N+1) X sample period.

PowerXpert UG PN: 10585-00020 Rev. V 4-5

www.tehencom.com



4-4 Measurement Factors Using the MA24103A/MA24105A

Maximum Power

The MA24103A and MA24105A inline sensors are rated to meet all specifications up to an average input power
level of 150 Watts. Although the average power of all signals should be kept at or below this level, time varying
and burst signals having peak powers less than 300 W can be measured. To ensure accurate readings, the
peak-to-average ratio (PAPR) of signals must be less than 12 dB. inline sensors maximum power are shown in
Figure 4-3.

Warning Power in excess of that shown may damage the sensor.

MA24103A Maximum Power MA24105A Maximum Power
1000 1000
\\
N
™ \\
— 500 \\ N S 500 M
2 NERN = ™~
< 4 N
% \\ \\V WR=1> 2 I~ \\ VSWR < 1.5
o N N Q
200 N 200
N \
VEWR <3.0 VSWR < 3.0
100 | 100 |
30 50 100 200 500 1000 500 1000 2000 5000
Frequency [MHz] Frequency [MHZz]
Figure 4-3. Maximum Power Handling Capacity
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4-5 Optimizing the Readings

4-5

Optimizing the Readings

This section provides information on how to get the fastest readings from the MA24103A and MA24105A when
using the Anritsu PowerXpert application or operating under remote control (refer to Chapter 16 for specific
remote programming command descriptions). Measurement speed depends greatly on the type of
measurement, the power level, and stability of the signal. Stability of a measurement is influenced by noise
and signal modulation. If high resolution is required, averaging must be increased.

Note

The values in the following tables are typical and should be used as a reference only.

Table 4-1 and Table 4-2 describe the number of averages needed to attain a certain noise level for a particular
power level measurement when measuring forward average power.

Table 4-1. MA24103A (<100 MHz) Averaging Table (Forward Average Power)
Number of Number of Number of Number of Number of
Averages Averages Averages Averages Averages
Needed for Needed for Needed for Needed for Needed for
Input Power | Input Power <10.20 dB <10.15dB <10.10 dB <10.05dB <10.01 dB
(dBm) (W) Noise Noise Noise Noise Noise
50 100 1 1 1 1 1
45 31.6 1 1 1 1 1
40 10.0 1 1 1 1 1
35 3.16 1 1 1 1 1
30 1.00 1 1 1 1 7
25 0.316 1 1 1 3 69
20 0.100 2 4 7 28 -
15 0.0316 18 32 70 276 -
10 0.0100 179 314 - - -
Table 4-2. MA24103 (>100 MHz) and MA24105A Averaging Table (Forward Average Power)
Number of Number of Number of Number of Number of
Averages Averages Averages Averages Averages
Needed for Needed for Needed for Needed for Needed for
Input Power | Input Power <10.20 dB <10.15dB <10.10 dB <10.05dB <10.01 dB
(dBm) (W) Noise Noise Noise Noise Noise
50 100 1 1 1 1 1
45 31.6 1 1 1 1 1
40 10.0 1 1 1 1 1
35 3.16 1 1 1 1 1
30 1.00 1 1 1 1 1
25 0.316 1 1 1 1 7
20 0.100 1 1 1 3 69
15 0.0316 2 4 7 28 -
10 0.0100 18 32 70 276 -
5 0.00316 179 314 - - -
PowerXpert UG PN: 10585-00020 Rev. V 4-7
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Using the MA24103A/MA24105A

Table 4-3 describes the number of averages needed to attain a certain noise level for a particular power level
measurement when measuring forward peak power.

Table 4-3. MA24105A Averaging Table

Number of Number of Number of Number of Number of
Averages Averages Averages Averages Averages
Needed for Needed for Needed for Needed for Needed for
Input Power | Input Power | <+0.20 dB <10.15dB <10.10 dB <10.05 dB <10.01 dB
(dBm) (W) Noise Noise Noise Noise Noise

50 100 1 1 1 1 2

45 31.6 1 1 1 1 13

40 10.0 1 1 2 6 126

35 3.16 4 6 13 51 -
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4-6

Uncertainty of a Measurement

Included at the Anritsu download center is a Microsoft Excel tool for calculating power uncertainty. It contains
two tabs; one that provides measurement uncertainty for each sensor (selectable from a drop-down menu), and
another tab that provides additional uncertainty components and calculated values for the power sensor.

https://www.anritsu.com/en-us/test-measurement/support/downloads/software/dwl003263

Power measurements have many component parts that affect overall measurement uncertainty when
measuring power with the sensor:

Measurement Uncertainty: Measurement uncertainty includes the uncertainty associated with the
correction of frequency and the linearity response of the sensor over the entire dynamic range. Anritsu
follows the industry standard condition of calibrating the power-sensing element at a reference power of
0 dBm (1 mW) and an ambient temperature of 25 °C.

Temperature Compensation: Sensor Temperature Compensation describes the relative power level
response over the dynamic range of the sensor. Temperature Compensation should be considered when
operating the sensor at other than room temperature.

Noise, Zero Set, and Zero Drift: These are factors within the sensor that impact measurement
accuracy at the bottom of the power sensor’s dynamic range.

Mismatch Uncertainty: Mismatch uncertainty is typically the largest component of measurement
uncertainty. The error is caused by the differing impedances between the power sensor and the devices
to which the power sensor is connected. Mismatch uncertainty can be calculated as follows:

* Source Mismatch:
% Source Mismatch Uncertainty = 100[|1 + ;5% — 1]
dB Mismatch Uncertainty = 20log|1 + ['1'g]

* Load Mismatch (not considering inline power sensor insertion loss):
% Load Mismatch Uncertainty = 100[|1 + ToI'g|? — 1]
dB Load Mismatch Uncertainty = 20log|1 + ['5[ 3|

* Load Mismatch (considering inline power sensor insertion loss):
% Load Mismatch Uncertainty = 100[|1 + t?[,['5|? — 1]
dB Load Mismatch Uncertainty = 20log|1 + t*T 'y 5|

Directivity Uncertainty:

% Uncertainty due to Finite Directivity = 100[(1 + '5 /D)% — 1]

where:

D is the directivity of the inline power sensor expressed in linear units
I'; is the reflection coefficient of the inline power sensor

Iy is the reflection coefficient of the source

I'5 is the reflection coefficient of the load

t is the inline power sensor’s transmission coefficient

¢ = 10(11/20)

IL = Insertion Loss of the inline power sensor

PowerXpert UG PN: 10585-00020 Rev. V 4-9

www.tehencom.com


https://www.anritsu.com/en-us/test-measurement/support/downloads/software/dwl003263

4-6 Uncertainty of a Measurement

Using the MA24103A/MA24105A

Uncertainty Examples

Noise Measurement Uncertainty is shown in Table 4-4.

Table 4-4. Noise Measurement Uncertainty Calculations

Noise Ca|cu|ation MA24103A MA24105A
Noise | 6.1 mW/100 W = 0.0 % 1.9 mW/100 W = 0.0 %
at 15(?0"‘,'\3,)'“ Zero Set | 4.1 mW/100 W = 0.0 % 3 mW/100 W = 0.0 %

Zero Drift | 760 pW/100 W = 0.0 % 2.7 mW/100 W = 0.0 %
Noise | 510 pW/10 mW = 5.1 % 170 W10 MW = 1.7 %

at +10 dBm _ o _ o
(10 mW) Zero Set | 380 nW/10 mW = 3.8 % 250 WW/10 mW = 2.5 %
Zero Drift | 120 pW/10 mW = 1.2 % 230 PW/10 mW = 2.3 %

Two measurement uncertainty calculations for the MA24103A are shown in Table 4-5 and the MA24105A are
shown in Table 4-6. The MA24103A and MA24105A are used to measure the power of a 1 GHz, +50.0 dBm and
+10 dBm CW signal from a signal source with a 1.5:1 VSWR and a load having a 1.2:1 VSWR. The example is
based on 128 measurement averages.

Table 4-5. MA24103A Measurement Uncertainty Examples
Adjusted Adjusted
Uncertainty | Uncertainty Uncertainty | Uncertainty
at at Probability at +50 dBm | at +10 dBm

Uncertainty Term +50 dBm(%) | +10 dBm(%) | Distribution | Divisor (%) (%)

Measurement Uncertainty 3.8 3.8 Normal at 2 2 1.9 1.9

Noise 0.0 5.1 Normal at 2¢ 2 0.0 2.6

Zero Set 0.0 3.8 Rectangular \3 0.0 2.2

Zero Drift 0.0 1.2 Normal at 26 2 0.0 0.6

Directivity Induced 0.6 0.6 Rectangular | 3 0.3 0.3
Uncertainty

Source Mismatch 14 14 Rectangular | 3 0.8 0.8
Uncertainty

Load Mismatch 3.7 3.7 Rectangular | 3 2.1 2.1
Uncertainty

Effect of Digital Modulation 0 0 Rectangular V3 0 0
Combined Uncertainty

(RSS) 3.0 4.6
Room Temperature
Expanded Uncertainty with

K=2 6.0 9.1
Room Temperature

Temperature 1.9 1.9 Rectangular V3 1.1 1.1
Compensation
Combined Uncertainty

(RSS, 0to 50 °C) 3.2 4.7
Expanded Uncertainty

with K=2 6.3 9.5
(RSS, 0 to 50 °C)
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4-6 Uncertainty of a Measurement

Table 4-6. MA24105A Measurement Uncertainty Examples
Adjusted Adjusted
Uncertainty | Uncertainty Uncertainty | Uncertainty
at at Probability at +50 dBm | at +10 dBm
Uncertainty Term +50 dBm(%) | +10 dBm(%) | Distribution | Divisor (%) (%)
Measurement Uncertainty 3.8 3.8 Normal at 2 2 1.9 1.9
Noise 0.0 1.7 Normal at 2c 2 0.0 0.9
Zero Set 0.0 2.5 Rectangular V3 0.0 1.4
Zero Drift 0.0 2.3 Normal at 2c 2 0.0 1.3
Directivity Induced 0.6 0.6 Rectangular | 3 0.3 0.3
Uncertainty
Source Mismatch 14 14 Rectangular | 3 0.8 0.8
Uncertainty
Load Mismatch 3.7 3.7 Rectangular V3 2.1 2.1
Uncertainty
Effect of Digital Modulation 0 0 Rectangular \3 0 0
Combined Uncertainty
(RSS) 3.0 3.7
Room Temperature
Expanded Uncertainty with
K=2 6.0 7.3
Room Temperature
Temperature 19 1.9 Rectangular | 3 1.4 1.4
Compensation
Combined Uncertainty
(RSS, 0to 50 °C) 3.2 3.8
Expanded Uncertainty
with K=2 6.3 7.6

(RSS, 0 to 50 °C)

Table 4-7 shows another example measuring a pulse signal of +50 dBm at a repetition rate of 80 (s) with a duty

cycle of 8 %.

PowerXpert UG

PN: 10585-00020 Rev. V

www.tehencom.com



4-6 Uncertainty of a Measurement

Using the MA24103A/MA24105A

Table 4-7.

Uncertainty Example - Pulse Signal

PEP Uncertainty Components

Adjusted
Uncertainty at Uncertainty
+50 dBm Probability at +50 dBm
Power Sensor (%) Distribution Divisor (%)
Base Unc (Average Power Uncertainty) 6.3 Normal 2 3.2
Peak Circuit Contribution 7.3 Rectangular V3 4.2
Burst Repetition Rate 1.8 Rectangular V3 1.0
Burst Width 0.0 Rectangular \3 0.0
Burst Duty Cycle 0.1 Rectangular V3 0.1
PEP Measurement Uncertainty
Combined Uncertainty (%) 75
(Base Unc + RSS) '
Expanded Uncertainty (%) 15.0
with K=2 '
4-12 PN: 10585-00020 Rev. V PowerXpert UG
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4-7  Error Messages

Error messages are described in Table 4-8. The status LED will light amber when an error state occurs. In
most cases, the error condition can be easily corrected. If not, note the error message and contact an Anritsu
Service Center.

Table 4-8. Error Messages

Message Description Resolution

Zero invalid as temperature | The sensor’'s ambient temperature has changed | Perform the zero operation again.

changed by more than by more than 10 °C since the last zero

10 Degrees C operation.

Temperature out of The sensor is operating outside of its specified | Operate the sensor within its

operating range range of 0 °C to 55 °C. specified range.

Sensor zero failed This message box appears if the zero operation | Turn off the RF input to the sensor
is unsuccessful. The reason could be the or disconnect the sensor from the

presence of RF power at the input of the sensor. | RF source and try the zero
operation again.

ZERO_ERROR This message appears on the application Turn off the RF input to the sensor
screen if the zero operation is unsuccessful. The | or disconnect the sensor from the
reason could be the presence of RF power at RF source and try the zero

the input of the sensor. operation again.
ADC_TEMP_OVERRNGE | This message appears on the application Remove the sensor from the USB
screen if the sensor is being operated in connection and allow to cool to
extremely high temperatures and has the operating range of the sensor:
overheated. 0°Cto55°C
PowerXpert UG PN: 10585-00020 Rev. V 4-13
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Chapter 5 — Verifying MA24103A/MA24105A

Performance

5-1 Introduction

This chapter provides test procedures with measurement recording tables, test equipment setups, and
verification tables to verify the measurement accuracy of the MA24103A and MA24105A. Test and verification
is performed by comparing the sensor to a reference sensor with a specified cal factor and linearity
performance or uncertainty. The reference sensor should be calibrated by a reputable standards laboratory
using NIST instruments with low published measurement uncertainty values. Sensor test limits in these
procedures are set appropriately to the specified comparison equipment. All tests must be performed at an
ambient temperature of 20 °C to 25 °C to optimize the power sensor’s performance.

Note

Refer to the instrument Technical Data Sheet for performance specifications.

5-2

Table 5-1. Required Equipment

Required Equipment

Equipment Description

Manufacturer and Model

Critical Specifications

Vector Network Analyzer (Pretest)

Anritsu MS4642B
or equivalent

Reflection Coefficient
Uncertainty < 0.013, 25 MHz to 2 GHz
Uncertainty < 0.020, 2 GHz to 4 GHz

Synthesizer
(Cal. Factor and Linearity Tests)

Anritsu MG3692B
or equivalent

Output Power: > +20 dBm 25 MHz to 4 GHz
Output Power Setting Resolution: 0.01 dBm
Harmonics: < —40 dBc
Source VSWR < 2.00

Reference Power Meter
(Cal. Factor and Linearity Tests)

Anritsu ML2438A
or equivalent

Instrumentation Accuracy < 0.5 %

Reference Power Sensor
(Cal. Factor and Linearity Tests)

Anritsu MA24002A
or equivalent

NIST Calibration or equivalent

10 dB N Attenuator
(Linearity Test)

Aeroflex Model 1433

VSWR < 1.15, 25 MHz to 4 GHz, 250 W min.

10 dB K Attenuator
(Frequency Response and Linearity
Tests)

Anritsu 41KC-10

VSWR < 1.15, 25 MHz to 4 GHz, 2 W min.

Low Power 30 dB N Attenuator
(Linearity Tests)

42N50A-30

VSWR £1.2, 25 MHz to 4 GHz, 30 W min.

50 ohm Termination

Aeroflex Model 1433

VSWR < 1.15, 25 MHz to 4 GHz, 250 W min.

Adapter N(f) to K(f)
(Frequency Response and Linearity
Tests)

Anritsu 34ANF50, 34AS50,
34AN50, and 34ASF50

VSWR < 1.05, 25 MHz to 4 GHz

Power Coupler (MA24103A Werlatone C6934-10 25 MHz to 1.0 GHz, Coupling = 30 dB,
Linearity Test) 250 W min.

Power Coupler (MA24105A MITEQ CD2-522-30N 350 MHz to 4.0 GHz, Coupling = 30 dB,
Linearity Test) 250 W min.

Amplifier (Directivity, Frequency
Response and Linearity Tests)

Ophir 5163, 5125, 4010
Bonn BSA 0125-500

25 MHz to 4.0 GHz, 250 W min.
Harmonics/Spurious < —20 dBc

Personal Computer

Any

See Chapter 2
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5-3 VSWR Pretest Verifying MA24103A/MA24105A Performance

5-3 VSWR Pretest

The uncertainty of the VSWR test equipment will affect actual measurement values.

Test Procedure

Caution Do not apply power greater than the power sensor specifications or permanent damage may result.
Connect a fixed attenuator to the output connector when power exceeds +20 dBm.
. Before connecting the power sensor to a another device, read the “Instrument Care and
Caution . . ”
Preventive Maintenance” on page 1-3.

Using required equipment suggested in Table 5-1 on page 5-1, follow the manufacturer’s S;; (or return loss)
calibration procedure to perform calibration on a network analyzer. Connect the power sensor to the network
analyzer test port and measure power sensor input match. Typically, matches are measured in terms of return
loss in dB. Return loss and magnitude of the reflection coefficient conversion equations are as follows:

p = 10°RL/20
RL = —-20logp
where
RL = Return Loss in dB
p = Magnitude of the Reflection Coefficient
VSWR and magnitude of the reflection coefficient conversion equations are as follows:
VSWR=Q1+p)/(1-p)
p=(VSWR-1)/(VSWR + 1)
where
VSWR = Voltage Standing Wave Ratio
p = Magnitude of the Reflection Coefficient

Record the measured data to Table 5-2 in the Actual Measurement column. The Actual Measurement should
be smaller than the Maximum Reflection Coefficient. The Maximum Reflection Coefficient is the measurement
system uncertainty added to the sensor’s reflection coefficient specification. If the Actual Measurement
reflection coefficient is larger than the Maximum Reflection Coefficient, then the power sensor may be
defective. If the actual reflection coefficient is significantly larger than the maximum values in Table 5-2, then
the sensor is damaged and it is not necessary to perform further testing.

Table 5-2. Pretest Measurement Result

MS4642B Reflection Maximum Reflection
Frequency Coefficient Uncertainty Coefficient Actual Measurement
25 MHz to 3 GHz 0.013 0.033 + 0.013 = 0.046
3 GHz to 4 GHz 0.020 0.047 + 0.020 = 0.067
5-2 PN: 10585-00020 Rev. V PowerXpert UG
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Verifying MA24103A/MA24105A Performance 5-4 Directivity Test

5-4 Directivity Test

MA24103A and MA24105A directivity tests for how selective the sensor is when measuring power in a given
direction of travel and rejecting signals traveling in the opposite direction.

Test Procedure
The simplified equations below give the first order approximation of this parameter:
Directivity (dB) = Power Forward (dB) — Power Reverse (dB)
Directivity Coefficient = 10(Directivity (dB)/20)
Directivity (dB) = —20 x log(Directivity Coefficient)
Directivity (dB) = 10 x log(Power Forward / Power Reverse), where power is in watts.

In this test, the power sensor is tested first with power in the forward direction and then with power in the
reverse direction. See Figure 5-1 on page 5-4.

Both forward and reverse readings are taken from the Forward Average Power window on the

Note PowerXpert display as shown in Figure 5-2 on page 5-5.

The ratio of the two power readings are the directivity of the device assuming that both the termination and
source are perfect 50 ohm matches. Since the termination and source are not perfect matches, residual effects
from multiple reflections need to be accounted for by performing the following procedure.

1. Turn off the RF of the synthesizer. Connect the power amplifier to the synthesizer. Connect the output of
the amplifier to the input of the power sensor. Terminate the output of the power sensor with the
specified termination. See Figure 5-1.

2. With the RF off, zero the power sensor

3. Set the synthesizer to the first frequency in Table 5-3 or Table 5-4 on page 5-5 and to a very low power
setting and slowly increase the power until the power sensor displays +30 dBm. Allow the devices to
warm up for 30 minutes.

4. Turn off the RF of the synthesizer and zero the power sensor again.

5. Turn on the RF and adjust the synthesizer until the power sensor displays approximately +44 dBm.
Confirm that the reading is stable and record this value as Power Forward in Table 5-3 or Table 5-4.

6. Turn off the RF on the synthesizer.

7. Reverse the power sensor connections to the termination and the amplifier. Confirm that the power
sensor output is now connected to the amplifier and that the input is connected to the termination.
See Figure 5-1.

8. Turn on the RF. Change the power sensor averages if necessary to see a steady reading. Record the value
as Power Reverse in Table 5-3 or Table 5-4.

9. Calculate the Actual Directivity in dB by subtracting Power Reverse from Power Forward. If the power is in
watts, use the formula noted above to calculate the Actual Directivity in dB.

10. If the actual directivity is larger than the minimum allowable directivity in Table 5-3 or Table 5-4,
contact Anritsu customer service.

11. Repeat the steps above for the next frequency in Table 5-3 or Table 5-4.

PowerXpert UG PN: 10585-00020 Rev. V 5-3
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Index

Description

Synthesizer

2 Amplifier
3 RF In: N Type Connector (Torque connector at 12 Ibf-in [1.35 N-m])
4 MA24103A and MA24105A “Power Forward” Measurement
5 RF Out: N Type Connector (Torque connector at 12 Ibf-in [1.35 N-m])
6 50 ohm Termination
7 PC with Anritsu PowerXpert Application
8 MA24103A and MA24105A “Power Reverse” Measurement
9 50 ohm Termination
10 RF In
11 RF Out
Figure 5-1. Directivity Test Set Up for Power Forward and Power Reverse
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5-4 Directivity Test
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Figure 5-2. Forward and Reverse Power Reading Location
Table 5-3. MA24103A Directivity Test Measured Results
A B A-B Minimum
Reflective Maximum Power Power Actual Allowable
Frequency | Coefficient of | Directivity Forward Reverse Directivity Directivity
(GHz) Termination | Coefficient (dB) (dB) (dB) (dB)
0.025 0.071 0.040 19.1
0.100 0.071 0.040 19.1
0.200 0.071 0.040 19.1
0.400 0.071 0.040 19.1
0.600 0.071 0.040 19.1
0.800 0.071 0.040 19.1
1.000 0.071 0.040 19.1
Table 5-4. MA24105A Directivity Test Measured Results
A B A-B Minimum
Reflective Maximum Power Power Actual Allowable
Frequency | Coefficient of | Directivity Forward Reverse Directivity Directivity
(GHz) Termination | Coefficient (dB) (dB) (dB) (dB)
0.35 0.071 0.040 19.1
1.0 0.071 0.032 19.7
1.5 0.071 0.032 19.7
2.0 0.071 0.032 19.7
25 0.071 0.032 19.7
3.0 0.071 0.032 19.7
3.5 0.071 0.040 19.1
4.0 0.071 0.040 19.1

PowerXpert UG

PN: 10585-00020 Rev. V

www.tehencom.com

5-5



5-5 Frequency Response Test Verifying MA24103A/MA24105A Performance

5-5 Frequency Response Test

In this test the frequency response of the sensor is tested at one low power level against a reference sensor of
known measurement uncertainty. The reference sensor should be calibrated by a reputable standards
laboratory using instruments with low published measurement uncertainty values. To perform the
comparison, both sensors are used to measure the output power of a synthesizer with a high quality
attenuator, such as the 41KC-10, on 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

1. Set up the equipment as shown in Figure 5-3.

a.
b.

Connect the reference power sensor to the reference power meter using the appropriate cables.

Connect the USB cable between the personal computer with the PowerXpert application installed
and the power sensor under test.

Launch the PowerXpert application.

d. Turn the power on to all of the instruments and allow them to warm up for the amount of time

specified in their respective manuals.

e. Reset or Preset all of the instruments.

Configure the reference meter and sensor to measure a CW signal.

. Perform a sensor Zero and a 1 mW reference calibration on the reference sensor and meter per the

manufacturer’s instructions.

. Perform a low-level Zero of the power sensor by disconnecting the power sensor from the

synthesizer, clicking the Zero button on the PowerXpert application, and waiting for the Zeroing
message to close.

Connect the synthesizer to the amplifier input. Connect the attenuator to the amplifier output,
then connect the appropriate adapter to the output of the attenuator.

Set the synthesizer to 350 MHz and a very low power output.

5-6
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Index |Description

Synthesizer

Reference Power Meter

Reference Power Sensor

50 ohm Termination

PC with Anritsu PowerXpert Application

K to N Adapter

N| O O B W N

Attenuator

8 Amplifier

Figure 5-3. Frequency Response Test Set Up

2.

S O s W

Connect the reference sensor to the amplifier with the appropriate adapter and attenuator in-line.
See Figure 5-3.

. Apply the Cal factor to the reference sensor per the manufacturer’s instruction.
. Adjust the synthesizer power until the reference displays +15 dBm.
. Record the power indicated by the reference meter in Table 5-5 or Table 5-6 on page 5-8.

. Disconnect the reference sensor from the synthesizer output and connect the power sensor with the

appropriate adapter and attenuator in-line. See Figure 5-3.

. Apply the Cal factor to the power sensor by entering the frequency (in GHz) in the PowerXpert

application, and then click Apply above settings.

. Record the power indicated by the power sensor in Table 5-5 or Table 5-6.

9. Set the synthesizer frequency to the next frequency in Table 5-5 or Table 5-6.

10.

Repeat Step 2 through Step 9 until all of the frequencies in Table 5-5 or Table 5-6 have been measured.

PowerXpert UG PN: 10585-00020 Rev. V 5-7
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Verifying MA24103A/MA24105A Performance

11. For each row in Table 5-5 or Table 5-6, calculate the absolute value of the difference between the recorded
Reference power measurement and the recorded MA2410xA measurement, and record the result in

Table 5-5 or Table 5-6.

12. For each frequency, compare the power difference to the maximum allowed difference specified in
Table 5-5 or Table 5-6. If the difference is higher than the maximum allowed difference, contact Anritsu

customer service.

Table 5-5. MA24103A Test Measurement Results
A B |A-B|
Absolute Value of
Reference Power MA24103A, Difference in Power | Maximum Allowed
Frequency Measurement Measurement Measurements Difference
(GHz) (dBm) (dBm) (dB) (dB)
0.025 0.33
0.100 0.33
0.200 0.33
0.400 0.33
0.600 0.33
0.800 0.33
1.000 0.33
Table 5-6. MA24105A Test Measurement Results
A B |A-B|
Absolute Value of
Reference Power MA24105A Difference in Power | Maximum Allowed
Frequency Measurement Measurement Measurements Difference
(GHz) (dBm) (dBm) (dB) (dB)
0.35 0.33
1.0 0.33
1.5 0.33
2.0 0.33
2.5 0.36
3.0 0.36
3.5 0.37
4.0 0.37
5-8 PN: 10585-00020 Rev. V PowerXpert UG
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5-6 Linearity Test

The linearity correction of the MA24103A and MA24105A is compared to a thermal power sensor, which has
very good inherent linearity over a power range of about —20 dBm to +10 dBm. For this reason, the

power sensor will be compared to the thermal sensor in two ranges, keeping the power levels to the thermal
sensor in the range of —17 dBm to +5 dBm, while the power to the power sensor will vary from about —26 dBm
to about +14 dBm.

Test Procedure

1. Set up the equipment as follows (refer to Figure 5-4 for an illustration):

a.
b.

Connect the reference power sensor to the reference power meter using the appropriate cables.

Connect the USB cable between the personal computer with the PowerXpert application installed
and the power sensor under test.

Launch the PowerXpert application.

d. Turn the power on to all of the instruments and allow them to warm up for the amount of time

specified in the instrument’s respective manuals.
Reset or Preset all of the instruments.
Configure the reference meter and sensor to measure a CW signal.

Perform a sensor Zero and a 1 mW reference calibration on the reference sensor and meter per the
manufacturer’s instructions.

. Perform a low-level Zero of the power sensor by disconnecting the sensor from the synthesizer,

click the Zero button in the PowerXpert application, and wait for the Zeroing message to close.

Connect the power coupler to the output of the synthesizer and connect the 10 dB K attenuator
using an adapter to the coupler’s coupling output.

Connect the low power 30 dB N attenuator to the other coupling output.

. Connect the reference sensor to the 10 dB K attenuator using an adapter.

Connect the power sensor to the output of the coupler.

. Set the synthesizer to 25 MHz for the MA24103A or 350 MHz for the MA24105A and a very low

power level.

Increase averaging by entering “16” in the PowerXpert application, and then click Apply above
settings.

PowerXpert UG PN: 10585-00020 Rev. V 5-9
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Index |Description

—_

Synthesizer

Reference Power Meter
Reference Power Sensor
K to N Adapter

10 dB Attenuator N Type
K to N Adapter

Power Coupler

50 ohm Termination

PC with Anritsu PowerXpert Application
30 dB N Attenuator
Amplifier

O| O N| O O B W DN

_—] -
= O

Figure 5-4. Linearity Test Setup 1

Do

. Apply the Cal factor to the reference sensor per the manufacturer’s procedure.

3. Apply the Cal factor to the power sensor by entering the frequency (in GHz) in the PowerXpert
application, and then click Apply above settings.

4. Turn Off the synthesizer’s RF output and perform a low-level Zero of both the reference sensor and the
inline power sensor.

(%)

. Turn On the synthesizer’s RF output.

=7

. Adjust the synthesizer’s power until the power sensor is reading approximately +45 dBm.

. Record data for the first 20 dB range as follows:

N

a. Record the power reading by the reference meter in Table 5-7.

5-10 PN: 10585-00020 Rev. V PowerXpert UG
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Verifying MA24103A/MA24105A Performance 5-6 Linearity Test

b. Record the power reading by the power sensor in Table 5-7.

c. Reduce synthesizer power by 5 dB. The Amplifier output and the power sensor should be about
+40 dBm.

d. Record the reference meter and the power sensor power sensor readings in Table 5-7.

e. Repeat the measurement for amplifier output levels of +35 dBm, +30 dBm, and +25 dBm. The
power measured at +25 dBm will be used in Step 8e,

8. Set up the test for the second 20 dB range as follows:

a. Remove the 10 dB K attenuator from in between the reference sensor and coupler, then connect
the reference sensor directly to the coupler’s coupling port.

b. Remove the power sensor from the coupler and connect the 10 dB N attenuator between the
coupler and the power sensor. See Figure 5-5.

c. Turn off the synthesizer RF output and perform a low-level Zero of both the Reference sensor and
the power sensor.

d. Turn on the synthesizer RF output.
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Index |Description

1 Synthesizer

Reference Power Meter

Reference Power Sensor

Power Coupler

10 dB N Attenuator

50 ohm Termination

PC with Anritsu PowerXpert Application
30 dB N Attenuator

9 Amplifier

O N O O B W DN

Figure 5-5. Linearity Test Setup 2
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Verifying MA24103A/MA24105A Performance

e. Set the amplifier output level to approximately 5 dB higher and then adjust the output level until
the power sensor reads as close as possible to the value obtained in Step 7e.

9. Record data for the next 20 dB range:

a. Read and record the power indicated by the reference meter in Table 5-7.

b. Lower the output power level of the amplifier by 5 dB. The amplifier output should be about
+30 dBm and the power sensor should be about +20 dBm.

c. Record the reference meter and the power sensor readings in Table 5-7.

d. Repeat the measurement for amplifier output levels of +25, +20, and +15 dBm.

Table 5-7. Measurement Results (25 MHz for MA24103A or 350 MHz for MA24105A)
Approx. A B= C=(A+B) D E = (C-D)
Output Attenuation Reference (A6 — A5) Corrected MA24103A,
Power of the | in Reference Power Reference Power | Attenuation MA24105A Difference
Row Amplifier Arm Measurement | Correction Measurement in Test Arm | Measurement Calculation
# (dBm) (dB) (dBm) (dB) (dB) (dB) (dBm) (dB)
1 45 10 0
2 40 10 0
3 35 10 0
4 30 10 0
5 25 10 0
6 adjust per 0 0 10
Step 8e
7 30 0 0 10
8 25 0 0 10
9 20 0 0 10
10 15 0 0 10
11 Max:
12 Min:
13 Delta (E11 — E12):

10. Perform the calculations and operational check as follows:

a. Subtract the Reference Power Measurement of row 5 from the Reference Power Measurement of
row 6. Record this value in the Correction column of rows 1 through 5.

Note

The Correction column of rows 1 through 5 should all have the same value.
The Correction column of rows 6 through 10 have values of 0.

b. Add the Reference Power Measurement and Correction values of row 1 and record the result in the
Corrected Reference Power Measurement column of row 1.

c. Repeat Step 10b for rows 2 through 10.

d. Subtract the power sensor Measurement of row 1 from the Corrected Reference Power Measurement
of row 1 and record the result in the Difference Calculation column of row 1.

e. Repeat Step 10d for rows 2 through 10.

f. Find the largest (most positive) value in the Difference Calculation column and record this value

next to the word Max in row 11.

g. Find the smallest (least positive or most negative) value in the Difference Calculation column and
record this value next to the word Min in row 12.

5-12
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5-6 Linearity Test

h. Subtract the Min value from Step 10g from the Max value from Step 10f and record the result next
to the word Delta in row 13.

i. The Delta result should be less than 0.3 dB. If it is larger, contact Anritsu customer service.

11. For the MA24105A, repeat the entire measurement and calculations with synthesizer frequency settings
of 500 MHz and 1 GHz for the MA24103A or 2 GHz and 4 GHz for the MA24105A.

Table 5-8. Measurement Results (500 MHz for MA24103A or 2 GHz for MA24105A)
A B C D c-D
Approx. = (A6-Ab5) = (A+B)
Output Attenuation Reference Corrected MA24103A,
Power of the | in Reference Power Reference Power | Attenuation MA24105A Difference
Row Amplifier Arm Measurement | Correction Measurement in Test Arm | Measurement Calculation

# (dBm) (dB) (dBm) (dB) (dB) (dB) (dBm) (dB)
1 45 10 0

2 40 10 0

3 35 10 0

4 30 10 0

5 25 10 0

6 adjust per 0 0 10

Step 8e

7 30 0 0 10

8 25 0 0 10

9 20 0 0 10

10 15 0 0 10

11 Max:

12 Min:

13 Delta (E11 — E12):

PowerXpert UG

PN: 10585-00020 Rev. V

www.tehencom.com

5-13



5-6 Linearity Test

Verifying MA24103A/MA24105A Performance

Table 5-9. Measurement Results (1 GHz for MA24103A or 4 GHz for MA24105A)
A B C D E
Approx. = (A6-A5) = (A+B) = (C-D)
Output Attenuation Reference Corrected MA24103A,
Power of the | inReference Power Reference Power | Attenuation MA24105A Difference
Row Amplifier Arm Measurement | Correction Measurement in Test Arm | Measurement Calculation

# (dBm) (dB) (dBm) (dB) (dB) (dB) (dBm) (dB)

1 45 10 0

2 40 10 0

3 35 10 0

4 30 10 0

5 25 10 0

6 | adjust per 0 0 10

Step 8e

7 30 0 0 10

8 25 0 0 10

9 20 0 0 10

10 15 0 0 10

11 Max:

12 Min:

13 Delta (E11 — E12):
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Chapter 6 — Using the MA24106A

6-1 Introduction

This chapter describes using the MA24106A USB power sensor and the PowerXpert PC buttons and menus
described in Chapter 3, “Using USB Power Sensors with PowerXpert”. If an Anritsu series handheld
instrument is being used with the power sensor, refer to the user documentation that came with the handheld
instrument for procedures on operating external power sensors.

6-2 Sensor Connector Overview

The MA24106A power sensor connectors are shown in Figure 6-1.

Index |Description
1 RF Input: N Type Connector (Torque connector at 12 Ibf-in [1.35 N-m])
2-color LED (reports functional status of the sensor)
2 Green: Sensor ON, Status OK
Amber: Error or Programming Condition
3 USB Mini-B Port (for connection with a PC or Anritsu handheld instrument)

Figure 6-1. MA24106A Sensor Connector Overview

6-3 Basic Power Measurement

This section provides steps and information to make basic power measurements with the MA24106A power
sensor and PowerXpert.

The supplied USB cable with the screw-in connector should be securely fastened to the sensor to

Caution avoid damage to the mini-USB connector.

To perform a power measurement:
1. Connect the sensor to a computer as shown in Figure 6-2.
2. Open the Anritsu PowerXpert application.

3. Zero the sensor as described below in “Zeroing the Sensor” on page 6-2.

PowerXpert UG PN: 10585-00020 Rev. V 6-1
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6-3 Basic Power Measurement Using the MA24106A

Caution Do not apply power greater than the power sensor specifications or permanent damage may result.
Connect a fixed attenuator to the output connector when power exceeds +20 dBm.
. Before connecting the power sensor to a another device, read the “Instrument Care and
Caution . . )
Preventive Maintenance” on page 1-3.

“s10dem

Optional
Attenuator

---E H j_:--- )

Figure 6-2. Measurement Setup

4. Connect the power sensor to an RF source.

5. Read the power measurement from the Anritsu PowerXpert application window (power readings are
continuous with the default setting).

Connecting the DUT

When connecting to the Type N connector of the MA24106A to a Type N female connector, observe the
following proper practice for tightening the connection:

1. While holding the body of the sensor in one hand, turn the Type N Male connector nut to finger tighten
the connection. Do not turn the body of the MA24106A as this will cause excessive wear to the connector.

2. Back off the connection by turning the connector nut counter clockwise % turn.

3. Tighten the connection (clockwise) using a 12 in-lb torque wrench (Anritsu part number: 01-200).

The Sensor has a USB 2.0 interface with a USB Type Mini-B port. The MA24106A can be remotely
Note programmed over this USB interface. In addition to programming, the MA24106A is powered by the
USB. The interface is USB 2.0 compatible, but with an interface speed of 12 Mbps.

Zeroing the Sensor

Zero the sensor before making power measurements, particularly when operating within the lower 20 dB
dynamic range of the power sensor. If frequent low-level measurements are being made, check the sensor
zeroing often and repeat as necessary. Before zeroing the sensor, connect the sensor 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. For the MA24106A power sensor, this level is less than —60 dBm. 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 or disconnected from any
signal source.

To zero the sensor, click the Zero button on the application. If the sensor fails the zeroing operation, the
message box states “Sensor zero failed” and “ZERO_ERROR” will be displayed on the application screen until
the problem is corrected. If RF is detected, a reminder message will pop up asking to remove the RF source.

6-2 PN: 10585-00020 Rev. V PowerXpert UG
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Using the MA24106A 6-4 Measurement Factors

Calibrating the Sensor

The signal channel/analog signal acquisition hardware is integrated along with the RF front end of the power
sensor. All of the necessary frequency and temperature corrections take place within the sensor. Therefore,
there is no need for a reference calibration (at 50 MHz and 1 mW) with the MA24106A.

Applying a Calibration Factor Correction

The MA24106A power sensor has an internal EEPROM containing correction and calibration factors that were
programmed into the sensor at the factory. The power sensor has an internal temperature sensor that reports
its readings periodically to the microprocessor. The sensor makes all of the required calculations on the
measurement once the measurement frequency has been entered by the user.

6-4 Measurement Factors

The following measurement factors may apply.

Time Varying Signals
Case 1: Modulated signals with pulse or pattern repetition times <1 ms (PRF > 1 kHz)

If you obtain a steady power reading of a modulated signal (no significant fluctuations of the displayed power)
with no averaging, then it is likely that the pulse or pattern repetition rate is greater than 1 kHz. In this case,
most of the averaging of the envelope power is performed in the front end of the sensor (before being digitized).
When this is the case, the MA24106A will provide an accurate indication of the average power with no special
considerations.

Case 2: Modulated signals with pulse or pattern repetition times between 1 ms and 50 ms
(100 Hz < PRF <1 kHz)

In this case, the signal is varying too slowly to be averaged in the front end of the sensor, so averaging must be
performed after digitalization by increasing the averaging number in the power meter application (or
calculating the average of several measurements if controlling the sensor over the bus). A large amount of
averaging must be used for some pulse/pattern repetition frequencies to get a steady reading. If Low Aperture
Time (LAT) mode is selected, the maximum recommended pulse repetition time is about 10 ms. If High
Aperture Time (HAT) mode is selected, signals with pulse repetition periods as long as 50 ms can usually be
measured.

Case 3: Modulated signals with pulse or pattern repetition times greater than 50 ms

In this case, it can be difficult to get an accurate average power reading even by averaging many readings. The
sample rate of the sensor and the pulse repetition rate of the signal may be close enough that they can “beat”
together resulting in low frequency modulation of the power indication. If averages are not calculated over
many of these beats, or an integer number of beats, errors can result. This is not unique to the MA24106A and
can be an issue with any power sensor/meter and any sampled data system.

PowerXpert UG PN: 10585-00020 Rev. V 6-3
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6-4 Measurement Factors Using the MA24106A

High Crest Factor Signals (peak to average ratio)

High crest factor signals such as PAPR as high as 10dB. To ensure the most accurate power measurement, the
average power of the signal should not exceed +20dBm. For example the peak power of the signal should not
exceed +30dBm if its PAPR i1s 10dB. A sensor’s linearity graph of a WCDMA (TestModel_5_8HSPDSCH) signal
with PAPR of 10 dB is shown below:

2GHz WCDMA Linearity
TestModel_5_8HSPDSCH
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Figure 6-3. Sensor Linearity Graph

Multitone Signals

The MA24106A is a True-RMS sensor that can measure very wide bandwidth modulation without much
restriction. The only limitation is the frequency flatness of the sensor. Because the sensor’s sensitivity is not
identical for all frequencies and when measuring multitone signals, the frequency entered into the sensor’s
application should be the average frequency of all significant tones. The MA24106A has an error of 0.01 dB for
every 100 MHz bandwidth at frequencies below 3 GHz, and an error of 0.03 dB for every 100 MHz bandwidth
at frequencies above 3 GHz.

For example, a dual tone signal of 2.0 GHz and 2.2 GHz may have an additional measurement error of 0.02 dB
(0.01 dB x 2) when the application frequency is set to 2.1 GHz.
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Using the MA24106A 6-5 Optimizing the Readings

Noise and Averaging

To achieve a required reading resolution, particularly at low power levels, averaging is often needed to reduce
noise and steady the displayed power reading. Use the noise vs. resolution table in Table 6-1 and Table 6-2

on page 6-6 to determine the number of averages that will typically be required for a given resolution.
Alternatively, determine the number of averages through calculation by using the noise specifications and the
fact that noise will be proportional to the square root of N, where N is the number of averages.

For example, a CW tone at —30 dBm is to be measured to 0.01 dB resolution. Using the table in the sensor
manual, the required number of averages is 38 averages using High Aperture Time mode (the same
measurement would require more than 256 averages in Low Aperture Time mode).

Settling Time

The MA24106A samples power continuously every 70 ms in the Low Aperture Time (LAT) mode and 700 ms in
the High Aperture Time (HAT) mode. The sensor’s front end and digitizer settles completely to a step change in
power in this amount of time. However, there is no way to synchronize the sensor’s sampling to any other
event, such as a power step or bus request for a measurement. Therefore, the first measurement requested
from the sensor after a power step may not be fully settled. To ensure a fully settled measurement when
operating the sensor over the bus, wait 70 ms (700 ms if in HAT) after a power step before requesting the
measurement from the sensor. Alternatively, request two measurements from the sensor and discard the first.

If averaging is required as described above, settling time increases by N X sample period, where N is the
number of averages and the sample period is the time is milliseconds. The measurement sample period is

70 ms for LAT and 700 ms for HAT. When operating the sensor over the bus, request N+1 measurements from
the sensor, discard the first, and then average the subsequent readings. The settling time is approximately
(N+1) x sample period.

6-5 Optimizing the Readings

This section presents information on how to get the fastest readings from the MA24106A power sensor when
using the Anritsu PowerXpert application or operating under remote control (refer to Chapter 16 for specific
remote programming command descriptions). Measurement speed depends greatly on the type of
measurement, the power level, and stability of the signal. Stability of a measurement is influenced by noise
and signal modulation. If high resolution is required, averaging must be increased.

Note The values in the following tables are typical and should be used as a reference only.

PowerXpert UG PN: 10585-00020 Rev. V 6-5
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Using the MA24106A

Table 6-1 describes the number of averages needed to attain a certain noise level for a particular power level
measurement with the Low Aperture Time mode setting.

Table 6-1. MA24106A Averaging Table (Low Aperture Time, Default Mode)
Number of Number of Number of Number of Number of
Averages Averages Averages Averages Averages
Needed for Needed for Needed for Needed for Needed for
Input Power | Input Power <10.20 dB <10.15dB <10.10 dB <10.05 dB <10.01 dB
(dBm) (mW) Noise Noise Noise Noise Noise
20 100 1 1 1 1 1
15 31.6 1 1 1 1 1
10 10.0 1 1 1 1 1
5 3.16 1 1 1 1 2
0 1.00 1 1 1 4 16
-5 0.316 1 1 1 20 78
-10 0.100 1 1 1 1 1
-15 0.0316 1 1 1 1 1
-20 0.0100 1 1 1 1 7
-25 0.00316 1 1 1 3 61
-30 0.00100 2 3 7 25 -
-35 0.000316 16 28 62 245 -
—40 0.000100 158 - - - -

Table 6-2, describes the number of averages needed to attain a certain noise level for a particular power level
measurement with the High Aperture Time mode setting.

Table 6-2. MA24106A Averaging Table (High Aperture Time)
Number of Number of Number of Number of Number of
Averages Averages Averages Averages Averages
Needed for Needed for Needed for Needed for Needed for
Input Power | Input Power <10.20 dB <10.15dB <10.10 dB <10.05dB <10.01 dB
(dBm) (mW) Noise Noise Noise Noise Noise
20 100 1 1 1 1 1
15 31.6 1 1 1 1 1
10 10.0 1 1 1 1 1
5 3.16 1 1 1 1 1
0 1.00 1 1 1 1 1
-5 0.316 1 1 1 2 5
-10 0.100 1 1 1 1 1
-15 0.0316 1 1 1 1 1
-20 0.0100 1 1 1 1 1
-25 0.00316 1 1 1 1 4
-30 0.00100 1 1 1 2 38
-35 0.000316 1 2 4 16 -
—40 0.000100 10 18 39 153 -
6-6 PN: 10585-00020 Rev. V PowerXpert UG
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6-6

Uncertainty of a Measurement

Measurement Uncertainty Calculator

Included at the Anritsu download center is a Microsoft Excel tool for calculating power uncertainty. It contains
two tabs; one that provides measurement uncertainty for each sensor (selectable from a drop-down menu), and
another tab that provides additional uncertainty components and calculated values for the power sensor.

https://www.anritsu.com/en-us/test-measurement/support/downloads/software/dwl003263
Uncertainty Components

Power measurements have many component parts that affect overall measurement uncertainty when
measuring power with the sensor:

Sensor Linearity and Temperature Compensation: Sensor Linearity and Temperature
Compensation describe the relative power level response over the dynamic range of the sensor.
Temperature Compensation should be considered when operating the sensor at other than room
temperature.

Noise, Zero Set, and Zero Drift: These are factors within the sensor that impact measurement
accuracy at the bottom of the power sensor’s dynamic range.

Mismatch Uncertainty: Mismatch uncertainty is typically the largest component of measurement
uncertainty. The error is caused by differing impedances between the power sensor and the device to
which the power sensor is connected. Mismatch uncertainty can be calculated as follows:

% Mismatch Uncertainty = 100[|1 + [';Tg2 — 1]

dB Mismatch Uncertainty = 10log|1 + ;17|

where

I'; and I'y are the reflection coefficients of the power sensor and the device under test

Sensor Calibration Factor Uncertainty: Sensor Calibration Factor Uncertainty is defined as the
accuracy of the sensor calibrated at a standard calibration condition. Anritsu follows the industry
standard condition of calibration at a reference power of 0 dBm (1 mW) and an ambient temperature of
25 °C.

PowerXpert UG PN: 10585-00020 Rev. V 6-7
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Using the MA24106A

Uncertainty Example

Two measurement uncertainty calculations for Low Aperture Time mode are shown for the MA24106A in
Table 6-3. The MA24106A is used to measure the power of a 3 GHz, +12.0 dBm and —35 dBm CW signal from a
signal source with 1.5:1 VSWR. The example is based on 128 measurement averages.

Table 6-3. Measurement Uncertainty Example
Uncertainty | Uncertainty Adjusted Adjusted
Specification | Specification Uncertainty | Uncertainty
Uncertainty at +12dBm | at-35dBm Probability at +12 dBm | at -35 dBm

Term (%) (%) Distribution Divisor (%) (%)
Sensor Linearity

(<+18 dBm) 3.0 3.0 Rectangular \3 1.8 1.8

Noise 0.0 0.8 Normal at 2 2 0.0 04

Zero Set 0.0 3.2 Rectangular V3 0.0 1.8

Zero Drift 0.0 0.9 Normal at 2 2 0.0 0.6

Calibration Factor 14 1.4 Normal at 26 2 0.7 0.7
Uncertainty
Mismatch

Uncertainty 4.0 4.0 Rectangular V3 2.3 2.3
Combined
Uncertainty

(RSS), Room 3.0 3.6
Temperature
Expanded
Uncertainty with

K=2, Room 6.0 7.2
Temperature

Temperature 14 14 Rectangular 3 0.8 0.8
Compensation
Combined

Uncertainty 3.1 3.7
(RSS, 0 to 50 °C)
Expanded
Uncertainty

with K=2 6.2 7.4

(RSS, 0 to 50 °C)

Table 6-4. Noise Measurement Uncertainty Calculations

Noise Calculations at 12 dBm (16 mW):

Noise

400 nW/16 mW = 0.0 %

Zero Set

1700 nW/16 mW = 0.0 %

Zero Drift

500 nW/16 mW = 0.0 %

Noise Calculations at

-35 dBm (316 nW):

Noise | 2.5 nW/316 nW = 0.8 %
Zero Set | 10 nW/316 nW =3.2 %
Zero Drift | 3 nW/316 nW =0.9 %

6-8
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6-7 Error Messages

6-7 Error Messages

Error messages are described in Table 6-5. The status LED will illuminate amber color when an error state
occurs. In most cases, the error condition can be easily corrected. If not, note the error message and contact an

Anritsu Service Center.

Table 6-5. Error Messages

Message

Description

Resolution

Zero invalid as temperature
changed by more than
10 Degrees C

The sensor’'s ambient temperature has changed
by more than 10 °C since the last zero
operation.

Perform the zero operation again.

Temperature out of
operating range

Operating range of the sensor is 0 °C to 55 °C.

Re-examine the ambient
conditions.

Sensor zero failed

This message box appears if the zero operation
is unsuccessful. The reason could be the

presence of RF power at the input of the sensor.

Turn off the RF input to the sensor
or disconnect the sensor from the
RF source and try the zero
operation again.

ZERO_ERROR

This message appears on the application
screen if the zero operation is unsuccessful. The
reason could be the presence of RF power at
the input of the sensor.

Turn off the RF input to the sensor
or disconnect the sensor from the
RF source and try the zero
operation again.

ADC_TEMP_OVERRNGE

This message appears on the application
screen if the sensor is being operated in
extremely high temperatures and has
overheated.

Remove the sensor from the USB
connection and allow to cool to
the operating range of the sensor:
0°Cto55°C

PowerXpert UG

PN: 10585-00020 Rev. V
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Chapter 7 — Verifying MA24106A

Performance

7-1 Introduction

This chapter provides test procedures with measurement recording tables, test equipment setups, and
verification tables to verify the measurement accuracy of the MA24106A USB power sensors. Test and
verification is performed by comparing the sensor to a reference sensor with a specified cal factor and linearity

performance or uncertainty. The reference sensor should be calibrated by a reputable standards laboratory

using NIST instruments with low published measurement uncertainty values. Sensor test limits in these
procedures are set appropriately to the specified comparison equipment. All tests must be performed at an
ambient temperature of 20 °C to 25 °C to optimize the power sensor’s performance.

Note

Refer to the instrument Technical Data Sheet for performance specifications.

7-2

Table 7-1. Required Equipment

Required Equipment

Equipment Description

Manufacturer and
Model

Critical Specifications

Vector Network Analyzer (I?’retest)

Anritsu MS4642B
or equivalent

Reflection Coefficient
Uncertainty <0.013, 10 MHz to 2 GHz
Uncertainty <0.020, 2 GHz to 6 GHz

Synthesizer
(Cal. Factor and Linearity Tests)

Anritsu MG3692C
or equivalent

Output Power: >+18 dBm, 50 MHz to 6 GHz
Output Power Setting Resolution: 0.01 dBm
Harmonics: <-40 dBc
Source VSWR £ 2.00

Reference Power Meter
(Cal. Factor and Linearity Tests)

Anritsu ML2438
or equivalent

Instrumentation Accuracy < 0.5 %

Reference Power Sensor
(Cal. Factor and Linearity Tests)

Anritsu MA24002A
or equivalent

NIST Calibration or equivalent

10 dB K Attenuator
(Linearity Test)

Anritsu 41KC-10

VSWR < 1.15, 10 MHz to 6 GHz

6 dB K Attenuator
(Cal. Factor Test)

Anritsu 41KC-6

VSWR < 1.15, 10 MHz to 6 GHz

Adapter N(f) to K(f)
(Cal. Factor and Linearity Tests)

Anritsu 34ANF50 and
34AS50

VSWR < 1.05, 10 MHz to 6 GHz

Power Splitter
(Linearity Tests)

Anritsu K241B

Effective Output VSWR < 1.45, 10 MHz to 6 GHz

Personal Computer

Any

See Chapter 2

PowerXpert UG

PN: 10585-00020 Rev. V
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7-3 VSWR Pretest Verifying MA24106A Performance

7-3 VSWR Pretest

The uncertainty of the VSWR test equipment will affect actual measurement values.

Test Procedure

Do not apply power greater than the power sensor specifications or permanent damage may result.

Caution Connect a fixed attenuator to the output connector when power exceeds +20 dBm.

Before connecting the power sensor to a another device, read the “Instrument Care and

Caution 1 entive Maintenance” on page 1-3.

Using required equipment suggested in Table 7-1 on page 7-1, follow the manufacturer’s S;; (or return loss)
calibration procedure to perform calibration on a network analyzer. Connect the power sensor to the network
analyzer test port and measure power sensor input match. Typically, matches are measured in terms of return
loss in dB. Return loss and magnitude of the reflection coefficient conversion equations are as follows:

p = 10°RL/20
RL = —-20logp
where
RL = Return Loss in dB
p = Magnitude of the Reflection Coefficient
VSWR and magnitude of the reflection coefficient conversion equations are as follows:
VSWR=Q1+p)/(1-p)
p=(VSWR-1)/(VSWR + 1)
where
VSWR = Voltage Standing Wave Ratio
p = Magnitude of the Reflection Coefficient

Record the measured data into Table 7-2 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 sensor’s reflection coefficient specification. If the Actual
Measurement reflection coefficient is larger than the Maximum Reflection Coefficient, then the power sensor
may be defective. If the actual reflection coefficient is significantly larger than the maximum values in

Table 7-2, then the sensor is damaged and it is not necessary to perform further testing.

Table 7-2. Pretest Measurement Result

MS4642B Reflection Maximum Reflection
Frequency Coefficient Uncertainty Coefficient Actual Measurement
50 MHz to 2 GHz 0.013 0.050 + 0.013 = 0.063
2 GHz to 6 GHz 0.020 0.100 + 0.020 = 0.120
7-2 PN: 10585-00020 Rev. V PowerXpert UG
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Verifying MA24106A Performance 7-4 Frequency Response Test

7-4 Frequency Response Test

In this test, the frequency response of the sensor is tested at one low power level against a reference sensor of
known measurement uncertainty. The reference sensor should be calibrated by a reputable standards
laboratory using instruments with low published measurement uncertainty values. To perform the
comparison, both sensors are used to measure the output power of a synthesizer with a high quality
attenuator, such as the 41KC-6, on 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
1. Set up the equipment as follows (refer to Figure 7-1 for an illustration):
a. Connect the reference power sensor to the reference power meter using the appropriate cables.

b. Connect the MA24106A USB cable between the personal computer with the PowerXpert
application installed and the MA24106A power sensor under test.

c. Launch the PowerXpert application.

d. Turn the power on to all of the instruments and allow them to warm up for the amount of time
specified in their respective manuals.

e. Reset or Preset all of the instruments.
Configure the reference meter and sensor to measure a CW signal.

g. Perform a sensor Zero and a 1 mW reference calibration on the reference sensor and meter per the
manufacturer’s instructions.

h. Perform a low-level Zero of the MA24106A by disconnecting the MA24106A from the synthesizer,
clicking the Zero button on the PowerXpert GUI, and waiting for the Zeroing message to close.

i. Connect the attenuator to the output of the synthesizer, then connect the appropriate adapter to
the output of the attenuator.

j. Set the synthesizer to +6 dBm and 50 MHz.

) MA24106A

| IO T

Index |Description
1 Reference Power Meter
2 Reference Power Sensor
3 PC with Anritsu PowerXpert Application
4 K to N Adapter
5 Attenuator
6 Synthesizer

Figure 7-1. Cal Factor Test Set Up

PowerXpert UG PN: 10585-00020 Rev. V 7-3
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Frequency Response Test Verifying MA24106A Performance

. Connect the reference sensor to the synthesizer with the appropriate adapter and attenuator in-line. See

Figure 7-1.

3. Apply the Cal factor to the reference sensor per the manufacturer’s instruction.

4. Record the power indicated by the reference meter in Table 7-3.

5. Disconnect the reference sensor from the synthesizer output and connect the MA24106A power sensor

with the appropriate adapter and attenuator in-line. See Figure 7-1.

. Apply the Cal factor to the MA24106A by entering the frequency (in GHz) in the PowerXpert application,

and then click Apply above settings.

7. Record the power indicated by the MA24106A in Table 7-3.
8. Set the synthesizer frequency to the next frequency in Table 7-3.

9. Repeat Step 2 through Step 8 until all of the frequencies in Table 7-3 have been measured.

10.

11.

For each row in Table 7-3, calculate the absolute value of the difference between the recorded Reference
power measurement and the recorded MA24106A measurement, and record the result in Table 7-3.

For each frequency, compare the power difference to the maximum allowed difference specified in
Table 7-3. If the difference is higher than the maximum allowed difference, contact Anritsu customer
service.

Table 7-3. Test Measurement Results

A B |A-B|
Absolute Value of
Reference Power MA24106A Difference in Power | Maximum Allowed
Frequency Measurement Measurement Measurements Difference
(GHz) (dBm) (dBm) (dB) (dB)
0.05 0.26
0.1 0.26
0.3 0.26
0.5 0.26
1.0 0.26
2.0 0.31
3.0 0.31
4.0 0.31
5.0 0.33
6.0 0.33
7-4 PN: 10585-00020 Rev. V PowerXpert UG
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7-5 Linearity Test

The linearity correction of the MA24106A is compared to a thermal power sensor, which has very good
inherent linearity over a power range of about —20 to +10 dBm. For this reason, the MA24106A will be
compared to the thermal sensor in two ranges, keeping the power levels to the thermal sensor in the range of —
17 dBm to +5 dBm, while the power to the MA24106A will vary from about —26 dBm to about +14 dBm.

Test Procedure

1. Set up the equipment as follows (refer to Figure 7-2 for an illustration):

a.
b.

Connect the reference power sensor to the reference power meter using the appropriate cables.

Connect the USB cable between the personal computer with the PowerXpert application installed
and the MA24106A power sensor under test.

Launch the PowerXpert application.

d. Turn the power on to all of the instruments and allow them to warm up for the amount of time

specified in the instrument’s respective manuals.

e. Reset or Preset all of the instruments.

—

B B

Configure the reference meter and sensor to measure a CW signal.

Perform a sensor Zero and a 1 mW reference calibration on the reference sensor and meter per the
manufacturer’s instructions.

. Perform a low-level Zero of the MA24106A by disconnecting the sensor from the synthesizer, click

the Zero button in the PowerXpert application, and wait for the Zeroing message to close.

Connect the power splitter to the output of the synthesizer and connect the 10 dB attenuator to
one of the splitter outputs.

Connect an N(f) to K adapter to each power sensor.
Connect the reference sensor and adapter to the 10 dB attenuator.
Connect the MA24106A and adapter to the other splitter output.

. Set the synthesizer to 50 MHz and +20 dBm.

Increase averaging by entering “16” in the PowerXpert application, and then click Apply above
settings.

PowerXpert UG PN: 10585-00020 Rev. V 7-5
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MA24106A

Index Description
1 Reference Power Meter
2 Reference Power Sensor
3 K to N Adapter (if required)
4 Attenuator
5 Power Splitter
6 K to N Adapter (if required)
7 PC with Anritsu PowerXpert Application
8 Synthesizer

Figure 7-2. Linearity Test Setup 1

2. Apply the Cal factor to the reference sensor per the manufacturer’s procedure.

3. Apply the Cal factor to the MA24106A by entering the frequency (in GHz) in the PowerXpert application,
and then click Apply above settings.

4. Turn Off the synthesizer’s RF output and perform a low-level Zero of both the Reference sensor and the
MA24106A.

5. Turn On the synthesizer’s RF output.
6. Record data for the first 20 dB range as follows:

a.
b. Record the power reading by the MA24106A in Table 7-4.
c.
d

®

Record the power reading by the reference meter in Table 7-4 on page 7-8.

Set the synthesizer power to +15 dBm.

. Record the reference meter and the MA24106A power sensor readings in Table 7-4.

Repeat the measurement for synthesizer output levels of +10, +5, and 0 dBm.

7-6
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Note The MA24106A power measured at 0 dBm will be used in Step 7e, below.

7. Set up the test for the second 20 dB range as follows:

a. Remove the 10 dB attenuator from in between the reference sensor and splitter and connect the
reference sensor directly to the splitter.

b. Remove the MA24106A from the splitter and connect the 10 dB attenuator between the splitter
and the MA24106A power sensor (see Figure 7-3).

c. Turn Off the synthesizer’s RF output and perform a low-level Zero of both the Reference sensor
and the MA24106A.

d. Turn On the synthesizer’s RF output.

Anritsu

~ 510dBm

MA24106A

Index |Description

1 Reference Power Meter

Reference Power Sensor

K to N Adapter (if required)

Power Spilitter

Attenuator

K to N Adapter (if required)

PC with Anritsu PowerXpert Application
8 Synthesizer

N O O A W N

Figure 7-3. Linearity Test Setup 2
e. Set the synthesizer output level to +10 dBm and then adjust it until the sensor/meter under test
reads as close as possible to the value obtained above in Step 6e.
8. Record data for the next 20 dB range

a. Read and record the power indicated by the reference meter in Table 7-4.

PowerXpert UG PN: 10585-00020 Rev. V 7-7
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Verifying MA24106A Performance

b. Lower the output power level of the synthesizer to +5 dBm.
c. Record the reference meter and the MA24106A power sensor readings in Table 7-4.

d. Repeat the measurement for synthesizer output levels of 0, —5, and —10 dBm.

Table 7-4. Measurement Results (50 MHz)

A B Cc D E
= (A6-A5) = (A+B) =(C-D)
Synthesizer | Attenuation Reference Corrected
Power Level | in Reference Power Reference Power | Attenuation MA24106A Difference
Row Setting Arm Measurement | Correction Measurement in Test Arm | Measurement Calculation

# (dBm) (dB) (dBm) (dB) (dB) (dB) (dBm) (dB)

1 +20 10 0

2 +15 10 0

3 +10 10 0

4 +5 10 0

5 0 10 0

6 adjust per 0 0 10

Step 7e

7 +5 0 0 10

8 0 0 0 10

9 -5 0 0 10
10 -10 0 0 10

11 Max:

12 Min:

13 Delta (E11 — E12):

9. Perform the calculations and operation check as follows:

a. Subtract the Reference Power Measurement of row 5 from the Reference Power Measurement of

row 6. Record this value in the Correction column of rows 1 through 5.

The Correction column of rows 1 through 5 should all have the same value.

Note The Correction column of rows 6 through 10 have values of 0.

b. Add the Reference Power Measurement and Correction values of row 1 and record the result in the

Corrected Reference Power Measurement column of row 1.

c. Repeat Step 9b for rows 2 through 10.

d. Subtract the MA24106A Measurement of row 1 from the Corrected Reference Power Measurement

of row 1 and record the result in the Difference Calculation column of row 1.

e. Repeat Step 9d for rows 2 through 10.

f. Find the largest (most positive) value in the Difference Calculation column and record this value

next to the word Max in row 11.

g. Find the smallest (least positive or most negative) value in the Difference Calculation column and

record this value next to the word Min in row 12.

h. Subtract the Min value from Step 9g from the Max value from Step 9f and record the result next to

the word Delta in row 13.

i. The Delta result should be less than 0.3 dB. If it is larger, contact Anritsu customer service.

7-8 PN: 10585-00020 Rev. V
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7-5 Linearity Test

10. Repeat the entire measurement and calculations with synthesizer frequency settings of 2 GHz, 4 GHz,

and 6 GHz.
Table 7-5. Measurement Results (2 GHz)
A B C D Cc-D
= (A6-A5) = (A+B)
Synthesizer | Attenuation Reference Corrected
Power Level | in Reference Power Reference Power | Attenuation MA24106A Difference
Row Setting Arm Measurement | Correction Measurement in Test Arm | Measurement Calculation
# (dBm) (dB) (dBm) (dB) (dB) (dB) (dBm) (dB)
1 +20 10 0
2 +15 10 0
3 +10 10 0
4 +5 10 0
5 0 10 0
6 | adjust per 0 0 10
Step 7e
7 +5 0 0 10
8 0 0 0 10
9 -5 0 0 10
10 -10 0 0 10
11 Max:
12 Min:
13 Delta (E11 — E12):
Table 7-6. Measurement Results (4 GHz)
A B C D E
= (A6-A5) = (A+B) =(C-D)
Synthesizer | Attenuation Reference Corrected
Power Level | in Reference Power Reference Power | Attenuation MA24106A Difference
Row Setting Arm Measurement | Correction Measurement in Test Arm | Measurement Calculation
# (dBm) (dB) (dBm) (dB) (dB) (dB) (dBm) (dB)
1 +20 10 0
2 +15 10 0
3 +10 10 0
4 +5 10 0
5 0 10 0
6 adjust per 0 0 10
Step 7e
7 +5 0 0 10
8 0 0 0 10
9 -5 0 0 10
10 -10 0 0 10
11 Max:
12 Min:
13 Delta (E11 — E12):

PowerXpert UG
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Table 7-7. Measurement Results (6 GHz)
A B Cc D E
= (A6-Ab5) = (A+B) =(C-D)
Synthesizer | Attenuation Reference Corrected
Power Level | in Reference Power Reference Power | Attenuation MA24106A Difference
Row Setting Arm Measurement | Correction Measurement in Test Arm | Measurement Calculation

# (dBm) (dB) (dBm) (dB) (dB) (dB) (dBm) (dB)

1 +20 10 0

2 +15 10 0

3 +10 10 0

4 +5 10 0

5 0 10 0

6 | adjust per 0 0 10

Step 7e

7 +5 0 0 10

8 0 0 0 10

9 -5 0 0 10

10 -10 0 0 10

11 Max:

12 Min:

13 Delta (E11 — E12):
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Chapter 8 — Using the MA24x08A,
MA24x18A, and MA24126A

8-1 Introduction

This chapter describes using the MA24108A, MA24118A, and MA24126A USB power sensors with the Anritsu
PowerXpert PC application buttons and menus described in Chapter 3, “Using USB Power Sensors with
PowerXpert”. If an Anritsu series handheld instrument is being used with the power sensor, refer to the user
documentation that came with the handheld instrument for procedures on operating external power sensors.

8-2 Sensor Connector Overview
The MA24x08A, MA24x18A, and MA24126A power sensor connectors are shown in Figure 8-1

MA24108A, MA24118A

MA24126A
Index |Description
MA24108A, MA24118A, MA24126A
1 (MA24108A, MA24118A): RF Input: N Type Connector (Torque connector at 12 Ibf-in [1.35 N-m])
(MA24126A) RF Input K Type Connector (Torque connector at 8 Ibf-in [0.90 N-m])
2-color LED (reports functional status of the sensor)
2 Green: Sensor ON, Status OK
Amber: Error or Programming Condition
3 USB Micro-B Port (for connection with a PC or Anritsu handheld instrument)
4 External Trigger Input (TTL/CMOS)
Figure 8-1. MA24108A, MA24118A, MA24126A Sensor Connectors Overview
PowerXpert UG PN: 10585-00020 Rev. V 8-1
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8-2 Sensor Connector Overview Using the MA24x08A, MA24x18A, and MA24126A

The MA24208A and MA24218A power sensor is shown in the figure below.

CAUTION: Thencomeckr o 135 -
Tuig snso by may damage

MA24208A, MA24218A

Index |Description

MA24208A, MA24218A
(MA24208A, MA24218A) RF Input: N Type Connector (Torque connector at 12 Ibf-in [1.35 N-m])
RF Input: N

LED Solid Green: Sensor ON, Status OK
Blinks Green: Error or Programming Condition

3 Trigger Out (For Future Use)

4 USB Micro-B Port (for connection with a PC or Anritsu handheld instrument)
5 External Trigger Input (TTL/CMOS)
Figure 8-2. MA242x8A Series, Side View and Rear Connection View
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Using the MA24x08A, MA24x18A, and MA24126A 8-3 Basic Power Measurement

8-3 Basic Power Measurement

This section provides steps and information to make basic power measurements with the MA24108A,
MA24118A, and MA24126A power sensor and PowerXpert. To perform a power measurement:

1. Connect the sensor to a computer as shown in Figure 8-3.
2. Open the Anritsu PowerXpert application.

3. Zero the sensor as described below in “Zeroing the Sensor”.

Do not apply power greater than the power sensor specifications or permanent damage may result.

Caution Connect a fixed attenuator to the output connector when power exceeds +20 dBm.

Before connecting the power sensor to a another device, read the “Instrument Care and

Caution Preventive Maintenance” on page 1-3.

e & £

-39.36 dBm

Optional
Attenuator

|

: ?"-i-":- Emmmm

-
R S Ll

[

Figure 8-3. Measurement Setup

4. Connect the RF source to the RF IN port of the power sensor. 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 sensor, observe the following practice for tightening the connection:

1. While holding the body of the sensor in one hand, turn the male connector nut to finger tighten the
connection. Do not turn the body of the sensor 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 12 in-1b torque wrench (Anritsu part number: 01-200).

Zeroing the Sensor

Zero the sensor before making power measurements. If frequent low-level measurements are being made,
check the sensor zeroing often and repeat as necessary. If the sensor goes into sleep mode, the sensor must be
re-zeroed before taking 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. For
the MA24108A, MA24118A, MA24126A, MA24208A, and MA24218A this level is less than —70 dBm. 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 or
disconnected from any signal source.

To zero the sensor MA241xxA series power sensor, click the Zero button on the application. If the sensor fails
the zeroing operation, the messages “Range 1 zeroing error’ and/or “Range 2 zeroing error” is displayed on the
application screen until the problem is corrected.
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8-4 Measurement Factors Using the MA24x08A, MA24x18A, and MA24126A

To zero the sensor MA242x8A series power sensor, click the Zero button on the application. If the sensor fails
the zeroing operation, remove power from the sensor and Zero again.

Calibrating the Sensor

The signal channel/analog signal acquisition hardware is integrated along with the RF front end of the power
sensor. All calibration factors, as well as linearity and temperature corrections, are stored in the sensor.
Therefore, there is no need for a reference calibration with the sensor.

Applying a Calibration Factor Correction

The power sensor has an internal EEPROM containing correction and calibration factors that were
programmed into the sensor at the factory. The power sensor has an internal temperature sensor that reports
its readings periodically to the microprocessor. The sensor makes all of the required calculations on the
measurement once the measurement frequency has been entered in the “General Settings” area.

8-4 Measurement Factors

The following measurement factors may apply.

High Crest Factor Signals (peak to average ratio)

High crest factor signals, such as CDMA/WCDMA, may have PAPR (Peak-to-Average Power Ratio) as high as
10dB. To ensure the most accurate power measurement, the average power of the signal should not exceed
+20dBm. For example the peak power of the signal should not exceed +30dBm if its PAPR is 10dB.

A MA241xxA series sensor’s linearity graph of a WCDMA (TestModel_5_8HSPDSCH) signal with 10 dB PAPR
is shown below:

2GHz WCDMA Linearity
TestModel_5_8HSPDSCH

07
\ 0.6
0.5
0.4 -
0.3
0.2

—
0.1 A A/
o—e0o00S9g AN

T TS~ g o °
-30 -20 -10 040 10 20

-0.2 4
-0.3
-0.4
-0.5 1
-0.6 -

07
U7

Input Power (dBm)

<5

Variance (dB)

Figure 8-4. Sensor Linearity Graph
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Using the MA24x08A, MA24x18A, and MA24126A 8-4 Measurement Factors

Multitone Signals

The sensor is a True-RMS sensor that can measure very wide bandwidth modulation without much restriction.
The only limitation is the frequency flatness of the sensor. Because the sensor’s sensitivity is not identical for
all frequencies and when measuring multitone signals, the frequency entered into the sensor’s application
should be the average frequency of all significant tones. The sensor has an additional uncertainty of 0.05 dB for
every 1 GHz tone separation when measuring multitone signals.

For example, a dual tone signal of 2 GHz and 4 GHz may have an additional measurement error of 0.1 dB
(0.05 dB x 2) when the application frequency is set to 3 GHz.

Advanced Features / Enhanced Modulation

Enhanced Modulation is available with the MA242x8A sensors only. Enhanced modulation can be enabled
under Tools/Advanced Features menu. It is recommended to measure pulse modulated signal with period
shorter than 30 ps and crest factor up to 10 dB. The user can also examine the signal in Scope mode set to one
sample per point with and without Enhanced modulation, and choose the setting that yields a better defined
waveform.

The enhanced modulation has a different algorithm to compute the final power reading based on sampled
voltages, and is available in all the modes supported. The crossover power between ranges are set 3 dB lower in
enhanced modulation to allow for the modulated signal.

Noise and Averaging

To achieve a required reading resolution, particularly at low power levels, averaging is often needed to reduce
noise and steady the displayed power reading. Use the noise vs. resolution table in Table 8-1 and Table 8-2

on page 8-9 to determine the number of averages that will typically be required for a given resolution.
Alternatively, determine the number of averages through calculation by using the noise specifications and the
fact that noise will be inversely proportional to the square root of N, where N is the number of averages. For
example, a CW tone at —25 dBm 1s to be measured to 0.05 dB resolution. Using Table 8-2 the required number
of averages is 2 averages. The same measurement to 0.01 dB resolution would require 31 averages.

Average Value of Time Varying Signals

When measuring the average power of a time varying or modulated signal with a modulation bandwidth (BW)
which is much greater than the signal channel of the sensor, averaging of the power is performed in the sensor
hardware (detectors and or preamplifiers). For the case of the MA24x08A, MA24x18A and MA24126A; the
signal channel BW is 50 kHz. Signals modulated at MHz rates will be averaged in the hardware and no special
considerations are required.

When measuring signals with modulation frequency components near, or below, the signal channel bandwidth,
average power readings may be seen to fluctuate over time. This fluctuation may be reduced through careful
selection of the aperture time and averaging number. Ideally, the aperture time should be chosen to be an
integer multiple of the modulation frequency. If this can be done, then the average power reading will be stable
for each measurement update. For modulations with multiple frequencies present, or with significant
modulation components with periods longer than the maximum aperture time (300 ms for MA24108A,
MA24118A, MA24126A and 1 s for MA242x8A), averaging will have to be increased to obtain a stable reading.
If the measurement update rate is very close to the period of the modulation, a low frequency “beat note” can
result. If the frequencies are very close, the beat note can be very low in frequency, and therefore require very
long averaging times to remove. In this case it is suggested that the aperture time be changed to result in a
higher frequency beat which is easier to average out.

PowerXpert UG PN: 10585-00020 Rev. V 8-5

www.tehencom.com



8-4 Measurement Factors Using the MA24x08A, MA24x18A, and MA24126A

Settling Time

The signal channel bandwidth of the MA241xxA series and MA242x8A series power sensor supports a rise
time of about 8 ps. The ADC sample period is approximately 7.6 ps. Thus it will take more than one ADC
sample for the signal channel hardware to completely settle in response to a step change in input power. The
hardware settling time for the MA241xxA series power sensor can be estimated by assuming a single pole

response with 50 kHz bandwidth:
SP
Settlingtime = —| 7 xIn| —
100

0.35
r=——
(50e—23)
SP = Desired Settling %

where:

= T7e —6 seconds

For small settling percentages, it is quite likely that the noise per ADC sample will be larger than the desired
settling percentage, thus averaging or decimation of ADC samples will have to be used to reduce the noise.
Averaging will, of course, increase the settling time of the measurement in direct proportion to the averaging
number used.

It is important to note that the settling time described above strictly applies only to increasing power steps
(rise time). Settling to decreasing power steps is typically slower. For settling decreasing power steps to

1 % or 0.1 %, the settling will typically be within a factor of 2 or 3 of the calculation above. Settling

to 0.01 % or less may take considerably longer.

Noise and Time Resolution in Scope Mode

In Scope mode (and in all other modes), the MA24x08A, MA24x18A and MA24126A is sampling at full speed,
which is approximately once every 7 pus. When the period chosen for Scope mode exceeds the number of data
points times this period, then multiple ADC samples are averaged to form each data point. Therefore there is a
trade-off between time resolution (many data points) and trace noise. To minimize trace noise, choose less data
points. Of course for recurrent waveforms, trace averaging can always be used to reduce trace noise if a large
number of points is desired. This would however tend to increase the over-all measurement time.

Optimizing Internal Triggering

Sometimes it can be difficult to obtain consistent triggering in scope or Time Slot mode. Here are some points
to consider when choosing triggering parameters:

e It is more difficult to trigger on signals which are slowly varying with time. Noise in the signal channel
can result in false triggers. In this case, try setting the trigger level at powers away from the bottoms of
the measurement ranges. The trigger crossover power for the MA24103A, MA24105A, MA24106A,
MA24108A, MA24118A, and MA24126A is about +2 dBm. Thus it can be advantageous to avoid setting
the trigger at powers just above +2 dBm, and powers just above —20 dBm where the trigger signal is
noisy. The trigger crossover power for the MA24208A and MA24218A is about +4 dBm. Thus it can be
advantageous to avoid setting the trigger at powers just above +4 dBm, and powers just above —16 dBm
where the trigger signal is noisy.

e Modulated signals can appear “noisy” and also result in false triggers. In this case, adjusting the trigger
level may not help. Sometimes there may be a portion of the signal with less modulation, or less
“noise-like” modulation which can be triggered on with more success. Try using a different trigger point
and adjusting the trigger delay to shift the waveform in time to see the desired section.

e False triggers due to either noise or noise-like modulation can be reduced by increasing the trigger noise
immunity parameter for the MA24108A, MA24118A, and MA24126A and invoking hysteresis for the
MA242x8A. Using noise immunity will result in a slight positive trigger delay, but this can be made up
for by introducing a negative trigger delay with the trigger delay parameter.
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Using the MA24x08A, MA24x18A, and MA24126A 8-5 Optimizing the Readings

e The trigger settings should always be optimized before trace averaging is applied. If trace averaging is
used when the trigger is not stabilized, the displayed waveform will not be an accurate representation of
the signal. First optimize the trigger, then apply trace averaging.

Noise Floor in Scope Mode

The noise level or “floor” displayed in scope or Time Slot mode in PowerXpert when using low averaging may
seem to be higher than what would be expected. This is due to the way noise is dealt with when converting
power into dBm for display. With no input power, the values of the ADC samples vary about some value which
corresponds to zero power. Ideally there are equal number of samples above and below this value. The samples
which are below this value correspond to “negative” power. This is non-physical, and does not truly mean there
is negative power flow to the sensor, it is simply a by product of noise in the signal channel. If these samples
are displayed in linear power units such as mW, then the noise floor will be as expected. However there is a
problem when converting to logarithmic units such as dB. Because taking the logarithm of negative numbers is
not generally allowed, the absolute value of the samples is usually taken before taking the logarithm. This has
the drawback of increasing the average value of the samples, artificially increasing the apparent noise floor.
When the averaging is increased, the noise floor will go down. The apparent noise floor can be estimated using:

NF = 0.8 x noise
where:
NF = the average linear power or noise floor due to taking absolute value of power samples

noise = the noise power in linear units on a 1 sigma basis

8-5 Optimizing the Readings

This section presents information on how to get the fastest readings from the power sensor when using the
Anritsu PowerXpert application or operating under remote control (refer to Chapter 16 for specific remote
programming command descriptions). Measurement speed depends greatly on the type of measurement, the
power level, and stability of the signal. Stability of a measurement is influenced by noise and signal
modulation. If high resolution is required, averaging must be increased.

Table 8-1 on page 8-8 describes the number of averages needed for the MA241xxA sensors to attain a certain
noise level for a particular power level measurement.

Table 8-2 on page 8-9 describes the number of averages needed for the MA242x8A sensors to attain a certain
noise level for a particular power level measurement.
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Using the MA24x08A, MA24x18A, and MA24126A

Note The values in the following table are typical and should be used as reference only.
Table 8-1. MA24108A, MA24118A, MA24126A Sensor Averaging Table (continuous mode, default settings,
20 ms aperture time)
Number of Number of Number of Number of Number of
Averages Averages Averages Averages Averages
Needed for Needed for Needed for Needed for Needed for
Input Power | Input Power <10.20 dB <10.15dB <10.10 dB <10.05dB <10.01 dB
(dBm) (mW) Noise Noise Noise Noise Noise
20 100.000 1 1 1 1 1
15 31.623 1 1 1 1 1
10 10.000 1 1 1 1 1
5 3.162 1 1 1 1 2
0 1.000 1 1 1 1 13
-5 3.162E-01 1 1 2 5 121
-10 1.000E-01 1 1 1 1 1
-15 3.162E-02 1 1 1 1 1
-20 1.000E-02 1 1 1 1 4
-25 3.162E-03 1 1 1 2 31
-30 1.000E-03 1 2 4 13 303
-35 3.162E-04 8 14 31 123 3025
—40 1.000E-04 79 139 309 1222 30248

Noise Calculations:

20dBm > Power > —7dBm

-3 i 1/2
tnoise(dB) = l()log[l—( 8 x 10 )(ZOXPOZI’IZS) }

IO(Power/IO) Time x N

—40dBm < Power < —7dBm

-6 i\ 1/2
tnoise(dB) = lOlog[l —( 40 x 10 )(20 xPoznts) }

10(P0wer/10) Time x N

where:

Continuous Average Mode: Scope Mode:

Power = Power level being measured in dBm
Points =1

Time = Aperture time in milliseconds

N = Number of averages

Power = Power level being measured in dBm

Points = The number of data points on the scope graph
Time = Capture time in milliseconds

N = Number of averages
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8-5 Optimizing the Readings

Note The values in the following table are typical and should be used as a reference only.
Table 8-2. MAZ242x8A Sensor Averaging Table (continuous mode, default settings, 20 ms aperture time)
Number of Number of Number of Number of Number of
Averages Averages Averages Averages Averages
Needed for Needed for Needed for Needed for Needed for
Input Power | Input Power <+0.20 dB <+0.15dB <+0.10 dB <+0.05dB <10.01 dB
(dBm) (mW) Noise Noise Noise Noise Noise
20 100.000 1 1 1 1 1
15 31.623 1 1 1 1 1
10 10.000 1 1 1 1 1
5 3.162 1 1 1 1 8
0 1.000 1 1 1 1 1
-5 3.162E-01 1 1 1 1 1
-10 1.000E-01 1 1 1 1 1
-15 3.162E-02 1 1 1 1 10
=20 1.000E-02 1 1 1 1 1
-25 3.162E-03 1 1 1 1 1
-30 1.000E-03 1 1 1 1 2
-35 3.162E-04 1 1 1 1 15
—40 1.000E-04 1 1 2 6 147
—45 3.162E-05 4 7 15 60 1465
-50 1.000E-05 39 68 150 592 14644
-55 3.162E-06 383 673 1495 5912 146437
-60 1.000E-06 3824 6721 14950 59116 1464363
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8-5 Optimizing the Readings Using the MA24x08A, MA24x18A, and MA24126A

Noise Calculations:

2 sigma noise

20dBm > Power > 4dBm

: 8.56 x 104) (10240 X Points) 172
=+ = _
noise(dB) IOIOg[l (IO(POWW”O) Time x N }
2 sigma noise
4dBm > Power > —16dBm
“noise(dB) = 1010 [1 - ( 1.01 x 10—5)(10240 x Points) I/ZJ
g 10(P0wer/10) Time x N

2 sigma noise

—16dBm > Power > —60dBm

_ . 1/2
Lnoise(dB) = 1010g[1 _(1023 x 10 (10240 XPOZ?ZZ‘S) }

IO(Power/IO) Time x N
where:
Continuous Average Mode: Scope Mode:
Power = Power level being measured in dBm Power = Power level being measured in dBm
Points =1 Points = The number of data points on the scope graph
Time = Aperture time in milliseconds Time = Capture time in milliseconds
N = Number of averages N = Number of averages
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Using the MA24x08A, MA24x18A, and MA24126A 8-6 Uncertainty of a Measurement

8-6  Uncertainty of a Measurement

Measurement Uncertainty Calculator

Included at the Anritsu download center is a Microsoft Excel tool for calculating power uncertainty. It contains
two tabs; one that provides measurement uncertainty for each sensor (selectable from a drop-down menu), and
another tab that provides additional uncertainty components and calculated values for the power sensor.

https://www.anritsu.com/en-us/test-measurement/support/downloads/software/dwl003263
Uncertainty Components

Power measurements have many component parts that affect overall measurement uncertainty when
measuring power with the sensor:

¢ Measurement Uncertainty: Measurement uncertainty includes the uncertainty associated with the
correction of frequency and the linearity response of the sensor over the entire dynamic range. Anritsu
follows the industry standard condition of calibrating the power-sensing element at a reference power of
0 dBm (1 mW) and an ambient temperature of 25 °C.

e Temperature Compensation: Sensor Temperature Compensation describes the relative power level
response over the dynamic range of the sensor. Temperature Compensation should be considered when
operating the sensor at other than room temperature.

* Noise, Zero Set, and Zero Drift: These are factors within the sensor that impact measurement
accuracy at the bottom of the power sensor’s dynamic range.

e Mismatch Uncertainty: Mismatch uncertainty is typically the largest component of measurement
uncertainty. The error is caused by the differing impedances between the power sensor and the devices
to which the power sensor is connected. Mismatch uncertainty can be calculated as follows:

% Mismatch Uncertainty = 100[|1 + [';Tg|2 — 1]

dB Mismatch Uncertainty = 20log|1 + 1y
where:

I'; is the reflection coefficient of the power sensor

I'5 is the reflection coefficient of the device

Uncertainty examples are shown in Table 8-3 on page 8-12 and Table 8-4 on page 8-13.
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Using the MA24x08A, MA24x18A, and MA24126A

Uncertainty Examples

Two measurement uncertainty calculations are shown for the MA24108A and MA24118A sensors in Table 8-3.
The power sensor is used to measure the power of a 3 GHz, +12.0 dBm and —35 dBm CW signal from a signal
source with a 1.5:1 VSWR. The example is based on an aperture time of 20 ms and 64 measurement averages.

Table 8-3. MA24108A and MA24118A Measurement Uncertainty Example
Uncertainty | Uncertainty Adjusted Adjusted
Specification | Specification Uncertainty | Uncertainty
Uncertainty at+12dBm | at-35dBm Probability at +12 dBm | at -35 dBm

Term (%) (%) Distribution Divisor (%) (%)
Sensor Linearity

(<+18 dBm) 3.0 3.0 Rectangular V3 1.7 1.7

Noise 0.0 1.6 Normal at 2 2 0.0 0.8

Zero Set 0.0 3.2 Rectangular V3 0.0 1.8

Zero Drift 0.0 0.9 Normal at 2 2 0.0 0.6

Calibration Factor 15 15 Normal at 26 2 0.8 0.8
Uncertainty
Mismatch

Uncertainty 4.0 4.0 Rectangular V3 2.3 2.3
Combined
Uncertainty

(RSS), Room 3.0 3.6
Temperature
Expanded
Uncertainty with

K=2, Room 6.0 7.3
Temperature

Temperature 14 14 Rectangular 3 0.8 0.8
Compensation
Combined

Uncertainty 3.1 3.6
(RSS, 0 to 50 °C)
Expanded
Uncertainty

with K=2 6.2 7.5

(RSS, 0 to 50 °C)
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Using the MA24x08A, MA24x18A, and MA24126A 8-6 Uncertainty of a Measurement

Two measurement uncertainty calculations are shown for the MA24126A sensor in Table 8-4. The power
sensor is used to measure the power of a 3 GHz, +12.0 dBm and —35 dBm CW signal from a signal source with
a 1.5:1 VSWR. The example is based on an aperture time of 20 ms and 64 measurement averages.

Table 8-4. MA24126A Measurement Uncertainty Example

Uncertainty | Uncertainty Adjusted Adjusted
Specification | Specification Uncertainty | Uncertainty
Uncertainty at +12 dBm at -35 dBm Probability at +12 dBm | at —35 dBm

Term (%) (%) Distribution Divisor (%) (%)
Sensor Linearity

(<+18 dBm) 3.0 3.0 Rectangular V3 1.7 1.7

Noise 0.0 1.6 Normal at 2 2 0.0 0.8

Zero Set 0.0 3.2 Rectangular \3 0.0 1.8

Zero Drift 0.0 0.9 Normal at 2 2 0.0 0.6

Calibration Factor 25 25 Normal at 26 2 1.25 1.25
Uncertainty
Mismatch

Uncertainty 4.0 4.0 Rectangular \3 2.3 2.3
Combined
Uncertainty

(RSS), Room 3.2 38
Temperature
Expanded
Uncertainty with

K=2, Room 6.3 7.6
Temperature

Temperature 14 14 Rectangular \3 0.8 0.8
Compensation
Combined

Uncertainty 3.3 3.9
(RSS, 0 to 50 °C)
Expanded
Uncertainty

with K=2 6.5 7.7
(RSS, 0 to 50 °C)
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Table 8-5. Noise Measurement Uncertainty Calculations for the MA24108A, MA24118A, MA24126A

Noise Calculations at 12 dBm (16 mW):

1 uW/16 mW = 0.0 %
Zero Set | 1 uyW/16 mW = 0.0 %
Zero Drift | 0.5 uyW/16 mW = 0.0 %

Noise Calculations at —35 dBm (316 nW):

5nW/316 nW =1.6 %

10 nW/316 n\W =3.2 %

3 nW/316 nW =0.9 %

Noise

Noise
Zero Set
Zero Drift

Two measurement uncertainty calculations are shown for the MA242x8A sensor in Table 8-6. The power
sensor is used to measure the power of a 3 GHz, +12.0 dBm and —35 dBm CW signal from a signal source with
a 1.5:1 VSWR. The example is based on an aperture time of 20 ms and 64 measurement averages.

Table 8-6. MA24208A and MA24218A Measurement Uncertainty Example
Uncertainty | Uncertainty Adjusted Adjusted
Specification | Specification Uncertainty | Uncertainty
at+12dBm | at-35dBm Probability at +12 dBm | at —-35 dBm
Uncertainty Term (%) (%) Distribution Divisor (%) (%)
Ca“b';;r;i‘f;r'%i{‘o‘i 2.33 3.16 Normal at 2 2 1.16 1.58
Noise 0.02 0.1 Normal at 2 2 0.01 0.05
Zero Set 0.01 0.11 Rectangular \3 0.00 0.06
Zero Drrift 0.01 0.1 Normal at 2 2 0.00 0.05
Mismatch 4 4 Rectangular \3 2.31 2.31
Combined
Uncertainty (RSS), 2.59 2.80
20°Cto 30 °C
Expanded
Uncertainty with 5.18 5.60
K=2,20°Cto 30 °C
Table 8-7. Noise Measurement Uncertainty Calculations for the MA24208A and MA24218A senors
Noise Calculations at 12 dBm (16 mW):
Noise | 2.41 yW/15.85 mW = 0.01%
Zero Set | 1.07 pyW/15.85 mW = 0.01%
Zero Drift | 1 yW/15.85 mW = 0.01%
Noise Calculations at —35 dBm (316.2 nW):
Noise | 0.346 nW/316.2 nW = 0.11%
Zero Set | 0.332 nW/316.2 nW = 0.11%
Zero Drift | 0.343 nW/316.2 nW = 0.11%
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8-7 Error Messages

8-7

Error Messages

Error messages are described in Table 8-8 for the MA241xxA power sensor. The status LED will illuminate
amber color for MA241xxA models when an error state occurs. The status LED for MA242x8A models will
blink green when an error state occurs. In most cases, the error condition can be easily corrected. If the error
condition cannot be corrected, note the error message and contact an Anritsu Service Center.

Table 8-8.

MA241xxA Error Messages

Message

Description

Resolution

Temp change > 10 °C

The sensor’'s ambient temperature has changed
by more than 10 °C since the last zero
operation.

Perform the zero operation again.

Temperature over range

The sensor is operating outside of its specified
range of 0 °C to 55 °C.

Operate the sensor within its
specified range.

Range 1 zero failure
or
Range 2 zero failure

This message appears if the zero operation is
unsuccessful. The reason could be the

presence of RF power at the input of the sensor.

Turn off the RF input to the sensor
or disconnect the sensor from the
RF source and try the zero
operation again.

Range 1 over range

This message appears on the application
screen if excess power is applied to the sensor.

Reduce the input power to the
sensor to within acceptable limits
(< 20 dBm).

Error messages are described in Table 8-9 for the MA241xxA power sensor.

Table 8-9.

MA242x8A Error Messages

Message

Description

Resolution

"Temp Change > 10 °C
after Last Zero, Zero Again"

The sensor’'s ambient temperature has changed
by more than 10 °C since the last zero
operation.

Perform the zero operation again.

Temp Out of Range

The sensor is operating outside of its specified
range of 0 °C to 50 °C.

Operate the sensor within its
specified range.

Remove Power from
Sensor, Zero Again

This message appears if the zero operation is
unsuccessful. The reason could be the

presence of RF power at the input of the sensor.

Turn off the RF input to the sensor
or disconnect the sensor from the
RF source and try the zero
operation again.

REDUCE POWER, Max
Power Exceeded

This message appears on the application
screen if excess power is applied to the sensor.

Reduce the input power to the
sensor to within acceptable limits
(<20 dBm).
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Chapter 9 — Verifying MA241xxA, MA242x8A

Performance

9-1 Introduction

This chapter provides test procedures with measurement recording tables, test equipment setups, and
verification tables to verify the measurement accuracy of the MA241xxA and MA242x8A USB power sensors.

Test and verification is performed by comparing the sensor to a reference sensor with a specified cal factor and
linearity performance or uncertainty. The reference sensor should be calibrated by a reputable standards
laboratory using NIST instruments with low published measurement uncertainty values. Sensor test limits in
these procedures are set appropriately to the specified comparison equipment. All tests must be performed at

an ambient temperature of 20 °C to 25 °C to optimize the power sensor’s performance.

Note Refer to the instrument Technical Data Sheet for performance specifications.

9-2 Required Equipment

Table 9-1.

Required Equipment for MA24108A, MA24118A, MA24126A

Equipment Description

Manufacturer and Model

Critical Specifications

Vector Network Analyzer
(Pretest)

Anritsu 37369D
Anritsu MS4642B or

MS4644B (for MA24126A)

or equivalent

Reflection Coefficient

Uncertainty < 0.013, 10 MHz to 2 GHz
Uncertainty < 0.020, 2 GHz to 18 GHz
Uncertainty < 0.025, 18 GHz to 26 GHz

Synthesizer
(Freq Response and Linearity
Tests)

Anritsu MG3693C
or equivalent

Output Power: > +10 dBm, 50 MHz to 26 GHz
Output Power Setting Resolution: 0.01 dBm
Harmonics: <—40 dBc

Source VSWR < 2.00

Reference Power Meter
(Freq Response and Linearity
Tests)

Anritsu ML2438A
or equivalent

Instrumentation Accuracy < 0.5 %

Reference Power Sensor
(Freq Response and Linearity
Tests)

Anritsu MA24002A
or equivalent, or
Anritsu MA24004A or
equivalent

(for MA24126A)

NIST Calibration or equivalent

10 dB K Attenuator
(Linearity Test)

Anritsu 41KC-10

VSWR < 1.15, 10 MHz to 12 GHz
VSWR <1.20, 12 GHz to 18 GHz
VSWR < 1.30, 18 GHz to 26 GHz

6 dB K Attenuator
(Cal. Factor Test)

Anritsu 41KC-6

VSWR £1.15, 10 MHz to 12 GHz
VSWR £1.20, 12 GHz to 18 GHz
VSWR £1.30, 18 GHz to 26 GHz

Adapter N(f) to K(f)
(Freq Response and Linearity
Tests)

Anritsu 34ANF50 and
34AK50

VSWR < 1.10, 10 MHz to 18 GHz
VSWR < 1.17, 18 GHz to 26 GHz

Power Divider
(Linearity Tests)

Anritsu K241B

Effective Output VSWR < 1.45, 10 MHz to 26 GHz

Personal Computer

Any

See Chapter 2
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9-3 VSWR Pretest Verifying MA241xxA, MA242x8A Performance

9-3 VSWR Pretest

The uncertainty of the VSWR test equipment will affect actual measurement values.

Test Procedure

Caution Do not apply power greater than the power sensor specifications or permanent damage may result.
Connect a fixed attenuator to the output connector when power exceeds +20 dBm.
. Before connecting the power sensor to a another device, read the “Instrument Care and
Caution . . ”
Preventive Maintenance” on page 1-3.

Using required equipment suggested in Table 9-1 on page 9-1, follow the manufacturer’s S11 (input return
loss) calibration procedure to perform calibration on the network analyzer. Connect the power sensor to the
network analyzer test port and measure power sensor input match. Typically, return loss are expressed in dB,
which can be interconverted to Reflection coefficient and VSWR as follows:

p = 10°RL/20

RL = —-20logp

VSWR=(1+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 9-2 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 sensor’s reflection coefficient specification. If the Actual
Measurement reflection coefficient is larger than the Maximum Reflection Coefficient, then the power sensor
may be defective. If the actual reflection coefficient is significantly larger than the maximum values in

Table 9-2, then the sensor is damaged and it is not necessary to perform further testing.

Table 9-2. VSWR Pretest Measurement Result

Reflection Coefficient Maximum Reflection
Frequency Uncertainty Coefficient Actual Measurement

10 MHz to 50 MHz 0.013 0.310 + 0.013 = 0.323

50 MHz to 150 MHz 0.013 0.078 + 0.013 = 0.091
150 MHz to 2 GHz 0.013 0.057 + 0.013 = 0.070

2 GHz to 12 GHz 0.020 0.099 +0.020 = 0.119

12 GHz to 18 GHz 0.020 0.111 + 0.020 = 0.131

18 GHz to 26 GHz 0.025 0.149 + 0.025=0.174

9-2 PN: 10585-00020 Rev. V PowerXpert UG
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Verifying MA241xxA, MA242x8A Performance 9-4 Frequency Response Test

9-4 Frequency Response Test

In this test the frequency response of the sensor is tested at one low power level against a reference sensor of
known measurement uncertainty. The reference sensor should be calibrated by a reputable standards
laboratory using instruments with low published measurement uncertainty values. To perform the
comparison, both sensors are used to measure the output power of a synthesizer with a high quality power
divider and an attenuator, such as the 41KC-6, on 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 MA24108A, MA24118A, MA24126A

1. Set up the equipment as follows (refer to Figure 9-1 for an illustration and Table 9-1 for the required
equipment):

a. Set the synthesizer output power to +6 dBm and start frequency to 10 MHz per Table 9-3 on
page 9-5

b. Connect the reference power sensor to the reference power meter using the appropriate cables.

c. Connect the USB cable between the personal computer with the PowerXpert application installed
and the MA24108A, MA24118A, or MA24126A power sensor under test.

d. Launch the PowerXpert application.

e. Turn the power on to all of the instruments and allow them to warm up for the amount of time
specified in their respective manuals.

Reset or Preset all of the instruments.

Configure the reference meter and sensor to measure a CW signal.

®

h. Perform a sensor Zero and a 1 mW reference calibration on the reference sensor and meter per the
manufacturer’s instructions.

i. Perform a low-level Zero of the MA24108A, MA24118A, or MA24126A power sensor by
disconnecting it from the synthesizer, clicking the Zero button on the PowerXpert application, and
waiting for the Zeroing message to close.

j.- Connect the attenuator to the output of the synthesizer with the appropriate adapter (if required)
to the output of the attenuator.

k. Set the synthesizer output power to +6 dBm and start frequency to 50 MHz.

PowerXpert UG PN: 10585-00020 Rev. V 9-3
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9-4 Frequency Response Test Verifying MA241xxA, MA242x8A Performance

MA24108A
MAB4126A
BT .

~ 5.10 dBm

ullil

Index |Description
1 Reference Power Meter
2 Reference Power Sensor
3 PC with Anritsu PowerXpert Application
4 K to N Adapter (if required)
5 6 dB Fixed Attenuator
6 Synthesizer

Figure 9-1. MA24108A, MA24118A, or MA24126A Frequency Response Setup

2. Connect the reference sensor to the synthesizer with the appropriate adapter (if required) and attenuator
in-line. See Figure 9-1.

3. Apply the Cal factor to the reference sensor per the manufacturer’s instruction.
4. Record the power indicated by the reference meter in Table 9-3.

5. Disconnect the reference sensor from the synthesizer output and connect the MA24108A, MA24118A, or
MAZ24126A power sensor with the appropriate adapter (if required) and attenuator in-line. See
Figure 9-1.

6. Apply the Cal factor to the MA24108A, MA24118A, or MA24126A by entering the frequency of the
measurement in GHz.

7. In the General Settings, set Averages to 4.
8. Record the power indicated by the MA24108A, MA24118A, or MA24126A in Table 9-3.
9. Set the synthesizer frequency to the next frequency in Table 9-3.
10. Repeat Step 2 through Step 9 until all of the frequencies in Table 9-3 have been measured.

11. For each row in Table 9-3, calculate the absolute value of the difference between the recorded Reference
power measurement and the recorded MA24108A, MA24118A, or MA24126A measurement, and record
the result in Table 9-3.

12. For each frequency, compare the power difference to the maximum allowed difference specified in
Table 9-3. If the difference is higher than the maximum allowed difference, contact Anritsu customer
service.

9-4 PN: 10585-00020 Rev. V PowerXpert UG

www.tehencom.com



Verifying MA241xxA, MA242x8A Performance 9-4 Frequency Response Test

Table 9-3. MA24108, MA24118A, MA24126A Test Measurement Results

A B |A-B| MA24108A and
MA24118A MA24126A
Absolute Value of Maximum Maximum
Reference Power | MA241xxA | Difference in Power Allowed Allowed

Frequency | Measurement | Measurement Measurements Difference Difference
(GHz) (dBm) (dBm) (dB) (dB) (dB)
0.01 0.51 0.55
0.05 0.29 0.31
0.1 0.29 0.31
0.3 0.27 0.29
0.5 0.27 0.29
1.0 0.27 0.29
20 0.27 0.29
3.0 0.30 0.33
4.0 0.30 0.33
5.0 0.30 0.33
6.0 0.30 0.33
7.0 0.32 0.35
8.0 0.32 0.35
9.0 0.32 0.37
10.0 0.32 0.37
11.0 0.32 0.37
12.0 0.32 0.37
13.0 0.34 0.38
14.0 0.34 0.38
15.0 0.34 0.38
16.0 0.34 0.41
17.0 0.34 0.41
18.0 0.34 0.41
19.0 - 0.62
20.0 - 0.62
21.0 - 0.62
22.0 - 0.62
23.0 - 0.62
24.0 - 0.62
25.0 - 0.62
26.0 - 0.62
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9-4 Frequency Response Test Verifying MA241xxA, MA242x8A Performance

Test Procedure for MA242x8A

1. Set up the equipment as follows (refer to Figure 9-2 for illustration and Table 9-1 for the required
equipment):

a. Connect the reference power sensor to the power meter. Connect the USB sensor to the computer
with supplied USB cable.

b. Connect the synthesizer and power divider to both sensors (No cable between synthesizer and
attenuator).

c. Power up and reset all test instruments. Warm up for the period specified in their respective
manuals.

d. Launch the PowerXpert application and configure both sensors to measure CW signal.
e. Turn off synthesizer RF output. Perform a sensor Zero and a 1ImW Ref Cal on the reference sensor.

f. Perform Zeroing on the USB sensor by clicking Zero on the PowerXpert.

Index |Description

1 Reference Power Meter

Reference Power Sensor

N(f) to K(m) Adapter

Power Divider

N(f) to K(m) Adapter

PC with Anritsu PowerXpert Application

6dB Attenuator Steps 3 and 9 or 3dB Attenuator Step 10
8 Synthesizer

Figure 9-2. MA242x8A or MA243x0A Frequency Response Setup

N| O O B W N
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Verifying MA241xxA, MA242x8A Performance 9-4 Frequency Response Test

2. Set Aperture Time to 20ms and Averages to 10 on PowerXpert.

. Connect the 6dB fixed attenuator between Synthesizer and Power Divider. Set synthesizer output to

+6dBm and 10MHz. Adjust output if necessary so the Ref sensor reads —6 +0.2 dBm at 10MHz.

. Apply Cal factor to both sensors by entering either the measured frequency or CF value.

5. Record the power reading of both sensors in Table 9-4.

6. Set the synthesizer frequency to the next value without changing the power. Repeat steps 4 through 5 to

10.

measure all listed frequencies.

. Calculate the absolute value of the difference between the sensors and compare to the maximum allowed

difference at each frequency.

. Flip the power divider outputs and repeat the measurement If any difference is higher than the

maximum allowed value. Average the measurements before and after the flip on both sensors and
re-compute their difference. Contact Anritsu if the difference is still higher than the maximum allowed
value.

. Set synthesizer output to -6dBm and 10MHz. Adjust output if necessary so the Ref sensor reads —18 +0.2

dBm at 10MHz. Repeat steps 4 through 8.

Change fixed attenuator from 6dB to 3dB. Set synthesizer output to +16dBm and 10MHz. Adjust output
if necessary so the Ref sensor reads +7 +£0.2 dBm at 10MHz. Repeat steps 4 through 8.

PowerXpert UG PN: 10585-00020 Rev. V 9-7
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9-4 Frequency Response Test Verifying MA241xxA, MA242x8A Performance

Table 9-4. MA24208 and MA24218A Test Measurement Results

B
A |A-B]|

Absolute Yalue of Max
g | Spencerousr | WALEGA WA | Difersce DRORT | alowes
GHz (dBm) (dBm) (dB) Diff (dB)

-18 dBm | -6 dBm | +7 dBm | -18 dBm | -6 dBm | +7 dBm | —18 dBm | -6 dBm | +7 dBm
0.01 0.41
0.05 0.31
0.1 0.31
0.3 0.31
0.5 0.31
1.0 0.31
20 0.31
3.0 0.32
4.0 0.32
5.0 0.32
6.0 0.32
7.0 0.34
8.0 0.34
9.0 0.34
10.0 0.34
11.0 0.34
12.0 0.34
13.0 0.35
14.0 0.35
15.0 0.35
16.0 0.35
17.0 0.35
18.0 0.35
9-8 PN: 10585-00020 Rev. V PowerXpert UG
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Verifying MA241xxA, MA242x8A Performance 9-5 Linearity Test for MA24108A/118A/126A

9-5 Linearity Test for MA24108A/118A/126A

The linearity correction of the MA24108A, MA24118A, or MA24126A is compared to a thermal power sensor,
which has very good inherent linearity over a power range of about —20 dBm to +10 dBm. For this reason, the
MA24108A, MA24118A, or MA24126A is compared to the thermal sensor in two ranges, keeping the power
levels to the thermal sensor in the range of —17 dBm to +5 dBm, while the power to the MA24108A,
MA24118A, or MA24126A varies from about —26 dBm to about +14 dBm.

Test Procedure

1. Set up the equipment as follows (refer to Figure 9-3 for an illustration and Table 9-1 for the required
equipment):

a.
b.

Connect the reference power sensor to the reference power meter using the appropriate cables.

Connect the USB cable between the personal computer with the PowerXpert application installed
and the MA24108A, MA24118A, or MA24126A power sensor under test.

Launch the PowerXpert application.

. Turn the power on to all of the instruments and allow them to warm up for the amount of time

specified in the instrument’s respective manuals.

e. Reset or Preset all of the instruments.

S o
.

Configure the reference meter and sensor to measure a CW signal.

Perform a sensor Zero and a 1 mW reference calibration on the reference sensor and meter per the
manufacturer’s instructions.

Perform a low-level Zero of the MA24108A, MA24118A, or MA24126A by disconnecting the it from
the synthesizer, clicking the Zero button on the PowerXpert application, and waiting for the
Zeroing message to close.

Connect the power splitter to the output of the synthesizer, and connect the 10 dB attenuator to
the reference arm of the splitter output.

Connect an N(f) to K adapter (if required) to each power sensor.
Connect the reference sensor and adapter to the 10 dB attenuator.

Connect the MA24108A, MA24118A, or MA24126A and adapter (if required) to the other splitter
output.

m. Set the synthesizer CW frequency to 50 MHz.

Set the synthesizer leveled output power to +20 dBm or highest leveled power available (do not
exceed +20 dBm).

. Increase averaging of the DUT sensor by entering “16” in the PowerXpert application, and then

click Apply above settings.
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9-5 Linearity Test for MA24108A/118A/126A Verifying MA241xxA, MA242x8A Performance

MA24108A
MA24118A
MA24126A

Index Description

1 Reference Power Meter

Reference Power Sensor

K to N Adapter (if required)

10 dB Attenuator

Power Splitter

K to N Adapter (if required)

PC with Anritsu PowerXpert Application
8 Synthesizer

N| O O B W N

Figure 9-3. Linearity Test Setup 1

2. Apply the Cal factor to the reference sensor per the manufacturer’s procedure.
3. Apply the Cal factor by entering the frequency of the measurement in GHz.

4. Turn Off the synthesizer’s RF output and perform a low-level Zero of both the Reference sensor and the
MA24108A, MA24118A, or MA24126A.

5. Turn On the synthesizer’s RF output.
6. Record data for the first 20 dB range as follows:

a. Record the power reading by the reference meter in column A of Table 9-5 on page 9-12.

b. Record the power reading by the MA24108A, MA24118A, or MA24126A in column of Table 9-5.
c. Set the synthesizer power to +15 dBm.
d

. Record the reference meter and the MA24108A, MA24118A, or MA24126A power sensor readings
in Table 9-5.

e. Repeat the measurement of Step 6 for synthesizer output levels of +10, +5, and 0 dBm.
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Verifying MA241xxA, MA242x8A Performance 9-5 Linearity Test for MA24108A/118A/126A

Note

The MA24108A, MA24118A, or MA24126A power measured at 0 dBm will be used in Step 7e,
below.

7. Set up the test for the second 20 dB range as follows:

a

b

. Remove the 10 dB attenuator from in between the reference sensor and splitter and connect the
reference sensor (with adapter, if required) directly to the splitter.

. Remove the MA24108A, MA24118A, or MA24126A from the splitter and connect the 10 dB
attenuator between the splitter and the power sensor. See Figure 9-4.

c. Turn Off the synthesizer’s RF output and perform a low-level Zero of both the Reference sensor

o

and the MA24108A, MA24118A, or MA24126A.
. Turn On the synthesizer’s RF output.

. Set the synthesizer output level to +10 dBm, then adjust its power level until the sensor/meter
under test reads as close as possible to the 0 dBm value obtained above in Step 6.

5.10dBm

MA24108A 1T
MA24118A
MA24126A

Index

Description

Reference Power Meter

Reference Power Sensor

K to N Adapter (if required)

Power Splitter

10 dB Attenuator

K to N Adapter (if required)

~N| O O B W N

PC with Anritsu PowerXpert Application

8

Synthesizer

Figure 9-4. Linearity Test Setup 2
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9-5 Linearity Test for MA24108A/118A/126A

Verifying MA241xxA, MA242x8A Performance

8. Record data for the next 20 dB range:

a.
b.

C.

Read and record the power indicated by the reference meter in Table 9-5.
Lower the output power level of the synthesizer to +5 dBm.

Record the reference meter and the MA24108A, MA24118A, or MA24126A power sensor readings
in Table 9-5, columns A and B respectively.

d. Repeat the measurements of step 8 for synthesizer output levels of 0, —5, and —10 dBm.
Table 9-5. Measurement Results (50 MHz)
A B Cc D E
= (A6-Ab5) = (A+B) MA24108A, =(C-D)
Synthesizer | Attenuation Reference Corrected MA24118A, or
Power Level | in Reference Power Reference Power | Attenuation MA24126A Difference
Row Setting Arm Measurement | Correction Measurement in Test Arm | Measurement Calculation
# (dBm) (dB) (dBm) (dB) (dB) (dB) (dBm) (dB)
1 +20 10 0
2 +15 10 0
3 +10 10 0
4 +5 10 0
5 0 10 0
6 | adjust per 0 0 10
Step 7e

7 +5 0 0 10
8 0 0 0 10
9 -5 0 0 10
10 -10 0 0 10
11 Max:
12 Min:
13 Delta (E11 — E12):

9. Perform the calculations and operation check as follows:

a.

Subtract the Reference Power Measurement of row 5 from the Reference Power Measurement of
row 6. Record this value in the Correction column of rows 1 through 5.

Note

The Correction column of rows 1 through 5 should all have the same value.
The Correction column of rows 6 through 10 have values of 0.

. Add the Reference Power Measurement and Correction values of row 1 and record the result in the
Corrected Reference Power Measurement column of row 1.

Repeat Step 9b for rows 2 through 10.

d. Subtract the MA24108A, MA24118A, or MA24126A Measurement of row 1 from the Corrected

Reference Power Measurement of row 1 and record the result in the Difference Calculation column
of row 1.

e. Repeat Step 9d for rows 2 through 10.

f. Find the largest (most positive) value in the Difference Calculation column and record this value

next to the word Max in row 11.

. Find the smallest (least positive or most negative) value in the Difference Calculation column and
record this value next to the word Min in row 12.

9-12
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Verifying MA241xxA, MA242x8A Performance 9-5 Linearity Test for MA24108A/118A/126A

h. Subtract the Min value from Step 9¢g from the Max value from Step 9f and record the result next to
the word Delta in row 13.

i. The Delta result should be less than 0.3 dB. If it is larger, contact Anritsu customer service.

10. Repeat the entire measurement and calculations with synthesizer frequency settings of 2 GHz, 4 GHz,
6 GHz, 10 GHz, 12 GHz, 14 GHz, 16 GHz, 18 GHz, 20 GHz, 22 GHz, 24 GHz, and 26 GHz.
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9-5 Linearity Test for MA24108A/118A/126A Verifying MA241xxA, MA242x8A Performance

Refer to Section 9-6 for the MA24208A and MA24218A power sensor linearity testing.

Table 9-6. Measurement Results (2 GHz)

A B C D C-D
= (A6-Ab5) = (A+B) MA24108A,
Synthesizer | Attenuation Reference Corrected MA24118A, or
Power Level | in Reference Power Reference Power | Attenuation MA24126A Difference
Row Setting Arm Measurement | Correction Measurement in Test Arm | Measurement Calculation
# (dBm) (dB) (dBm) (dB) (dB) (dB) (dBm) (dB)
1 +20 10 0
2 +15 10 0
3 +10 10 0
4 +5 10 0
5 0 10 0
6 | adjust per 0 0 10
Step 7e
7 +5 0 0 10
8 0 0 0 10
9 -5 0 0 10
10 -10 0 0 10
11 Max:
12 Min:
13 Delta (E11 — E12):

Table 9-7. Measurement Results (4 GHz)

A B C D E
= (A6-A5) = (A+B) MA24108A, = (C-D)
Synthesizer | Attenuation Reference Corrected MA24118A, or
Power Level | in Reference Power Reference Power | Attenuation MA24126A Difference
Row Setting Arm Measurement | Correction Measurement in Test Arm | Measurement Calculation
# (dBm) (dB) (dBm) (dB) (dB) (dB) (dBm) (dB)
1 +20 10 0
2 +15 10 0
3 +10 10 0
4 +5 10 0
5 0 10 0
6 adjust per 0 0 10
Step 7e
7 +5 0 0 10
8 0 0 0 10
9 -5 0 0 10
10 -10 0 0 10
11 Max:
12 Min:
13 Delta (E11 — E12):
9-14 PN: 10585-00020 Rev. V PowerXpert UG
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Verifying MA241xxA, MA242x8A Performance

9-5 Linearity Test for MA24108A/118A/126A

Table 9-8. Measurement Results (6 GHz)
A B Cc D E
= (A6-A5) = (A+B) MA24108A, =(C-D)
Synthesizer | Attenuation Reference Corrected MA24118A, or
Power Level | in Reference Power Reference Power | Attenuation MA24126A Difference
Row Setting Arm Measurement | Correction Measurement in Test Arm | Measurement Calculation
# (dBm) (dB) (dBm) (dB) (dB) (dB) (dBm) (dB)
1 +20 10 0
2 +15 10 0
3 +10 10 0
4 +5 10 0
5 0 10 0
6 | adjust per 0 0 10
Step 7e
7 +5 0 0 10
8 0 0 0 10
9 -5 0 0 10
10 -10 0 0 10
11 Max:
12 Min:
13 Delta (E11 — E12):
Table 9-9. Measurement Results (8 GHz)
A B C D E
= (A6-A5) = (A+B) MA24108A, =(C-D)
Synthesizer | Attenuation Reference Corrected MA24118A, or
Power Level | in Reference Power Reference Power | Attenuation MA24126A Difference
Row Setting Arm Measurement | Correction Measurement in Test Arm | Measurement Calculation
# (dBm) (dB) (dBm) (dB) (dB) (dB) (dBm) (dB)
1 +20 10 0
2 +15 10 0
3 +10 10 0
4 +5 10 0
5 0 10 0
6 adjust per 0 0 10
Step 7e
7 +5 0 0 10
8 0 0 0 10
9 -5 0 0 10
10 -10 0 0 10
11 Max:
12 Min:
13 Delta (E11 — E12):
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Verifying MA241xxA, MA242x8A Performance

Table 9-10. Measurement Results (10 GHz)

A B (o D E
= (A6-A5) = (A+B) =(C-D)
Synthesizer | Attenuation Reference Corrected MA24118A,
Power Level | in Reference Power Reference Power | Attenuation MA24126A Difference
Row Setting Arm Measurement | Correction Measurement in Test Arm | Measurement Calculation
# (dBm) (dB) (dBm) (dB) (dB) (dB) (dBm) (dB)
1 +20 10 0
2 +15 10 0
3 +10 10 0
4 +5 10 0
5 0 10 0
6 | adjust per 0 0 10
Step 7e
+5 0 0 10
0 0 0 10
-5 0 0 10
10 -10 0 0 10
11 Max:
12 Min:
13 Delta (E11 — E12):
Table 9-11. Measurement Results (12 GHz)
A B Cc D E
= (A6-A5) = (A+B) =(C-D)
Synthesizer | Attenuation Reference Corrected MA24118A,
Power Level | in Reference Power Reference Power | Attenuation MA24126A Difference
Row Setting Arm Measurement | Correction Measurement in Test Arm | Measurement Calculation
# (dBm) (dB) (dBm) (dB) (dB) (dB) (dBm) (dB)
1 +20 10 0
2 +15 10 0
3 +10 10 0
4 +5 10 0
5 0 10 0
6 adjust per 0 0 10
Step 7e
7 +5 0 0 10
8 0 0 0 10
9 -5 0 0 10
10 -10 0 0 10
11 Max:
12 Min:
13 Delta (E11 — E12):
9-16 PN: 10585-00020 Rev. V PowerXpert UG
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9-5 Linearity Test for MA24108A/118A/126A

Table 9-12. Measurement Results (14 GHz)

A B C D E
= (A6-A5) = (A+B) =(C-D)
Synthesizer | Attenuation Reference Corrected MA24118A,
Power Level | in Reference Power Reference Power | Attenuation MA24126A Difference
Row Setting Arm Measurement | Correction Measurement in Test Arm | Measurement Calculation
# (dBm) (dB) (dBm) (dB) (dB) (dB) (dBm) (dB)
1 +20 10 0
2 +15 10 0
3 +10 10 0
4 +5 10 0
5 0 10 0
6 | adjust per 0 0 10
Step 7e
7 +5 0 0 10
8 0 0 0 10
9 -5 0 0 10
10 -10 0 0 10
11 Max:
12 Min:
13 Delta (E11 — E12):
Table 9-13. Measurement Results (16 GHz)
A B C D E
= (A6-A5) = (A+B) =(C-D)
Synthesizer | Attenuation Reference Corrected MA24118A,
Power Level | in Reference Power Reference Power | Attenuation MA24126A Difference
Row Setting Arm Measurement | Correction Measurement in Test Arm | Measurement Calculation
# (dBm) (dB) (dBm) (dB) (dB) (dB) (dBm) (dB)
1 +20 10 0
2 +15 10 0
3 +10 10 0
4 +5 10 0
5 0 10 0
6 adjust per 0 0 10
Step 7e
7 +5 0 0 10
8 0 0 0 10
9 -5 0 0 10
10 -10 0 0 10
11 Max:
12 Min:
13 Delta (E11 — E12):

PowerXpert UG

PN: 10585-00020 Rev. V
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Verifying MA241xxA, MA242x8A Performance

Table 9-14. Measurement Results (18 GHz)

A B C D E
= (A6-A5) = (A+B) = (C-D)
Synthesizer | Attenuation Reference Corrected MA24118A,
Power Level | in Reference Power Reference Power | Attenuation MA24126A Difference
Row Setting Arm Measurement | Correction Measurement in Test Arm | Measurement Calculation
# (dBm) (dB) (dBm) (dB) (dB) (dB) (dBm) (dB)
1 +20 10 0
2 +15 10 0
3 +10 10 0
4 +5 10 0
5 0 10 0
6 adjust per 0 0 10
Step 7e
7 +5 0 0 10
8 0 0 0 10
9 -5 0 0 10
10 -10 0 0 10
11 Max:
12 Min:
13 Delta (E11 — E12):
Table 9-15. Measurement Results (20 GHz)
A B C E
= (A6-A5) = (A+B) = (C-D)
Synthesizer | Attenuation Reference Corrected D
Power Level | in Reference Power Reference Power | Attenuation MA24126A Difference
Row Setting Arm Measurement | Correction Measurement in Test Arm | Measurement Calculation
# (dBm) (dB) (dBm) (dB) (dB) (dB) (dBm) (dB)
1 +20 10 0
2 +15 10 0
3 +10 10 0
4 +5 10 0
5 0 10 0
6 adjust per 0 0 10
Step 7e
7 +5 0 0 10
8 0 0 0 10
9 -5 0 0 10
10 -10 0 0 10
11 Max:
12 Min:
13 Delta (E11 — E12):
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9-5 Linearity Test for MA24108A/118A/126A

Table 9-16. Measurement Results (22 GHz)

A B C E
= (A6-A5) = (A+B) =(C-D)
Synthesizer | Attenuation Reference Corrected D
Power Level | in Reference Power Reference Power | Attenuation MA24126A Difference
Row Setting Arm Measurement | Correction Measurement in Test Arm | Measurement Calculation
# (dBm) (dB) (dBm) (dB) (dB) (dB) (dBm) (dB)
1 +20 10 0
2 +15 10 0
3 +10 10 0
4 +5 10 0
5 0 10 0
6 | adjust per 0 0 10
Step 7e
7 +5 0 0 10
8 0 0 0 10
9 -5 0 0 10
10 -10 0 0 10
11 Max:
12 Min:
13 Delta (E11 — E12):
Table 9-17. Measurement Results (24 GHz)
A B C E
= (A6-A5) = (A+B) =(C-D)
Synthesizer | Attenuation Reference Corrected D
Power Level | in Reference Power Reference Power | Attenuation MA24126A Difference
Row Setting Arm Measurement | Correction Measurement in Test Arm | Measurement Calculation
# (dBm) (dB) (dBm) (dB) (dB) (dB) (dBm) (dB)
1 +20 10 0
2 +15 10 0
3 +10 10 0
4 +5 10 0
5 0 10 0
6 | adjust per 0 0 10
Step 7e
7 +5 0 0 10
8 0 0 0 10
9 -5 0 0 10
10 -10 0 0 10
11 Max:
12 Min:
13 Delta (E11 — E12):

PowerXpert UG

PN: 10585-00020 Rev. V
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Verifying MA241xxA, MA242x8A Performance

Table 9-18. Measurement Results (26 GHz)

A B C E
= (A6-A5) = (A+B) = (C-D)
Synthesizer | Attenuation Reference Corrected D
Power Level | in Reference Power Reference Power | Attenuation MA24126A Difference
Row Setting Arm Measurement | Correction Measurement in Test Arm | Measurement Calculation
# (dBm) (dB) (dBm) (dB) (dB) (dB) (dBm) (dB)
1 +20 10 0
2 +15 10 0
3 +10 10 0
4 +5 10 0
5 0 10 0
6 adjust per 0 0 10
Step 7e
7 +5 0 0 10
8 0 0 0 10
9 -5 0 0 10
10 -10 0 0 10
11 Max:
12 Min:
13 Delta (E11 — E12):
9-20 PN: 10585-00020 Rev. V PowerXpert UG
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9-6 Linearity Test MA24208A and MA24218A

The linearity correction of the MA24208A and MA24218A is compared to a thermal power sensor, which has
very good inherent linearity over a power range of about —17 dBm to +4 dBm. For this reason, the MA24208A
and MA24218A is compared to the thermal sensor in three ranges, keeping the power levels to the thermal
sensor in the range of =17 dBm to +4 dBm, while the power to the MA24208A and MA24218A varies from
about —37 dBm to about +14 dBm.

Test Procedure

1. Set up the equipment as follows (refer to Figure 9-5 for an illustration and Table 9-1 for the required
equipment):

a.
b.

Connect the reference power sensor to the reference power meter using the appropriate cables.

Connect the USB cable between the personal computer with the PowerXpert application installed
and the MA24208A and MA24218A power sensor under test.

Launch the PowerXpert application.

. Turn the power on to all of the instruments and allow them to warm up for the amount of time

specified in the instrument’s respective manuals.

e. Reset or Preset all of the instruments.

f. Configure the reference meter and sensor to measure a CW signal.

Perform a sensor Zero and a 1 mW reference calibration on the reference sensor and meter per the
manufacturer’s instructions.

. Connect the power splitter to the output of the synthesizer, and connect the 10 dB attenuator to

the reference arm of the splitter output.
Connect an N(f) to K adapter (if required) to each power sensor.

Connect the reference sensor and adapter to the 10 dB attenuator.

. Connect theMA24208A and MA24218A and adapter (if required) to the other splitter output.

Set the synthesizer CW frequency to 50 MHz.

. Set the synthesizer leveled output power to +20 dBm or highest leveled power available (do not

exceed +20 dBm).

. Increase averaging of the DUT sensor by entering “16” in the PowerXpert application, and then

click Apply above settings.

PowerXpert UG PN: 10585-00020 Rev. V 9-21
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MA24208A
MA24218A

Index Description

1 Reference Power Meter

Reference Power Sensor

K to N Adapter (if required)

10 dB Fixed Attenuator

Power Splitter

K to N Adapter (if required)

PC with Anritsu PowerXpert Application
8 Synthesizer

N O O MWD

Figure 9-5. Linearity Test Setup 3

2. Apply the Cal factor to the reference sensor per the manufacturer’s procedure.
3. Apply the Cal factor by entering the frequency of the measurement in GHz.

4. Turn Off the synthesizer’s RF output and perform a low-level Zero of both the Reference sensor and the
MA24208A and MA24218A.

5. Turn On the synthesizer’s RF output.

6. Record data for the first 20 dB range as follows:
a. Record the power reading by the reference meter in column A of Table 9-19 on page 9-24.
b. Record the power reading by the MA24208A and MA24218A in column B of Table 9-19.
c. Set the synthesizer power to +15 dBm.

d. Repeat the measurement of step 6 for synthesizer output levels of +10, +5, and 0 dBm.

Note The MA24208A and MA24218A power measured at 0 dBm will be used in Step 7e, below.

9-22 PN: 10585-00020 Rev. V PowerXpert UG
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7. Set up the test for the second 20 dB range as follows:

a.

b.

C.

Remove the 10 dB attenuator from in between the reference sensor and splitter and connect the
reference sensor (with adapter, if required) directly to the splitter.

Remove the MA24208A and MA24218A from the splitter and connect the 10 dB attenuator
between the splitter and the power sensor (see Figure 9-6).

Turn Off the synthesizer’'s RF output and perform a low-level Zero of both the Reference sensor
and the MA24208A and MA24218A.

d. Turn On the synthesizer’s RF output.

e.

f.

Set the synthesizer output level to +10 dBm, then adjust its power level until the sensor/meter
under test reads as close as possible to the 0 dBm value recorded in column B row 5. Record the
resulting power level in column B, row 6 of Table 9-19.

Record the power indicated by the reference meter in column A of row 6.

/@

[Zinritsi

oo
==feate=
ooo|
moo|
e D)

- D D @ T

E

MA24208A
MA24218A

(SR E]C) | — i

I

Index |[Description
1 Reference Power Meter
2 Reference Power Sensor
3 K to N Adapter (if required)
4 Power Spilitter
5 10 dB or 20 dB Fixed Attenuator Step 9
6 K to N Adapter (if required)
7 PC with Anritsu PowerXpert Application
8 Synthesizer
Figure 9-6. Linearity Test Setup 4
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8. Record data for the next 20 dB range

a.
b.

Lower the output power level of the synthesizer to +5 dBm.

Record the reference meter and the MA24208A and MA24218A power sensor readings in
Table 9-19, columns A and B respectively.

Repeat the measurements of step 8 for synthesizer output levels of 0 dBm, -5 dBm, and —10 dBm.

Table 9-19. Measurement Results (50 MHz)
Synth Attenin A B C1 C2 C3 C4 D E F
nominal | Attenin Test Ref DUT A10 B11
Row level Ref Arm Arm Power Power A6-A5 -A11 B6-B5 -B10 A+C B5-D5 | (D-B)+E

# (dBm) (dB) (dB) | (dBm) | (dBm) (dB) (dB) (dB) (dB) (dBm) (dB) | Diff (dB)
1 20 10 0

2 15 10 0

3 10 10 0

4 5 10 0

5 0 10 0

6 10 0 10

7 5 0 10

8 0 0 10

9 -5 0 10
10 -10 0 10

11 0 0 20
12 -5 0 20
13 -10 0 20
14 max
15 min
16 delta
9. Set up the test for the next 15 dB range as follows:

a.

b.

Remove the 10 dB attenuator from in between the splitter and DUT sensor and replace it with a 20
dB attenuator.

Turn Off the synthesizer’s RF output and perform a low-level Zero of both the Reference sensor
and the MA24208A and MA24218A.

Turn On the synthesizer’s RF output.

d. Set the synthesizer output level to 0 dBm (per Table 9-19), then adjust its power level until the

e.

sensor/meter under test reads as close as possible to the value in row10 column B. Record the
resulting power level in column B, row 11 of Table 9-19.

Read and record the power indicated by the reference meter in row 11 column A of Table 9-19.

10. Record data for the next 15 dB range.

a.

Lower the output power level of the synthesizer to —5 dBm.

9-24
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b.

C.

Record the reference meter and the MA24208A and MA24218A power sensor readings in
Table 9-19, columns A and B respectively.

Repeat the measurements of step 10 for synthesizer output levels of —10 dBm.

11. Perform the calculations as follows:

a. Subtract the Reference Power Measurement of row 5, column A from the Reference Power

Measurement of row 6, column A. Record this value in the column C1, rows 1 through 5.
Note Column C1, rows 1 through 5 should all have the same value.
The correction column rows 6 through 13 have values of 0.

b. Subtract the DUT power of row 11 column A from that of Row 10 Column A and record in column
C2, rows 11 through 13.

c. Subtract the value in row 5 column B from that in row 6 column B. Copy the result into rows 6
through 10 of column C3.

d. Subtract the value of row 10 column B from that in row 11 column B and copy it into rows 11
through 13 column C4.

e. For each row in column D, add the values of the same row of column A and columns C1 through C4
(a blank has value 0 dB).

f. Subtract the value of row 5 column D from that of row 5 column B. Record this values in column E
rows 1 thorough 13.

g. For each row in column F compute the value by subtracting the value of column B from that in
column D and then adding the value from column E.

h. Find the largest (most positive) value in the column F, rows 1 through 13, and record this value
next to the word Max in row14.

i. Find the smallest value in column F, rows 1 through 13, and record this value next to the word Min
in row 15.

j. Subtract the Min value from Step 11i from the Max value from Step 11h and record the result next
to the word Delta in row 16.

k. The Delta result should be less than 0.3 dB. If it is larger, contact Anritsu customer service.

12. Repeat the entire measurement and calculations with synthesizer frequency settings of 2 GHz, 4 GHz,
6 GHz, 8 GHz, 10 GHz, 12 GHz, 14 GHz, 16 GHz, and 18 GHz.
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Verifying MA241xxA, MA242x8A Performance

Table 9-20. Measurement Results (2 GHz)

Synth Attenin A B C1 Cc2 C3 Cc4 D E F
nominal | Attenin Test Ref DUT A10 B11
Row level Ref Arm Arm Power Power A6-AS5 -A11 B6-B5 -B10 A+C B5-D5 | (D-B)+E
# (dBm) (dB) (dB) (dBm) | (dBm) (dB) (dB) (dB) (dB) (dBm) (dB) | Diff (dB)
1 20 10 0
2 15 10 0
3 10 10 0
4 5 10 0
5 0 10 0
6 10 0 10
7 5 0 10
8 0 0 10
9 -5 0 10
10 -10 0 10
1" 0 0 20
12 -5 0 20
13 -10 0 20
14 max
15 min
16 delta
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9-6 Linearity Test MA24208A and MA24218A

Table 9-21. Measurement Results (4 GHz)

Synth Atten in A B c1 c2 c3 c4 D E F
nominal | Attenin | Test Ref DUT A10 B11
Row | level |RefArm | Arm Power | Power | A6-A5 | -A11 B6-B5 | -B10 A+C B5-D5 | (D-B)+E
# (dBm) (dB) (dB) (dBm) | (dBm) (dB) (dB) (dB) (dB) (dBm) (dB) | Diff (dB)
1 20 10 0
2 15 10 0
3 10 10 0
4 5 10 0
5 0 10 0
6 10 0 10
7 5 0 10
8 0 0 10
9 -5 0 10
10 -10 0 10
11 0 0 20
12 -5 0 20
13 -10 0 20
14 max
15 min
16 delta
PN: 10585-00020 Rev. V 9-27
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Table 9-22. Measurement Results (6 GHz)

Synth Attenin A B C1 C2 C3 C4 D E F
nominal | Attenin Test Ref DUT A10 B11
Row level Ref Arm Arm Power Power A6-A5 -A11 B6-B5 -B10 A+C B5-D5 | (D-B)+E

# (dBm) (dB) (dB) (dBm) | (dBm) (dB) (dB) (dB) (dB) (dBm) (dB) | Diff (dB)
1 20 10 0

2 15 10 0

3 10 10 0

4 5 10 0

5 0 10 0

6 10 0 10

7 5 0 10

8 0 0 10

9 -5 0 10
10 -10 0 10

1" 0 0 20

12 -5 0 20

13 -10 0 20

14 max

15 min

16 delta
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9-6 Linearity Test MA24208A and MA24218A

Table 9-23. Measurement Results (8 GHz)

Synth Atten in A B c1 c2 c3 c4 D E F
nominal | Attenin | Test Ref DUT A10 B11
Row | level |RefArm | Arm Power | Power | A6-A5 | -A11 B6-B5 | -B10 A+C B5-D5 | (D-B)+E
# (dBm) (dB) (dB) (dBm) | (dBm) (dB) (dB) (dB) (dB) (dBm) (dB) | Diff (dB)
1 20 10 0
2 15 10 0
3 10 10 0
4 5 10 0
5 0 10 0
6 10 0 10
7 5 0 10
8 0 0 10
9 -5 0 10
10 -10 0 10
11 0 0 20
12 -5 0 20
13 -10 0 20
14 max
15 min
16 delta
PN: 10585-00020 Rev. V 9-29
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Verifying MA241xxA, MA242x8A Performance

Table 9-24. Measurement Results (10 GHz)

Synth Attenin A B C1 C2 C3 C4 D E F
nominal | Attenin Test Ref DUT A10 B11
Row level Ref Arm Arm Power Power A6-A5 -A11 B6-B5 -B10 A+C B5-D5 | (D-B)+E

# (dBm) (dB) (dB) (dBm) | (dBm) (dB) (dB) (dB) (dB) (dBm) (dB) | Diff (dB)
1 20 10 0

2 15 10 0

3 10 10 0

4 5 10 0

5 0 10 0

6 10 0 10

7 5 0 10

8 0 0 10

9 -5 0 10
10 -10 0 10

1" 0 0 20

12 -5 0 20

13 -10 0 20

14 max

15 min

16 delta
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9-6 Linearity Test MA24208A and MA24218A

Table 9-25. Measurement Results (12 GHz)

Synth Atten in A B c1 c2 c3 c4 D E F
nominal | Attenin | Test Ref DUT A10 B11
Row | level |RefArm | Arm Power | Power | A6-A5 | -A11 B6-B5 | -B10 A+C B5-D5 | (D-B)+E
# (dBm) (dB) (dB) (dBm) | (dBm) (dB) (dB) (dB) (dB) (dBm) (dB) | Diff (dB)
1 20 10 0
2 15 10 0
3 10 10 0
4 5 10 0
5 0 10 0
6 10 0 10
7 5 0 10
8 0 0 10
9 -5 0 10
10 -10 0 10
11 0 0 20
12 -5 0 20
13 -10 0 20
14 max
15 min
16 delta
PN: 10585-00020 Rev. V 9-31
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Table 9-26. Measurement Results (14 GHz)

Synth Attenin A B C1 C2 C3 C4 D E F
nominal | Attenin Test Ref DUT A10 B11
Row level Ref Arm Arm Power Power A6-A5 -A11 B6-B5 -B10 A+C B5-D5 | (D-B)+E

# (dBm) (dB) (dB) (dBm) | (dBm) (dB) (dB) (dB) (dB) (dBm) (dB) | Diff (dB)
1 20 10 0

2 15 10 0

3 10 10 0

4 5 10 0

5 0 10 0

6 10 0 10

7 5 0 10

8 0 0 10

9 -5 0 10
10 -10 0 10

1" 0 0 20

12 -5 0 20

13 -10 0 20

14 max

15 min

16 delta
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9-6 Linearity Test MA24208A and MA24218A

Table 9-27. Measurement Results (16 GHz)

Synth Atten in A B c1 c2 c3 c4 D E F
nominal | Attenin | Test Ref DUT A10 B11
Row | level |RefArm | Arm Power | Power | A6-A5 | -A11 B6-B5 | -B10 A+C B5-D5 | (D-B)+E
# (dBm) (dB) (dB) (dBm) | (dBm) (dB) (dB) (dB) (dB) (dBm) (dB) | Diff (dB)
1 20 10 0
2 15 10 0
3 10 10 0
4 5 10 0
5 0 10 0
6 10 0 10
7 5 0 10
8 0 0 10
9 -5 0 10
10 -10 0 10
11 0 0 20
12 -5 0 20
13 -10 0 20
14 max
15 min
16 delta
PN: 10585-00020 Rev. V 9-33
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Table 9-28. Measurement Results (18 GHz)

Synth Attenin A B C1 C2 C3 C4 D E F
nominal | Attenin Test Ref DUT A10 B11
Row level Ref Arm Arm Power Power A6-A5 -A11 B6-B5 -B10 A+C B5-D5 | (D-B)+E

# (dBm) (dB) (dB) (dBm) | (dBm) (dB) (dB) (dB) (dB) (dBm) (dB) | Diff (dB)
1 20 10 0

2 15 10 0

3 10 10 0

4 5 10 0

5 0 10 0

6 10 0 10

7 5 0 10

8 0 0 10

9 -5 0 10
10 -10 0 10

1" 0 0 20

12 -5 0 20

13 -10 0 20

14 max

15 min

16 delta
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Chapter 10 — Using the MA243x0A

10-1 Introduction

This chapter describes using the MA243x0A USB power sensor and the Anritsu PowerXpert PC application
buttons and menus described in Chapter 3, “Using USB Power Sensors with PowerXpert”. If an Anritsu series
handheld instrument is being used with the power sensor, refer to the user documentation that came with the
handheld instrument for procedures on operating external power sensors.

10-2 Sensor Connector Overview

The MA243x0A power sensor connectors are shown in Figure 10-1.

MA24350A
Microwave CW USB Power 54
Frequency Range: 10 MHzto 50 GHz

/inritsu

MA243x0A

Index Description

MA243x0A

MA24330A, MA24340A RF input: K male (Torque connector at 8Ibf-in [0.9 N.m]).
MA24350A RF input: V male (Torque connector at 8Ibf-in [0.9 N.m]).

LED Solid Green: Sensor ON, Status OK

Blinks Green: Error or Programming Condition

3 Trigger Out (For Future Use)

4 USB Micro-B Port (for connection with a PC or Anritsu handheld instrument)
5 External Trigger Input (TTL/CMOS)
Figure 10-1. MA243x0A Sensor Connectors Overview
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10-3 Basic Power Measurement

This section provides steps and information to make basic power measurements with the MA243x0A power
sensor and PowerXpert. To perform a power measurement:

1. Connect the sensor to a computer as shown in Figure 10-2.
2. Open the Anritsu PowerXpert application.

3. Zero the sensor as described below in “Zeroing the Sensor”.

Do not apply power greater than the power sensor specifications or permanent damage may result.

Caution Connect a fixed attenuator to the output connector when power exceeds +20 dBm.

Before connecting the power sensor to a another device, read the “Instrument Care and

Caution Preventive Maintenance” on page 1-3.

° 3

-39.36 dBm

Optional
Attenuator

/nritsu  MA24350A

Figure 10-2. Measurement Setup

4. Connect the RF source to the RF IN port of the power sensor. 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 sensor, observe the following practice for tightening the connection:

1. While holding the body of the sensor in one hand, turn the male connector nut to finger tighten the
connection. Do not turn the body of the sensor 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).

Zeroing the Sensor

Zero the sensor before making power measurements. If frequent low-level measurements are being made,
check the sensor zeroing often and repeat as necessary. If the sensor goes into sleep mode, the sensor must be
re-zeroed before taking 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. For
the MA243x0A this level is less than —70 dBm. 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 or disconnected from any signal source.

To zero the sensor MA243x0A series power sensor, click the Zero button on the PowerXpert application. If the
sensor fails the zeroing operation, remove power from the sensor and Zero again.

10-2 PN: 10585-00020 Rev. V PowerXpert UG
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Calibrating the Sensor

The signal channel/analog signal acquisition hardware is integrated along with the RF front end of the power
sensor. All calibration factors, as well as linearity and temperature corrections, are stored in the sensor.
Therefore, there is no need for a reference calibration with the sensor.

Applying a Calibration Factor Correction

The power sensor has an internal EEPROM containing correction and calibration factors that were
programmed into the sensor at the factory. The power sensor has an internal temperature sensor that reports
its readings periodically to the microprocessor. The sensor makes all of the required calculations on the
measurement once the measurement frequency has been entered in the “General Settings” area.

10-4 Measurement Factors

The following measurement factors may apply.

Noise and Averaging

To achieve a required reading resolution, particularly at low power levels, averaging is often needed to reduce
noise and steady the displayed power reading. Use the noise vs. resolution table in Table 10-1 and Table 10-2
on page 10-9 to determine the number of averages that will typically be required for a given resolution.
Alternatively, determine the number of averages through calculation by using the noise specifications and the
fact that noise will be inversely proportional to the square root of N, where N is the number of averages. For
example, a CW tone at —45 dBm is to be measured to 0.05 dB resolution. Using Table 10-1 the required number
of averages is 1. The same measurement to 0.01 dB resolution would require 121 averages.

Average Value of Time Varying Signals

When measuring the average power of a time varying or modulated signal with a modulation bandwidth (BW)
which is much greater than the signal channel of the sensor, averaging of the power is performed in the sensor
hardware (detectors and or preamplifiers). For the case of the MA243x0A the signal channel BW is 50 kHz.

Signals modulated at MHz rates will be averaged in the hardware and no special considerations are required.

When measuring signals with modulation frequency components near or below the signal channel bandwidth,
average power readings may be seen to fluctuate over time. This fluctuation may be reduced through careful
selection of the aperture time and averaging number. Ideally, the aperture time should be chosen to be an
integer multiple of the modulation frequency. If this can be done, then the average power reading will be stable
for each measurement update. For modulations with multiple frequencies present, or with significant
modulation components with periods longer than the maximum aperture time (1 sec for MA243x0A) averaging
will have to be increased to obtain a stable reading. If the measurement update rate is very close to the period
of the modulation, a low frequency “beat note” can result. If the frequencies are very close, the beat note can be
very low in frequency, and therefore require very long averaging times to remove. In this case it is suggested
that the aperture time be changed to result in a higher frequency beat which is easier to average out.

Settling Time

The signal channel bandwidth of the MA243x0A series power sensor supports a rise time of about 8 ps. The
ADC sample period is approximately 7.14 ps. Thus it will take more than one ADC sample for the signal
channel hardware to completely settle in response to a step change in input power. The hardware settling time
for the MA243x0A series power sensor can be estimated by assuming a single pole response with 50 kHz

bandwidth:
Settlingtime = —| TxIn S_P
100
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10-4 Measurement Factors Using the MA243x0A

where:
0.35
r=——
(50e—13)
SP = Desired Settling %

= T7e —6 seconds

For small settling percentages, it is quite likely that the noise per ADC sample will be larger than the desired
settling percentage, thus averaging or decimation of ADC samples will have to be used to reduce the noise.
Averaging will, of course, increase the settling time of the measurement in direct proportion to the averaging
number used.

It is important to note that the settling time described above strictly applies only to increasing power steps
(rise time). Settling to decreasing power steps is typically slower. For settling decreasing power steps to

1 % or 0.1 %, the settling will typically be within a factor of 2 or 3 of the calculation above. Settling

to 0.01 % or less may take considerably longer.

Noise and Time Resolution in Scope Mode

In Scope mode (and in all other modes), the MA243x0A is sampling at full speed, which is approximately once
every 7 us. When the period chosen for Scope mode exceeds the number of data points times this period, then
multiple ADC samples are averaged to form each data point. Therefore there is a trade-off between time
resolution (many data points) and trace noise. To minimize trace noise, choose less data points. Of course for
recurrent waveforms, trace averaging can always be used to reduce trace noise if a large number of points is
desired. This would however tend to increase the over-all measurement time.

Optimizing Internal Triggering

Sometimes it can be difficult to obtain consistent triggering in Scope mode. Here are some points to consider
when choosing triggering parameters:

e It is more difficult to trigger on signals which are slowly varying with time. Noise in the signal channel
can result in false triggers. In this case, try setting the trigger level at powers away from the bottoms of
the measurement ranges. The range crossover power for the MA243x0A is 0 dBm nominal between MP
and HP and 20 dBm nominal between LP and MP. Thus it can be advantageous to avoid setting the
trigger at powers just above +2 dBm, and powers just above —18 dBm where the trigger signal is noisy.

e Modulated signals can appear “noisy” and also result in false triggers. In this case, adjusting the trigger
level may not help. Sometimes there may be a portion of the signal with less modulation, or less
“noise-like” modulation which can be triggered on with more success. Try using a different trigger point
and adjusting the trigger delay to shift the waveform in time to see the desired section.

» False triggers due to either noise or noise-like modulation can be reduced by increasing the trigger noise
immunity parameter and invoking hysteresis for the MA243x0A. Using noise immunity will result in a
slight positive trigger delay, but this can be made up for by introducing a negative trigger delay with the
trigger delay parameter.

* The trigger settings should always be optimized before trace averaging is applied. If trace averaging is
used when the trigger is not stabilized, the displayed waveform will not be an accurate representation of
the signal. First optimize the trigger, then apply trace averaging.

10-4 PN: 10585-00020 Rev. V PowerXpert UG
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Using the MA243x0A 10-4 Measurement Factors

Noise Floor in Scope Mode

The noise level or “floor” displayed in Scope mode in PowerXpert when using low averaging may seem to be
higher than what would be expected. This is due to the way noise is dealt with when converting power into
dBm for display. With no input power, the values of the ADC samples vary about some value which
corresponds to zero power. Ideally there are equal number of samples above and below this value. The samples
which are below this value correspond to “negative” power. This is non-physical, and does not truly mean there
is negative power flow to the sensor, it is simply a by product of noise in the signal channel. If these samples
are displayed in linear power units such as mW, then the noise floor will be as expected. However there is a
problem when converting to logarithmic units such as dB. Because taking the logarithm of negative numbers is
not generally allowed, the absolute value of the samples is usually taken before taking the logarithm. This has
the drawback of increasing the average value of the samples, artificially increasing the apparent noise floor.
When the averaging is increased, the noise floor will go down. The apparent noise floor can be estimated using:

NF = 0.8 x noise
where:
NF = the average linear power or noise floor due to taking absolute value of power samples

noise = the noise power in linear units on a 1 sigma basis

PowerXpert UG PN: 10585-00020 Rev. V 10-5
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Using the MA243x0A

10-5 Optimizing the Readings

This section presents information on how to get the fastest readings from the power sensor when using the
Anritsu PowerXpert application or operating under remote control (refer to Chapter 16 for specific remote
programming command descriptions). Measurement speed depends greatly on the type of measurement, the
power level, and stability of the signal. Stability of a measurement is influenced by noise and signal
modulation. If high resolution is required, averaging must be increased.

For the MA243x0A sensors, Table 10-1 describes the number of averages needed to attain a certain noise level
for a particular power level measurement.

Note The values in the following table are typical and should be used as a reference only.
Table 10-1. MA243x0A Sensor Averaging Table (“Continuous Mode”, default settings, 20 ms aperture time)
Number of Number of Number of Number of Number of
Averages Averages Averages Averages Averages
Needed for Needed for Needed for Needed for Needed for
Input Power | Input Power <10.20 dB <10.15dB <10.10 dB <10.05dB <10.01 dB
(dBm) (mW) Noise Noise Noise Noise Noise
20 100.000 1 1 1 1 1
15 31.623 1 1 1 1 1
10 10.000 1 1 1 1 1
5 3.162 1 1 1 1 1
2 1.585 1 1 1 1 1
-5 3.162E-01 1 1 1 1 1
-10 1.000E-01 1 1 1 1 1
-15 3.162E-02 1 1 1 1 1
-18 1.585E-02 1 1 1 1 1
-25 3.162E-03 1 1 1 1 1
-30 1.000E-03 1 1 1 1 1
-35 3.162E-04 1 1 1 1 1
—40 1.000E-04 1 1 1 1 12
—45 3.162E-05 1 1 1 5 121
-50 1.000E-05 3 6 12 49 1206
-55 3.162E-06 31 55 123 487 12061
-60 1.000E-06 315 554 1231 4869 120611
10-6 PN: 10585-00020 Rev. V PowerXpert UG
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Using the MA243x0A 10-5 Optimizing the Readings

Noise Calculations:

2 sigma noise

20dBm > Power > —0dBm

6.30 x 107) (10240 x Points) 1/1

Lo - _ _
nOlse(dB) 1010g|:1 (lo(Power/IO) Time x N

2 sigma noise

0dBm > Power > -20dBm

6.51 x 10—8) (10240 x Points) 1/ 2}

+noise(dB) = 'IOIOg[l - (lo(Power/IO) Time x N

2 sigma noise

—20dBm > Power > -70dBm

3.53 x 108) (10240 x Points) 1/ 2}

o - _
nolse(dB) IOIOg[I (lo(Power/l()) Time x N

where:
Continuous Average Mode: Scope Mode:
Power = Power level being measured in dBm Power = Power level being measured in dBm
Points =1 Points = The number of data points on the scope graph
Time = Aperture time in milliseconds Time = Capture time in milliseconds
N = Number of averages N = Number of averages
PowerXpert UG PN: 10585-00020 Rev. V 10-7
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10-6 Uncertainty of a Measurement

Measurement Uncertainty Calculator

Included at the Anritsu download center is a Microsoft Excel tool for calculating power uncertainty. It contains
two tabs; one that provides measurement uncertainty for each sensor (selectable from a drop-down menu), and
another tab that provides additional uncertainty components and calculated values for the power sensor.

https://www.anritsu.com/en-us/test-measurement/support/downloads/software/dwl003263

Uncertainty Components

Power measurements have many component parts that affect overall measurement uncertainty when
measuring power with the sensor:

Measurement Uncertainty: Measurement uncertainty includes the uncertainty associated with the
correction of frequency and the linearity response of the sensor over the entire dynamic range. Anritsu
follows the industry standard condition of calibrating the power-sensing element at a reference power of
0 dBm (1 mW) and an ambient temperature of 25 °C.

Temperature Compensation: Sensor Temperature Compensation describes the relative power level
response over the dynamic range of the sensor. Temperature Compensation should be considered when
operating the sensor at other than room temperature.

Noise, Zero Set, and Zero Drift: These are factors within the sensor that impact measurement
accuracy at the bottom of the power sensor’s dynamic range.

Mismatch Uncertainty: Mismatch uncertainty is typically the largest component of measurement
uncertainty. The error is caused by the differing impedances between the power sensor and the devices
to which the power sensor is connected. Mismatch uncertainty can be calculated as follows:

% Mismatch Uncertainty = 100[|1 + ;T2 — 1]

dB Mismatch Uncertainty = 20log|1 + 1y
where:

I'; is the reflection coefficient of the power sensor

I'5 is the reflection coefficient of the device

Uncertainty examples are shown in Table 10-2 on page 10-9.

10-8
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10-6 Uncertainty of a Measurement

Uncertainty Examples

Two measurement uncertainty calculations are shown for the MA243x0A sensor in Table 10-2. The power
sensor is used to measure the power of a 3 GHz, +10.0 dBm and —50 dBm CW signal from a signal source with
a 1.3:1 VSWR. The example is based on an aperture time of 20 ms and 64 measurement averages.

Table 10-2. MA243x0A Measurement Uncertainty Example

Uncertainty | Uncertainty Adjusted Adjusted
Specification | Specification Uncertainty | Uncertainty
Uncertainty at +10 dBm | at-50 dBm Probability at +10 dBm | at —-50 dBm
Term (%) (%) Distribution Divisor (%) (%)
_ Linearity and 2.80 2.80 Normal at 26 2 1.40 1.40
Calibration Factor
Noise 1.00 Normal at 2 2 0.50 0.16
Zero Set 0.97 Rectangular \3 0.56 0.18
Zero Drift 0 0.89 Normal at 2 2 0.45 0.14
Mismatch 1.94 1.94 Rectangular \3 1.12 1.12
Combined
Uncertainty
(RSS) 1.79 1.99
30 °C
Expanded
Uncertainty V\fth 359 3.99
K=2,
30°C
Table 10-3. Noise Measurement Uncertainty Calculations for the MA243x0A senors
Noise Calculations at 10 dBm (10 mW):
Noise | 1.78 nW/10 mW = 0%
Zero Set | 15.6 nW/10 mW = 0%
Zero Drift | 17.2 nW/10 mW = 0%
Noise Calculations at -50 dBm (10 nW)
Noise | 99.8 pW/10 nW = 1.00%
Zero Set | 96.8 pW/10 nW = 0.97%
Zero Drift | 89 pW/10 nW = 0.89%
PowerXpert UG PN: 10585-00020 Rev. V 10-9
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10-7 Error Messages

Error messages are described in Table 10-4. The status LED for MA243x0A models will blink green when an
error state occurs. In most cases, the error condition can be easily corrected. If the error condition cannot be
corrected, note the error message and contact an Anritsu Service Center.

Table 10-4. MA243x0A Error Messages

Message

Description

Resolution

"Temp Change > 10 °C
after Last Zero, Zero Again"

The sensor’s ambient temperature has changed
by more than 10 °C since the last zero
operation.

Perform the zero operation again.

Temp Out of Range

The sensor is operating outside of its specified
range of 0 °C to 50 °C.

Operate the sensor within its
specified range.

Remove Power from
Sensor, Zero Again

This message appears if the zero operation is
unsuccessful. The reason could be the
presence of RF power at the input of the sensor.

Turn off the RF input to the sensor
or disconnect the sensor from the
RF source and try the zero
operation again.

REDUCE POWER, Max
Power Exceeded

This message appears on the application
screen if excess power is applied to the sensor.

Reduce the input power to the
sensor to within acceptable limits
(< 20 dBm).

10-10
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Chapter 11 — Verifying MA243x0A

Performance

11-1 Introduction

This chapter provides test procedures with measurement recording tables, test equipment setups, and
verification tables to verify the measurement accuracy of the MA24330A, MA24340A, and MA24350A Power
Sensors. Test and verification is performed by comparing the sensor to a reference sensor with a specified cal
factor and linearity performance or uncertainty. The reference sensor should be calibrated by a reputable
standards laboratory using NIST instruments with low published measurement uncertainty values. Sensor

test limits in these procedures are set appropriately to the specified comparison equipment. All tests must be
performed at an ambient temperature of 20 °C to 25 °C to optimize the power sensor’s performance.

Note

Refer to the instrument Technical Data Sheet for performance specifications.

11-2 Required Equipment

Table 11-1. Required Equipment for MA243x0A

Equipment Description

Manufacturer and
Model

Critical Specifications

Vector Network Analyzer

Anritsu
MS4644B (40GHz)
MS4645B (50GHz)

Reflection Coefficient

UNC <0.015, 10MHz to 50MHz
UNC <0.012, 50MHz to 18GHz
UNC <0.016, 18 to 33GHz
UNC <0.021, 33 to 40GHz
UNC < 0.024, 40 to 50GHz

Synthesizer

Anritsu
MG3694C (40GHz)
MG3695C (50GHz)

Output Power = +15 dBm, 50 MHz to 40 GHz
Output Power Setting Resolution: 0.01dBm
Harmonics <—40 dBc

Source VSWR <2.0

Reference Power Meter Anritsu Instrumentation Accuracy < 0.5 %
ML2438A

Reference Power Sensor Anritsu NIST Calibration or equivalent
MA24004A (40GHz)
MA24005A (50GHz)

10 dB Attenuator Anritsu VSWR <1.10, 10 MHz to 12 GHz

41KC-10 (40GHz)
41V-10 (50GHz)

VSWR <1.15,> 12 GHz to 18 GHz
VSWR <£1.18, > 18 GHz to 26.5 GHz
VSWR <1.28, > 26.5 GHz to 40 GHz

Power Splitter

Anritsu
K241C (40GHz
V241C (50GHz)

Effective Output VSWR < 2.0, DC to 18 GHz
Effective Output VSWR < 2.3, 18 GHz to 40 GHz
Effective Output VSWR < 2.6, 40 GHz to 50 GHz

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

PowerXpert UG
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11-3 VSWR Pretest Verifying MA243x0A Performance

11-3 VSWR Pretest

The uncertainty of the VSWR test equipment will affect actual measurement values.

Test Procedure

Caution Do not apply power greater than the power sensor specifications or permanent damage may result.
Connect a fixed attenuator to the output connector when power exceeds +20 dBm.
. Before connecting the power sensor to a another device, read the “Instrument Care and
Caution . . ”
Preventive Maintenance” on page 1-3.

Using required equipment suggested in Table 11-1 on page 11-1, follow the manufacturer’s S11 (input return
loss) calibration procedure to perform calibration on the network analyzer. Connect the power sensor to the
network analyzer test port and measure power sensor input match. Typically, return loss are expressed in dB,
which can be interconverted to Reflection Coefficient and VSWR as follows:

p = 10°RL/20
RL = —-20logp

VSWR=(1+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 11-2 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 sensor’s reflection coefficient specification. If the Actual
Measurement reflection coefficient is larger than the Maximum Reflection Coefficient, then the power sensor
may be defective. If the actual reflection coefficient is significantly larger than the maximum values in

Table 11-2, then the sensor is damaged and it is not necessary to perform further testing

Table 11-2. VSWR Pretest Measurement Result

Reflection Coefficient Maximum Reflection
Frequency Uncertainty Coefficient Actual Measurement

10 MHz to 50 MHz 0.015 0.310+0.015 = 0.325
50 MHz to 150 MHz 0.013 0.078+0.013 = 0.092
150 MHz to 2 GHz 0.012 0.038+0.012 = 0.050
2 GHz to 6 GHz 0.011 0.074+0.011 = 0.085
6 GHz to 18 GHz 0.011 0.095+0.011 = 0.106
18 GHz to 33 GHz 0.016 0.127+0.016 = 0.143
33 GHz to 40 GHz 0.021 0.180+0.021 = 0.201
40 GHz to 50 GHz 0.024 0.200+0.024 = 0.224
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11-4 Frequency Response Test

In this test the frequency response of the sensor is tested at one low power level against a reference sensor of
known measurement uncertainty. The reference sensor should be calibrated by a reputable standards
laboratory using instruments with low published measurement uncertainty values. To perform the
comparison, both sensors 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 MA243x0A

1. Set up the equipment as follows (refer to Figure 11-1 for an illustration and Table 11-1 for the required
equipment):

a.

b
c.
d

®

o]

Preset all test equipment.

. Connect the sensor cable between the reference power sensor and power meter.

Connect the USB cable between the computer and MA243x0A.

. 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)

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

MA243x0A

 5.10dBm

Index

Description

Reference Power Meter

Reference Power Sensor

Adapter

10 dB Attenuator

A B WDN

PC with Anritsu PowerXpert Application

6

Synthesizer

Figure 11-1. MA243x0A Frequency Response Setup

2. Perform a power sensor Zero and a 1mW reference calibration on the reference sensor and meter.

3. Set synthesizer power to 5dBm and frequency to 50MHz CW. Turn On RF output.

4. Apply the Cal Factor to the reference sensor.

5. Record the power indicated by the reference meter in Table 11-3.

PowerXpert UG PN: 10585-00020 Rev. V 11-3
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Verifying MA243x0A Performance

© O S

11.
12.
13.
14.
15.
16.
17.

. Set synthesizer frequency to the next frequency in Table 11-3.

. Repeat Steps 4 through 6 until all frequencies are measured.

. Perform a low-level Zero of MA243x0A by clicking the Zero button on PowerXpert.
10.

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

Set Averages to 64 on PowerXpert.

Enter test frequency in GHz on PowerXpert.

Record the power indicated by the MA243x0A.

Set synthesizer frequency to the next frequency.

Repeat Steps 12 through 14 until all frequencies are measured

. Turn Off RF output. Disconnect the reference sensor and connect MA243x0A to the attenuator.

Calculate the absolute difference between the Reference power and MA243x0A measurement.

Compare the power difference to the maximum allowed difference specified. If the difference exceeds the
maximum allowed difference, contact Anritsu Customer Service.

Table 11-3. MA243x0A Test Measurement Results

A B |A-B|
MA243x0A
Absolute Value of Maximum
Reference Power MA243x0A Difference in Power Allowed

Frequency Measurement Measurement Measurements Difference
(GHz) (dBm) (dBm) (dB) (dB)
0.05 0.31
1.0 0.29
5.0 0.33
10.0 0.37
15.0 0.38
20.0 0.62
25.0 0.62
30.0 0.62
35.0 0.62
40.0 0.62
45.0 0.62
50.0 0.62
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11-5 Linearity Test MA243x0A

The linearity correction of the MA243x0A is compared to a thermal power sensor, which has very good inherent
linearity over a power range of about —17 dBm to +4 dBm. For this reason, the MA243x0A is compared to the
thermal sensor in two ranges, keeping the power levels to the thermal sensor in the range of —17 to +4 dBm,
while the power to the MA243x0A varies from about —28 to about +14 dBm.

Test Procedure

1. Set up the equipment as follows (refer to Figure 11-2 for an illustration and Table 11-1 for the required
equipment):

a. Preset all test equipment.

b. Connect the sensor cable between the reference power sensor and power meter.
c. Connect the USB cable between the computer and MA243x0A.

d. Launch the PowerXpert application.

®

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

o]

Connect the power splitter to the synthesizer, and the 10 dB attenuator to the reference arm of the
splitter output.

Connect the reference sensor and adapter (if required) to the 10 dB attenuator.

h. Connect the MA243x0A and adapter (if required) to the other splitter output.

w

i. Turn Off synthesizer RF output.

PowerXpert UG PN: 10585-00020 Rev. V 11-5
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‘Eﬁ - @ D o @

iexai

MA243x0A

Index Description

1 Reference Power Meter

Reference Power Sensor

Adapter (if required)

10 dB Attenuator

Power Splitter

Adapter (if required)

PC with Anritsu PowerXpert Application
8 Synthesizer

N O O A WDN

Figure 11-2. Linearity Test Setup 1

2. Perform a power sensor Zero and a 1mW reference calibration on the reference sensor and meter.
3. Perform a low-level Zero of MA243x0A by clicking the Zero button on PowerXpert.

4. Set synthesizer power to +20dBm (or highest leveled power < +20dBm) and frequency to 50MHz CW.
Turn On RF output.

5. Apply Cal factor to the reference sensor.
6. Set Averages to 64 and enter test frequency in GHz on PowerXpert.
7. Record data for the first 20 dB range as follows:
a. Record the power reading by the reference meter in column A of Table 11-4
b. Record the power reading by the MA243x0A in column B of Table 11-4
c. Repeat the measurement at synthesizer output level of +15, +10, +5, and 0 dBm.
8. Turn Off Synthesizer RF output

Note The MA243x0A power measured at 0 dBm will be used in Step 9d, below.
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9. Set up the test for the second 20 dB range as follows:

a.
b.

Remove the 10 dB attenuator from in between the reference sensor directly to the splitter.

Remove the MA243x0A from the splitter and connect the 10 dB attenuator between the splitter
and the power sensor (see Figure 11-3).

Turn On the synthesizer’s RF output.

d. Set the synthesizer output level to +10 dBm, then adjust its power level until MA243x0A reads as

close as possible to the value recorded in column B row 5. Record the resulting power level in
column B, row 6 of Table 11-4.

Record the power indicated by the reference meter in column A of row 6.

f. Repeat the measurement at synthesizer output level of +5, 0, —5 and —10dBm.

MA243x0A

Index

Description

Reference Power Meter

Reference Power Sensor

Adapter (if required)

Power Spilitter

10 dB Attenuator

Adapter (if required)

N O O A W N

PC with Anritsu PowerXpert Application

8

Synthesizer

Figure 11-3. Linearity Test Setup 2
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Table 11-4. Measurement Results (50 MHz)

B c1 c2 D E F
Synth Attenin | Attenin A DUT
Row | nominal Ref Arm | TestArm | RefPower | Power AB-A5 B6-B5 A+C B5-D5 (D-B)+E
# | level (dBm) (dB) (dB) (dBm) (dBm) (dB) (dB) (dBm) (dB) Diff (dB)
1 20 10 0
2 15 10 0
3 10 10 0
4 10 0
5 10 0
6 10 0 10
7 0 10
8 0 0 10
9 -5 0 10
10 -10 0 10
1" max
12 min
13 delta

10. Perform the calculations as follows:

a.

Subtract the Reference Power Measurement of row 5, column A from the Reference Power
Measurement of row 6, column A. Record this value in the column C1, rows 1 through 5.

Note

Column C1, rows 1 through 5 should all have the same value. The correction column rows 6 through
10 have values of 0.

g.

h.

Subtract the value in row 5 column B from that in row 6 column B. Copy the result into rows 6
through 10 of column C2.

For each row in column D, add the values of the same row of column A and columns C1 through C2
(a blank has value 0 dB).

. Subtract the value of row 5 column D from that of row 5 column B. Record this values in column E

rows 1 thorough 10.

For each row in column F compute the value by subtracting the value of column B from that in
column D and then adding the value from column E.

Find the largest (most positive) value in the column F, rows 1 through 10, and record this value
next to the word Max in row11.

Find the smallest value in column F, rows 1 through 10, and record this value next to the word
Min in row 12.

Subtract the Min value from the Max value and record the result next to the word Delta in row 13.
The Delta result should be less than 0.3 dB. If it is larger, contact Anritsu Customer Service.

11. Repeat the entire measurement and calculation with synthesizer frequency at 1 GHz, 5 to 50GHz in
5GHz step.
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Chapter 12 — Using Power Master with
PowerXpert

12-1 Introduction

This chapter refers to using the Anritsu MA245xxA Power Master power analyzer with PowerXpert. If using
USB Power Sensors, see Chapter 3, “Using USB Power Sensors with PowerXpert”.

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

e “Continuous Mode” on page 12-6
¢ “Power Hunter Mode” on page 12-9
¢ “Channel Monitor Mode” on page 12-13

When operating the MA245xxA Power Master, the MA241xxx Series, MA242xxx and MA243xxx
Note USB power sensors can be connected to make separate power measurements simultaneously in
Continuous Mode. For details, see “Multiple Sensor Display” on page 12-22.

12-2 Connect Power Master

Connect the USB connector side of the Power Master to the PC with a USB cable. PowerXpert detects and
displays the sensor model number and serial number in PowerXpert as described in “Zero Sensor”

on page 12-18. This may take a few seconds for the connection to be detected and displayed. PowerXpert
always starts up in the default state of the connected sensor. Upon disconnection from PowerXpert, the Power
Master resets and after reconnection, restarts in the default state.

PowerXpert UG PN: 10585-00020 Rev. V 12-1
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12-3 PowerXpert Settings with Power Master

Using Power Master with PowerXpert

12-3 PowerXpert Settings with Power Master

PowerXpert always starts up in the default state of the connected sensor. Upon disconnection from
PowerXpert, the Power Master resets. When reconnected, PowerXpert starts in the default state. The
PowerXpert features and settings with Power Master models are displayed in Table 12-1.

Table 12-1. PowerXpert with Power Master Compatibility Table (1 of 2)

Power Master Analyzers

PowerXpert Features with Power Master

MA24507A

MA24510A

Duty Cycle

Relative Mode

x| X

Units

x| X

Aperture time -

Forward Power -

Reverse Power -

Peak Power -

Center Freq and Span

X
Resolution X
X

Continuous Range

Mode Crest Factor -

CCDF -

Burst Average -

Reflection Coeff -

Return-loss -

VSWR -

Video BW -

Measurement
Channel Power X
CW Max

Measurement Hold X

Number of slots -

Time Slot Slot width -

Mode Start exclusion -

End exclusion -

Capture time -

Data points -

Scope Gate start -

Mode Gate end -

Fence start -

Fence end -

List Mode | -SLie -

Output file -

12-2 PN: 10585-00020 Rev. V
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Using Power Master with PowerXpert

12-3 PowerXpert Settings with Power Master

Table 12-1. PowerXpert with Power Master Compatibility Table (2 of 2)

PowerXpert Features with Power Master

Power Master Analyzers

MA24507A

MA24510A

General
Settings

Zero sensor

Frequency

Auto average

Auto avgsrc

Averaging method

Averages

Offset

X[ X

Step Detect

Range

Trigger

Source

Arm Type

Level

Edge

Delay

Noise Immunity

Hold Off

Hysteresis

More Settings

Modulation Type

Tools

Advanced Features

Zero All Sensors

Capture Screen

Log data

Show Multiple Sensor Display

Offset Table

Update Firmware

View Summary

Settings

Save/Recall setup

Reset to factory settings

Set sensor timeout

Secure Mode

PowerXpert UG
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12-4 PowerXpert Overview Using Power Master with PowerXpert

12-4 PowerXpert Overview

Using the MA245xxA Power Master with PowerXpert provides a user interface as shown in Figure 12-1.

P4 Anritsy PowerXpert /‘ E o|l@| =
w ® | @ a B
=2 ez (?) - &
Continuous, Tim= St Scop: L | Mutor | Moy

el Sefings Tools
Continueus Moce Socke! | MA24507A | 123456785 ’ Chanrel power [ Avgs BGHz 0

T M/24350A, Protol3

- MAR4507A, 1234567t
Centerfrn £

Gertertrequnts [Ghz -]
Span I I I
[]
an urits
ive

o -]

[dBm =) ||« I » [[tog Jata: OFF

F 3@
£ & o
3

Power vs Time

Range Upper -

Measurement hold Off -]

General Seings

Averages

°

ffact (4B)

7

537

nter marker | Save Graph

Index Description

1 Toolbar - See “Toolbar” on page 12-5.

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

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

3 “Continuous Mode Numerical Display Area” on page 12-8, “Power Hunter Status Window”
on page 12-11, " on page 12-14.
4 The display graticule provides power versus time representation of the power measurement

waveform,“Graticule Settings and Graphical Display Area”.
These lower task bar parameter settings are available to select and change manually. Changes to

5 these settings are applied by pressing the Enter key. (The lower task bar parameter settings are used
in Continuous mode only.)
6 Click Apply above settings to apply the user selected settings changes. Changes to the settings will

not take effect until after clicking this bar.

7 This side panel displays the settings for the mode of operation selected.

Figure 12-1. Anritsu PowerXpert Application GUI Overview
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Using Power Master with PowerXpert 12-5 Toolbar

12-5 Toolbar

The PowerXpert power sensor Tool Bar provides the following modes:
e “Continuous Mode” on page 12-6
¢ “Power Hunter Mode” on page 12-9
e “Channel Monitor Mode” on page 12-13
The Tool Bar consists of the following menus.
Tools: ¢ “Zero All Sensors” on page 12-19
e “Capture Screen” on page 12-20
e “Log Data” on page 12-20
¢ “Multiple Sensor Display” on page 12-22
Settings: See “Settings Menu” on page 12-23.
Help: See “Help” on page 12-23.

12-6 Sensor Information

When using multiple power sensors along with the Power Master, the parameters and numerical and graphical
displays are associated with the selected sensor from the Sensor Information area. See Figure 12-2. When
multiple sensor’s serial numbers are displayed, click on the serial number to view. When removing a Power
Master or power sensor, disconnect the device’s USB connection at the Computer USB port. The Power Master
and other 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 “Multiple Sensor Display” on page 12-22, but multiple MA245xxA Power
Masters on the same PC is currently not supported.

Anritsu PowerXpert SIEIEN
] U @ 'Y
A Power  Channel @ P ﬁ
Comfinuous Tim= Skt Seope Lt Huter  Monitor Help Settings Tools
Continuous Mode Sensor Ifomation Socket | MAZ4507A | gs_serial_nu Chanmel power TAgs | BGHz | 000dE
Mode =) - MAZ4507A, gs_serial_
= S/N: gs_serial_r
Centerfreq S \
o s
Span 1 FPGA: BAD CMI - m
L]
Spanunks
Relane
Unts ‘ i + | og Data: OFF Hol Zeroed

Figure 12-2. Selecting an analyzer or power sensor
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12-7 Continuous Mode Using Power Master with PowerXpert

12-7 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 Master is “continuously triggered” and collects data
at all times. The Continuous Mode window below contains the following information.

[ P Anritsu Powerxpert =B8] %
. R @ 2

[ERR Timc Skt Scope fower - Chamel Help Settings s
Continuous Mode Sensor Information Socket MA24507A | gs_seral_nu Channel power 1 Avgs 35 GHz 0.00dB
T, [E— - MAZ4507A, gs_serial_
Certerfreq 3B
Centerfreq units \GHZ v|
Span 1 — I I l
Span units [MHz | -
Relative o -]
Urits (dBm M « i + |[Log Data: OFF =
Flesolien Power vs Time
Range |Upuer A \
Measuremer nt hold [Off -

General Setfings
Averages

Offset (dB) 0 “ |‘
H ‘ | { ‘ ‘ “
fHt | ‘ | ‘ ‘
*""q“hu\ \H‘wh'l " ‘| '
""w T I i | I
i \
} | \ "‘
Continuous Mode
Setting Options/Range
Measurement Channel Power / CW Max
Center Frequency
(MA24507A) 9.5 kHz to 70 GHz - 500 Hz
Center Frequency
(MA24510A) 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 1 to 1000

Offset (dB) —100 to +150

Apply Above Settings Select Activates Settings

Figure 12-3. Continuous Mode User Interface Screen
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Using Power Master with PowerXpert 12-8 Continuous Mode Settings

12-8 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.

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

Table 12-2. Power Master Operating Power Range

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

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.

Measurement Hold

When set to On, the measurement holds the last sensor readings. When set to Off, the sensor continues to
sample measurements.
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12-8 Continuous Mode Settings Using Power Master with PowerXpert

Continuous Mode Display Settings

The parameter settings available below the display screen provide control of the graticule power vs time
settings. See Figure 12-4

Time span (min) - Power Max (dBm) - Power Min (dBm) - Scale Mode Manual ~ | Centermarker Save Graph |

O ® O 6O

Index

Description

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. Set to Manual to change Power Max (1) and Power Min (2) settings.

A B W N =

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

6

Save Graph: Opens the save dialog. Saves the currently shown graph data into a csv file.

Figure 12-4. Graticule Power Vs Time Settings

Continuous Mode Numerical Display Area

The Continuous Mode numerical display window contains the following information:

YRYP PP}

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

-120.70 dBm-—©®

Log Data: OFF

Index

Description

Communications port type used to connect the sensor.

Model number of the connected power sensor.

Serial number of the connected power sensor.

Channel power or CW max mode

Averaging count

Center frequency

Fixed offset value

o Nlolal Al WD

Numerical reading with units of measure or task message displayed.

Data Logging status

Figure 12-5. PowerXpert Numerical Display Area
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Using Power Master with PowerXpert

12-9 Power Hunter Mode

12-9 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] Anritsu PowerXpert =B & |
Moo @ 3 &
Power Hunter
Minimum power {dBm} | 0
AZZE:"‘”D‘ 1 Ch Frequency (GHz) Power {dBm) ACh1(dB)
3 34.215 -33.04 -0.58
4 34.2762 -33.05 -0.59
5 34.0035 -34.79 -1.43
6 34.3182 -35.01 -1.65
Power Hunter Mode
Setting Options/Range
Start frequency
(MA24507A) 9.5 kHz to 70 GHz - 1 kHz
Start frequency
(MA24510A) 9.5 kHz to 110 GHz - 1 kHz
Stop frequency
(MA24507A) 70 GHz
Stop frequency
(MA24510A) 110 GHz
Start / stop freq units kHz, MHz, GHz

Units

dBm, nW, yW, mW, W

Resolution

Low, Medium, High

Set minimum power

Selected or not

Minimum power -130 to 0 dBm
General Settings

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

Apply Above Settings

Select Activates Settings

Figure 12-6. Power Hunter Mode User Interface Screen
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12-10 Power Hunter Settings Using Power Master with PowerXpert

12-10 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 Master 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 (dABm, nW, uyW, 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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Using Power Master with PowerXpert 12-10 Power Hunter Settings

Power Hunter Status Window

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

Y9 P9

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

Power Hunter—®

Log Data: OFF

ol

Index Description

1 Communications port type used to connect the sensor.

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 Nfo|lal Ml WD

Indicates that PowerXpert is in Power Hunter mode.

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

Figure 12-7. Power Hunter Numerical Display Area
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12-10 Power Hunter Settings

Using Power Master with PowerXpert

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)

4 Ch 1(dB)

2 16.501 4.08 266
3 16.666 3.82 292
4 16.167 213 461
2 15.802 -2.01 8.75
b 15.334 213 8.87

Figure 12-8. Power Hunter Mode Measurement Display Area
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Using Power Master with PowerXpert 12-11 Channel Monitor Mode

12-11 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 12-9. Channel Monitor Mode User Interface Screen

PowerXpert UG PN: 10585-00020 Rev. V 12-13

www.tehencom.com



12-12 Channel Monitor Mode Settings Using Power Master with PowerXpert

12-12 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 (dABm, nW, uyW, 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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Using Power Master with PowerXpert 12-12 Channel Monitor Mode Settings

Channel Monitor Mode Display Area

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

VY P 9 @

Socket MA24507A | gs_seral_nu Channel power 1 Avgs 0.00dB

Channel
Monitor

Index Description
1 Communications port type used to connect the sensor.
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 12-10.Channel Monitor Numerical Display Area
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12-12 Channel Monitor Mode Settings Using Power Master with PowerXpert

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) Faower (dBm) A Ch 1(dB)
1 13 0.03 -

2 16 -0.07 -0.10

3 17 -0.04 -0.07

4 18 -0.03 -0.06

3 19 -0.27 -0.30

6 20 -0.37 -0.40

Figure 12-11. Channel Monitor Mode Measurement Display Area
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Using Power Master with PowerXpert 12-13 Graticule Settings and Graphical Display Area

12-13 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

%N

'.\‘|U"-"”"‘ﬂ‘-"1-"‘|i"a,l

Time span (min} Power Max (dBm) Power Min (dBm) Scale Mode Auto ~ | Center marker Save Grap

Index |Description
1 The vertical scale displays the power level in dBm, regardless of the Units settings of dBm, uW, mWw,
or W from the “Continuous Mode” settings area.
2 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
3 (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.
4 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.
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 upper power level for the vertical scale. Not available when set to Automatic.
5 Power Min (dBm): Sets lower power level for the vertical scale. Not available when set to Automatic

Scale Mode: Sets the vertical scaling to Automatic or Manual.
Center marker: Set the cursor to the center of the graticule and displays the center (x, y) parameters.
Save Graph: Opens the save dialog. Saves the currently shown graph data into a .csv file

Settings are applied by pressing the Enter key

Figure 12-12.PowerXpert Graphical Display Area (Continuous Average Mode)
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12-13 Graticule Settings and Graphical Display Area Using Power Master with PowerXpert

Zero Sensor

Zeroing is not necessary for the MA245xxA Power Master. When selecting Multiple Analyzer Display, see
“Multiple Sensor Display” on page 12-22 from the Tools menu, “T'ools Menu” on page 12-19 it will be necessary
to Zero the MA24208A, MA24218A, MA24330A, MA24340A, and the MA24350A USB power sensors before

making measurements.

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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Using Power Master with PowerXpert 12-14 Tools Menu

12-14 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.

Tools
Zemo Al Sensors

Capture screen...

Log Data...

Show Multiple Sensar Display...
(Offset Table

Update Fimware...

View Summary...

Advanced Features 3

Figure 12-13.Tools Menu

Zero All Sensors

The MA245xxA Power Master 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 12-18

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 “Zero Sensor” on page 12-18 or “Multiple Sensor Display” on page 12-22.

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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12-14 Tools Menu Using Power Master with PowerXpert

Capture Screen

The Capture Screen utility captures a PowerXpert screenshot and displays the Save image dialog. Save the
image in BMP, JPEG, PNG, or GIF file formats.

Save image =

(&S] b 2004080 on BFLOREKDS b Windows (C2) b my documents » [ 44 |[ Search my documents o

Organize ~  Newfolder =y @

~ Name - Date modified Type Size
apm
L archive J2ELASPM  File folder
) &, Windows (C)

3 MOH Group Drive (0:)

iome
2 Home Directory (V)
N My Web Sites on MSN

S Aniitsu Netwark

Filename:  imagel bmp

Save astype: |BMP file (".bmp) -‘

Figure 12-14.Save Image Dialog

Log Data

The Log Data feature records 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 12-15.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.

e 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:

e yyyy: Four-digit year

¢ mm: One- or two-digit month

e dd: One- or two-digit day

* hhmmss: Two digit hours (24-hour clock), minutes, and seconds
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Using Power Master with PowerXpert

12-14 Tools Menu

Sample log data is shown in a Microsoft Excel spreadsheet file below:

EDN DS R W NV W N

n

o w N o

Initial setup information

Sensor Model

Sensor Serial No
Frequency

Fixed Offset
Enhanced Modulation

Sample Interval

Any setup information is not updated during data logging.

15:55:11
15:55:11
15:55:11
15:55:11
15:55:11
15:55:11
15:55:11
15:55:11
15:55:11
15:55:11
15:55:12
15:55:12
15:55:12
15:55:12
15:55:12

MA24218A
204
2 GHz
0 dB
ON
Full Speed

-16.712 dBm
-16.691 dBm
-16.696 dBm

-16.75 dBm
-16.744 dBm
-16.704 dBm
-16.731 dBm
-16.748 dBm
-16.749 dBm

-16.68 dBm
-16.796 dBm

-16.76 dBm
-16.747 dBm
-16.626 dBm

-16.74 dBm

Figure 12-16.Log Data Enhanced Modulation On

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

W N U B WN

o e
N = O

w

NN N E R e
N » O LN » &

W

24

Initial setup information

Sensor Model

Sensor Serial No

Frequency

Fixed Offset

Sample Interval

Any setup information is not updated during data logging.
15:54:19
15:54:19
15:54:19
15:54:19
15:54:19
15:54:19
15:54:19
15:54:19
15:54:19
15:54:20
15:54:20
15:54:23
15:54:24
15:54:24
15:54:24
15:54:24
15:54:24

MA24218A
204
2 GHz
0 dB
Full Speed

-30.409 dBm
-30.478 dBm
-30.494 dBm
-30.446 dBm
-30.403 dBm
-30.429 dBm
-30.427 dBm
-30.391 dBm
-30.417 dBm
-30.428 dBm
-30.365 dBm
-30.412 dBm
-30.463 dBm
-30.435 dBm
-30.382 dBm
-30.398 dBm
-30.404 dBm

Figure 12-17.Log Data Enhanced Modulation Off

PowerXpert UG
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12-14 Tools Menu Using Power Master with PowerXpert

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 Master and the MA241xxA, MA242xxA and MA243xxA USB power sensors.

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

The Multiple Sensor Display provides an active sensor status. See Figure 12-18. 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 Master). 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 | Port Num Model Serial Avgs Freq Offset

Scope Mode --

Log Data:0FF Zeroed Log Data: Not Zeroed
Socket | MA24507A 1601001 1Avgs 35.00 00048 Port Num Mode! Serial Avgs Freq Offset

-51.03 dBm -

Log Data:OFF Mot Zeroed Log Data: Not Zeroed
uss MAZ43504 1520002 14vgs 200GHz | 0.00dB Port Num Model Serial Avgs Freq Dffset
Average Power

-0.34 dBm --

Log Data:0FF | Enh Mod: OFF| Step Det ON Zeroed Log Data: Not Zeroed
Port Num Model Serial Avgs Freq Offset Port Num Wodel Serial Avgs Freq Offset

Log Data Hot Zeroed Log Data Not Zeroed

Figure 12-18.Multiple Sensor Display

The settings displayed in each measurement window apply to that power sensor or Power Master. To change a
device’s settings, access that power sensor or Power Master by going to the Sensor Information menu and
select the sensor serial number of the device. Refer to Figure 12-19.

Channel
Monitor

Power
Hunter

Sensar Information
- MAZ4118A, 0851615

+- MAZ24507A, 1601001
+-- MAZ243504, 1520002

Figure 12-19.Sensor Information Menu
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Using Power Master with PowerXpert 12-15 Settings Menu

12-15 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 “Multiple Sensor Display” on page 12-22.

.‘\:\I
-
Seftings

Save/Recall Setup...

Reset to Factory Settings

Set Sensor Time Out....

Secure Mode

Figure 12-20.Settings Menu

Resetting to Factory Settings

This selection resets the PowerXpert settings to the default state.

No Sensor Display

Port Mum Model SeralMNo Channel power Avgs Cal Freq Offset

No Sensor

Log Data: OFF Mot Zeroed

Figure 12-21.No Sensor Connected
A No Sensor message will display when PowerXpert does not detect the Power Master or sensor connection. If
this occurs:

1. Close the application and disconnect the Power Master or power sensor.

2. Open the PowerXpert application and reconnect the Power Master or power sensor.

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

12-16 Help

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

E Abaut PoneXper = Bl 52
/nritsu

Copyright (C) 2008-2020 Anritsu Compary. All rights reserved
This application is compatible with all Anritsu USB power Sensors.

Anritsu PowerXpert Software V 1.0

http:/Awwew anritsu.com

Figure 12-22.About PowerXpert
PowerXpert UG PN: 10585-00020 Rev. V 12-23
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Chapter 13 — Using Power Master

13-1

Introduction

This chapter describes using the MA245xxA Power Master power analyzer with the Anritsu PowerXpert PC
application buttons and menus described in Chapter 12, “Using Power Master with PowerXpert”. If an Anritsu
series handheld instrument is being used with the MA245xxA Power Master, refer to the user documentation

that came with the handheld instrument for procedures on operating external power sensors.

Power Master Connector Overview

The MA245xxA Power Master connectors are shown in Figure 13-1.

MA245xxA

Index

Description

MA245xxA Power Master

RF input: V male
RF input: W1 male

Trigger Port (Inactive)

Status LED

Al WIN

USB Type C Port (for connection with a PC or Anritsu handheld instrument)

5

Reference Port (for service only)

Figure 13-1. MA245xxA Power Master Connectors Overview

PowerXpert UG PN: 10585-00020 Rev. V
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13-2 Basic Power Measurement Using Power Master

13-2 Basic Power Measurement

This section provides steps and information to make basic power measurements with the Power Master and
PowerXpert. To perform a power measurement:

1. Connect the Power Master to a computer as shown in Figure 13-2.

2. Open the Anritsu PowerXpert application.

Caution Do not apply power greater than the power sensor specifications or permanent damage may result.
Connect a fixed attenuator to the output connector when power exceeds +20 dBm.
. Before connecting the power sensor to a another device, read the “Instrument Care and
Caution . . ”
Preventive Maintenance” on page 1-3.

o 3

-39.36 dBm

Optional
Attenuator

N R ; @‘g E
- j { ... S
aabe-

Figure 13-2. Measurement Setup

)

[

3. Connect the RF source to the RF IN port of the Power Master. 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 Master, observe the following practice for tightening the
connection:

1. While holding the body of the Power Master in one hand, turn the male connector nut to finger-tighten
the connection. Do not turn the body of the Power Master 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-lb torque wrench (Anritsu part number: 01-201).

Zeroing the Power Master

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

13-2 PN: 10585-00020 Rev. V PowerXpert UG
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Using Power Master 13-3 Error Messages

13-3 Error Messages

Error messages are described in Table 13-1. The status LED for MA245xxA Power Master will blink green
when an error state occurs. In most cases, the error condition can be easily corrected. If the error condition
cannot be corrected, note the error message and contact an Anritsu Service Center.

Table 13-1. MA245xxA Power Master Error Messages

Message Description Resolution
Temp Out of Range The Power Master is operating outside of its Operate the Power Master 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.
Master. Reduce the input power to the
Power Master to within
acceptable limits (< 20 dBm).

PowerXpert UG PN: 10585-00020 Rev. V 13-3
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Chapter 14 — Verifying MA245xxA
Performance

14-1 Introduction

This chapter provides test procedures with measurement recording tables, test equipment setups, and
verification tables to verify the measurement accuracy of the MA245xxA Power Master power analyzer. Test
and verification is performed by comparing the Power Master to a reference power sensor or Power Master
with a specified cal factor and uncertainty. The reference sensor should be calibrated by a reputable standards
laboratory using NIST instruments with low published measurement uncertainty values. Sensor test limits in
these procedures are set appropriately to the specified comparison equipment. All tests must be performed at
an ambient temperature of 20 °C to 25 °C to optimize the power sensor’s performance.

Note Refer to the instrument Technical Data Sheet for performance specifications.

14-2 Required Equipment

Required Equipment for MA24507A Power Master is listed in Table 14-1. Required Equipment for MA24510A Power
Master is listed in Table 14-2.

Table 14-1. Required Equipment for MA24507A Power Master

Manufacturer and
Equipment Description Model Critical Specifications

Vector Network Analyzer Anritsu Reflection Coefficient

MS4647B (70 GHz) 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 Frequency range 50 MHz to 67 GHz
MG3697C (70 GHz) Output power +5 dBm

Output SWR <2.0

Reference Power Meter Rhode Schwarz NRP2 | Instrumentation Accuracy < 0.5 %

Reference Power Sensor Rhode Schwarz NIST Calibration or equivalent
NRP-Z57 (67 GHz)

10 dB Attenuator Anritsu VSWR <1.15, DC to 12 GHz
41V-10 (60 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
PowerXpert UG PN: 10585-00020 Rev. V 14-1
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14-2 Required Equipment

Verifying MA245xxA Performance

Table 14-2. 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
ND75110GOPO

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

3656B
Personal Computer Any See Chapter 2

14-2
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Verifying MA245xxA Performance 14-3 VSWR Verification

14-3 VSWR Verification

The uncertainty of the VSWR test equipment will affect actual measurement values.

Test Procedure

Caution Do not apply power greater than the power sensor specifications or permanent damage may result.
Connect a fixed attenuator to the output connector when power exceeds +20 dBm.
. Before connecting the power sensor to a another device, read the “Instrument Care and
Caution . . ”
Preventive Maintenance” on page 1-3.

Using required equipment suggested in Table 14-1 on page 14-1, follow the manufacturer’s S11 (input return
loss) calibration procedure to perform calibration on the vector network analyzer. Connect the Power Master to
the vector network analyzer test port and measure the Power Master 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=1+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

For the MA24507A, record the measured data into Table 14-3 under the Actual Measurement column. For the
MAZ24510A, record the measured data into Table 14-4 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 Master’s reflection coefficient
specification. If the Actual Measurement reflection coefficient is larger than the Maximum Reflection
Coefficient, then the Power Master may be defective. If the actual reflection coefficient is significantly larger
than the maximum values recorded, then the Power Master is damaged and it is not necessary to perform
further testing.

PowerXpert UG PN: 10585-00020 Rev. V 14-3
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14-3 VSWR Verification

Verifying MA245xxA Performance

Table 14-3. 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
26.5 to 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

Table 14-4. 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 to 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 to 110 GHz 0.028 0.355+0.028=0.383

14-4
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Verifying MA245xxA Performance 14-4 Frequency Response Test

14-4 Frequency Response Test

The frequency response of the Power Master is tested at one low power level against a reference power sensor
or Power Master of known measurement uncertainty. The reference power sensor or Power Master 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 Masters 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

1. Set up the equipment as follows (refer to Figure 14-1 for an illustration and Table 14-1 for the required
equipment):

a. Preset all test equipment.

. Reference power sensor and power meter (if needed). Not shown in the Figure 14-1.

. 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).

. Connect the reference sensor to the attenuator.

=2 S T B - PR I =2

. Turn Off synthesizer RF output.

2

=l [ -
MA245XXA

39 36 dBm

L]
1T
e

Index |Description

1 Synthesizer
2 10 dB Attenuator
3 Adapter

4 PC with Anritsu PowerXpert Application

Figure 14-1. MA245xxA Power Master < 67 GHz Frequency Response Setup
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Frequency Response Test Verifying MA245xxA Performance

—_

r—-—=-=-n" | 3 1
| Frequency | £
| Multiplier 1™ o

[

|

nnnnnnn

-39.36 dBm

¥ 'Q) MA24510A

jﬂlll
64

Index |Description

1 Synthesizer

2 Frequency Multiplier

3 PC with Anritsu PowerXpert Application

Figure 14-2. MA24510A Power Master 71 to 110 GHz Frequency Response Setup

2.
3
4.
5
6
7

o]

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 14-5.

. Set synthesizer frequency to the next frequency in Table 14-5.
. Repeat Steps 3 through 6 until all frequencies are measured.

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

attenuator.

. 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.

¢ 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.

14-6
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Verifying MA245xxA Performance

14-4 Frequency Response Test

Table 14-5. 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

PowerXpert UG

PN: 10585-00020 Rev. V
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Chapter 15 — Programming Commands for
USB Power Sensors

15-1 Introduction
This chapter describes the supported remote programming commands for each power sensor model.
Programming commands are classified into three main groups with the following functions and modes:
Section 15-5 “General Purpose Commands”
Section 15-6 “Mode Commands”

¢ “Continuous Average Mode (CA Mode)”

e “Time Slot Mode”

e “Scope Mode”

e “List Mode”
Section 15-7 “Trigger Commands”

* “Trigger Source”

e “Trigger Level”

e “Trigger Edge”

e “Trigger Delay”

e “Trigger Noise Immunity”

¢ “Trigger Arming”

The MA241xxA series sensor default start up in the HOLD mode (the START command is sent to put the
sensor in RUN mode).

The MA242x8A and MA243x0A series sensor default start-up state is RUN mode (the CHOLD command is
sent to put the sensor in RUN mode).

15-2 Remote Operation Command Summary

Table 15-1 provides a summary of the power sensor and command compatibility.

Table 15-1. Remote Command Summary

< < < < < < < < <

[52] (2] o0 o0 ({=] 0 0 o

o o o = - N = - 3

-~ -~ ~ - - - N N o]

< < < < < < < < <

g 2,22 2|8 |§8|¢§]¢

Command = = = s = s = = =

General Commands

AUTOAVG - - - X X X X X X

AUTOAVG? - - - X X X X X X

AUTOAVGRES - - - X X X X X X

AUTOAVGRES? - - - X X X X X X

AUTOAVGSRC - - - X X X X X X

AUTOAVGSRC? - - - X X X X X X

AVGCNT X X - X X X X X X
PowerXpert UG PN: 10585-00020 Rev. V 15-1
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15-2 Remote Operation Command Summary Programming Commands for USB Power Sensors

Table 15-1. Remote Command Summary

< < < < < < < < <
s | ¢ | ¢ | & | £ |8 |8 | 5§ | &
N N N N S S N S N
Command s s s s s s s s s
AVGCNT? X X - X X X X X X
AVGRST X X - X X X X X X
AVGTYP - - - X X X X X X
AVGTYP? - - - X X X X X X
BUFFER_READ X
FULL ) - - - - - X X
BUFFER_SIZE - - - - - - X X X
BUFFER_SIZE? - - - - - - X X X
BUFFER_STATE - - - - - - X X X
BUFFER_STATE? - - - - - - X X X
CALDATE X X - X X X X X X
CALREV? - - - - - - X X X
CCDFTHRESH X X - - - - - - -
CCDFTHRESH? X X - - - - - - -
CHOLD X X - X X X X X X
CHOLD? X X - X X X X X X
CWDUTY X X - X X X X X X
CWDUTY? X X - X X X X X X
CWREL - - - X X X X X X
CWREL? - - - X X X X X X
DELETE - - - X X X X X X
ENHMOD - - - - - - X X X
ENHMOD? - - - - - - X X X
FORWARD X X - - - - - - -
FORWARD? X X - - - - - - -
FREQ X X X X X X X X X
FREQ? X X X X X X X X X
FULLBUF - - - X X X - - -
HAT - - X - - - - - -
IDN? X X X X X X X X X
*IDN? - - - - - - X X X
IDNFPGA? - - - - - - X X X
LAT - - X - - - - - -
LOADLIST - - - - - - X X X
LISTSTART - - - - - - X X X
MODTYPE X X - - - - - - -
MODTYPE? X X - - - - - - -
NPWR? - - X - - - - - -
15-2 PN: 10585-00020 Rev. V PowerXpert UG
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Programming Commands for USB Power Sensors 15-2 Remote Operation Command Summary

Table 15-1. Remote Command Summary

< < < < < < < < <

g | 8 | g |8 | g | & 8| 2| g

3 3 3 3 3 3 3 3 3

Command s s s s = s s s s
PWR? X X X X X X X X X
PWRALL X X - - - - - -
RDBUF - - - - - X
RECALL - - - X X
REVERSE X X - - - - - - -
REVERSE? X X - - - - - - -
RST X X - X X X X X X
SAVE X X - X X X X X X
SETRNG X X - X X X X X X
SETRNG? X X - X X X X X X
START X X X X X X X X X
STATUS? X X X X X X X X X
STOP X X X X X X X X X
TMP? X X X X X X X X X
VIDEOBW X X - - - - - - -
VIDEOBW? X X - - - - - - -
ZERO X X X X X X X X X
Mode Commands
CHAPERT - - - X X X X X X
CHAPERT? - - - e X X X X X
CHMOD - - - X X X X X X
CHMOD? - - - X X X X X X
GATEPARAMS - - - X X X X X X
GATEPARAMS? - - - X X X X X X
GATEVALUES? - - - X X X X X X
GENABLE - - - X X X X X X
GENABLE? - - - X X X X X X
SCOPEPARAMS - - - X X X X X X
SCOPEPARAMS? - - - X X X X X X
STEPDETECT - - - - - - X X X
STEPDETECT? - - - - - - X X X
TRGARMTYP - - - X X X X X X
TRGARMTYP? - - - X X X X X X
TRGDLY - - - X X X X X X
TRGDLY? - - - X X X X X X
TRGEDG - - - X X X X X X
TRGEDG? - - - X X X X X X
PowerXpert UG PN: 10585-00020 Rev. V 15-3
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15-3 System Setup Programming Commands for USB Power Sensors

Table 15-1. Remote Command Summary

< < < < < < < < <

s | ¢ | ¢ | & | £ |8 |8 | 5§ | &

N N N N S S N S N

commana | 8 | 3 | 2 | £ | F |2 | & | F | 2
TRGHOLDDLY - - - - - - X X X
TRGHOLDDLY? - - - - - X X X
TRGHYST - - - - - - X X X
TRGHYST - - - - - - X X X
TRGHYST? - - - - - - X X X
TRGIMM - - - X X X X X X
TRGLVL - - - X X X X X X
TRGLVL? - - - X X X X X X
TRGNOISE - - - X X X - - -
TRGNOISE? - - - X X X - - -
TRGSRC - - - X X X X X X
TRGSRC? - - - X X X X X X
TSLTPARAMS - - - X X X X X X
TSLTPARAMS? - - - e X X X X X

15-3 System Setup

Device Driver for MS Window

The power sensor device drivers, .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
senor online. The device driver can be installed manually, or automatically installed by the PowerXpert
installation. To install manually, the device driver files are located in PowerXpert’s default installation driver
folder, which can be found in C:\Program Files (x86)\Anritsu\PowerXpert\Drivers, or user selected
installation path: \and MA243x0A.

Remote Programming Interface

The MA241xxA power sensors utilize Serial over USB communication, so remote commands can be sent to
power sensor manually or using standard serial port connection. For manual command operation, a serial port
terminal application, such as Windows XP HyperTerminal can be used. For automated command operation, an
application such as PowerXpert, can connect to the power sensor using a standard serial port connection.
Information on a demo application and its source code can be found in “MA241xxA Series Demo Application”
on page A-1.

The MA241xxA Series Power Sensors are also compatible with National Instruments VISA through serial
connection.

The MA242x8A and MA243x0A power sensors utilize USB 2.0 technology for speed, which requires
applications to use USB application programming interface (API) to communicate with power sensor.
PowerXpert utilizes the Anritsu Sensor Driver. Information on an Anritsu Sensor Driver demo application and
its source code can be found in “Using the MA242x8A, MA243x0A Series Demo Application” on page A-2.

The MA242x8A and MA243x0A Series Power Sensors can also be controlled remotely using National
Instruments VISA using USB raw mode.
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Model Comparison for Remote Programming

Table 15-2. Model Comparison

<< < < < < < < <

™M w0 © (<0} e © [ce] © (=)

o o o o ~— N o — X

- — ~— ~ ~ ~ AN (qV] ™

< < < < < < < < <

o N (9V] (9V] A (9V] (9] (9V] Al

< < < < < < < < <

S = = = = = = = =

Serial X X X X X - } }

USB 2.0 - - - - - X X X
USBPID| FF80 FFC9 FFCE FFCB FFCF FF82 FF82 FF82

15-4 Programming the Sensor

Send and Receive Format

Every communication with the power sensor must be suffixed with the line feed (LF) character (ASCII 0x0A).
Every response from the sensor is also suffixed with the same character (except when using Microsoft
HyperTerminal, which uses a carriage return as the identifier). The sensor rejects any command without the
line feed character with a NO TERM response. 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:

¢ 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 firmware truncates the number to 2000.

¢ For the MA24x08A, MA24x18A, MA24126A and MA243x0A sensors, use only two digits after the
decimal in floating point arguments (except FREQ, which uses four digits after the decimal, and gate
parameters, which allow three digits after decimal).

HyperTerminal

Only the MA24103A, MA24105A, MA24x08A, MA24x18A, MA24126A and MA243x0A sensors are compatible
with Windows HyperTerminal for Windows 8.1 or greater. When programming the sensor with
HyperTerminal, the carriage return is used as the termination character instead of a new line. The
HyperTerminal port should be configured with a baud rate of 9600 bits per second. To properly format the
commands and responses for HyperTerminal, the following check boxes should be checked in Properties |
Settings | ASCII Setup:

¢ Send line ends with line feeds

* Echo typed characters locally

e Append line feeds to incoming line ends

Time Resolution

The maximum time resolution of the sensor is 10 us, hence all of the time arguments have a 10 us resolution.
This does not apply to the MA24103A and MA24105A.

PowerXpert UG PN: 10585-00020 Rev. V 15-5
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Sampling Rate

The MA24108A, MA24118A, and MA24126A sensors have two sampling rates. For “Continuous Mode”

on page 3-7 and Internal “Trigger Source” on page 3-23, the sensor has a sampling time of 6.8288 us or a
sampling frequency of 146.438 kHz. External “Trigger Source” has a sampling time of 7.3347 us, or a sampling
frequency of 136.338 kHz.

The MA242x8A sensors have 1 sample rate for all modes including Continuous Average, Scope, Time Slot, and
internal / external trigger modes. The sensor has a sampling time of 7.14 pus or a sampling frequency of 140.056
kHz.

The MA243x0A sensors have 1 sample rate for all modes including Continuous Average, Scope, and internal /
external trigger modes. The sensor has a sampling time of 7.14 pus or a sampling frequency of 140.056 kHz.

Error Responses

Any unrecognized command is rejected by the sensor with a BAD CMD message. A valid command coupled with
an invalid command is rejected by the sensor with an ERR message. A command failure is also indicated by the
sensor with an ERR message.

Default Sensor Settings
The sensor settings in Table 15-3 apply to the MA24103A and MA24105A.

Table 15-3. General Default Sensor Settings, MA24103A and MA24105A

Setting Command Default Value
Mode of Operation | FORWARD Continuous Forward Mode
REVERSE Continuous Reverse Mode
Measurement Frequency | FREQ 0.35 GHz
Number of Averages | AVGCNT 1
Range | SETRNG Auto range (0)

The sensor settings in Table 15-4, Table 15-5 and Table 15-7 apply to the MA24x08A, MA24x18A, MA24126A,
MA243x0A.

Table 15-4. General Default Sensor Settings, MA24x08A, MA24x18A, MA24126A, MA243x0A

Setting Command Default Value
Mode of Operation | CHMOD “Continuous Average Mode (CA Mode)”
(0)
Measurement Frequency | FREQ 0.010 GHz (MA24108A, MA24118A,
MA24126A)
2 GHz (MA24208A, MA24218A.
MA243x0A)
Averaging Algorithm | AVGTYP Moving (0)
Number of Averages | AVGCNT 1
Auto Averaging | AUTOAVG Off (0)
Auto Averaging Source | AUTOAVGSRC 1
Auto Average Resolution | AUTOAVGRES 0.01 (2)
Range | SETRNG Auto range (0)
Step Detect | STEPDETECT On (1)
15-6 PN: 10585-00020 Rev. V PowerXpert UG
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15-4 Programming the Sensor

Table 15-5. Continuous Average Mode Default Sensor Settings, MA24x08A, MA24x18A, MA24126A, MA243x0A

Setting Command Default Value
Aperture Time | CHAPERT 20 ms
Duty Cycle Correction | CWDUTY 100 %
Relative Mode | CWREL Off (0)

Table 15-6. Default buffer command settings (Continuous mode only for MA24x08A, MA24x18A, MA24126A,

MA243x0A
Setting Command Default Value
Buffer Size continuous mode | BUFFER SIZE 8192
Sensor Hold State | CHOLD 0 (RUN)
Enhancement Modulation | ENHMOD OFF

Table 15-7. Time Slot Mode Default Sensor Settings, MA24x08A, MA24x18A, MA24126A

Setting Command Default Value
Number of Slots | TSLTPARAMS 8
Slot Width | TSLTPARAMS 10 ms
Start Exclusion | TSLTPARAMS 0.02 ms
End Exclusion | TSLTPARAMS 0.02 ms

Table 15-8. Scope Mode Default Sensor Settings, MA24x08A, MA24x18A, MA24126A, MA243x0A

Setting Command Default Value
Capture Time | SCOPEPARAMS 20 ms
Number of Points | SCOPEPARAMS 200
Gate | GENABLE Disabled (0)
Gate Start | GATEPARAMS 0 ms
Gate End | GATEPARAMS 20 ms
Fence Start | GATEPARAMS 0ms
Fence End | GATEPARAMS 0 ms

PowerXpert UG
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Programming Commands for USB Power Sensors

Table 15-9. Trigger Default Sensor Settings, MA24x08A, MA24x18A, MA24126A, MA243x0A

Setting Command Default Value
Trigger Source | TRGSRC Continuous (0)
Trigger Arm Type | TRGARMTYP Standby (3)
Trigger Level | TRGLVL 0 dBm
Trigger Edge | TRGEDG Positive (0)
Trigger Delay | TRGDLY 0ms
Trigger Hold Delay | TRGHOLDDLY 0 ms
Trigger Noise Parameter | TRGNOISE 1
(Only for MA24108A,
MA24118A, and MA24126A)
Hysteresis (for MA242x8A | TRGHYST 0dB

and MA243x0A)

15-8
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15-5 General Purpose Commands

General purpose commands are used to set/read the general settings of the sensor. These commands are not
mode or trigger dependent. All of the commands for the MA24103A, MA24105A and MA24106A sensors are
described in this section. Most of the commands in this section are compatible with the MA24x08A, MA24x18A,
MA24126A and MA243x0A sensors.

For successful remote operations ensure:

¢ Usage of Remote commands are performed in correct sequence, modes based on the

Not ‘Description.
ote
* Read the ‘Return Value’ completely from the power sensor.
Example some commands expect user to read ‘ok’ or data from a query command or the complete
buffer, based on the data size set (e.g. RDBUF, BUFFER_READ_FULL).
START

Description: Sets the sensor to measurement mode from the idle mode.
Syntax: START +LF
Return Value: OK

Remarks: This command starts a MA241xxA sensor measuring, if it is in HOLD mode. The
MA241xxA sensors default setting is HOLD mode. Therefore, the first command sent to
the sensor is typically START. If the sensor is already in RUN mode, then no change will
occur when using the START command - although an OK response will still be sent.

The MA242x8A and MA243x0A sensors' default setting is RUN mode. If the sensors are
in HOLD mode, START is not the command to change the mode to RUN. This is
accomplished using the CHOLD command. The START command will be accepted, but no
action will be taken.

Note: MA242x8A and MA243x0A sensors do not need START command to start as they
start in run mode by default. Sending command to MA242x8A and MA243x0A doesn’t do
anything but returns OK for compatibility reasons and not break existing programs. If
MA242x8A and MA243x0A is in HOLD mode it will still stay in HOLD mode. To change
MA242x8A and MA243x0A sensors from HOLD to RUN mode, CHOLD command should
be used.

Compatible Sensor: MA24103A, MA24105A, MA24106A, MA24x08A, MA24x18A, MA24126A, MA243x0A

STOP
Description: Sets the power sensor to idle mode.
Syntax: STOP +LF
Return Value: OK

Remarks: This command should be sent before exiting the application. MA242x8A and MA243x0A
models do not change the power sensor to Idle Mode, this can be achieved using CHMOD
command. MA242x8A and MA243x0A does not change the mode to HOLD, this can be
achieved using CHOLD command.

Compatible Sensor: MA24103A, MA24105A, MA24106A, MA24x08A, MA24x18A, MA24126A, MA243x0A

PowerXpert UG PN: 10585-00020 Rev. V 15-9
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IDN?

Description:
Syntax:

Return Value:
Compatible Sensor:

*IDN?

Description:
Syntax:

Return Value:
Compatible Sensor:

IDNFPGA®?

Description:
Syntax:

Return Value:
Compatible Sensor:

CALDATE

Description:
Syntax:
Return Value:

Remark:

Compatible Sensor:

CALREV?

Description:
Syntax:
Return Value:

Compatible Sensor:

Gets the identification information from the sensor.

IDN? +LF

ANRITSU, Model #, Serial #, Module Serial #, firmware version.

MA24103A, MA24105A, MA24106A, MA24x08A, MA24x18A, MA24126A, MA243x0A

Gets the identification information from the sensor
*IDN? +LF

ANRITSU, Model #, Serial #, firmware version.
MA24208A, MA24218A, MA243x0A

Gets FPGA Version from the sensor
IDNFPGA? +LF
yyyymmdd_HHMMSS

MA24208A, MA24218A. MA243x0A

Returns the last calibration date of the sensor.

CALDATE +LF

MA241xxA Calibration date format of the sensor in mm/dd/yyyy format.

MA242x8A and MA243x0A Calibration date format of the sensor mm/dd/yyyy hh:mm:ss
The MA242xxA sensors also include a time in the CALDATE response

MA24103A, MA24105A, MA24x08A, MA24x18A, MA24126A, MA243x0A

Returns the version number of the calibration file in the sensor.
CALREV? +LF

Version number of the calibration file in #.# format

MA242xxA, MA243x0A

15-10
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15-5 General Purpose Commands

PWR?

Description:

Syntax:

Return Value:

Remarks:

Compatible Sensor:

PWRALL

Description:
Syntax:
Return Value:

Remarks:

Compatible Sensor:

NPWR?

Description:
Syntax:
Return Value:

Remarks:

Compatible Sensor:

Gets the current power reading (in dBm) from the sensor output buffer in the Continuous
Average mode.

PWR? +LF

Power value in dBm or ERR

For the MA24103A and MA24105A, two values (Forward and Reverse power value in
dBm) are returned. The return value for this reading is a comma separated value (for
example; return value “2.55,-0.228” means the forward power is +2.55 dBm and the
reverse power is — 0.228 dBm).

If an error condition exists, “e” precedes the output and the sensor’s LED turns amber
color. For the MA242x8A and MA243x0A models, if an error condition exists, “e”
precedes the output and the sensor’s LED blinks green. Use the STATUS? command for
details about the error.

This command returns an error (“ERR”) if used in Slot or Scope modes.

This command returns “busy” if used in repeat average mode with immediate trigger (if
the sensor has not completed the averaging cycle).

In simple repeat average mode, it will echo the latest value from the buffer. The buffer
will update only when the averaging cycle is complete.

In moving average mode, it will return the current power reading in the buffer.
MA24103A, MA24105A, MA24106A, MA24x08A, MA24x18A, MA24126A, MA243x0A

Gets all the measurements shown in Return Value
PWRALL +LF

Forward average power, Crest Factor, Burst Average Manual, Peak Envelope Power,
Reverse Average Power, Reflection Coefficient, Return Loss, Standing Wave Ratio

Returns comma separated values in the sequence shown in the return value above.

MA24103A, MA24105A

Gets a new power reading from the power sensor.
NPWR? +LF
Current Power value in dBm

After receiving this command, the power sensor discards the existing data that is stored
in the sensor’s buffer. A new measurement of the current power is initiated to get a new
power reading. If an error condition exists, the returned power reading values are
pre-tagged with the letter “E” and the sensor’s LED turns amber color. The STATUS?
command can then be issued to find details about the error.

MA24106A

PowerXpert UG
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FREQ
Description:
Syntax:
Return Value:
Remarks:

Compatible Sensor:

FREQ?
Description:
Syntax:
Return Value:

Compatible Sensor:

ZERO
Description:
Syntax:
Return Value:

Remarks:

Compatible Sensor:

Sets the current calibration factor frequency value for the power sensor.
FREQ <freg> +LF
OK or ERR

The frequency <freq> value is in GHz and must be within the operating limits of the
power sensor.

For the MA24103A, resolution is 0.0001 GHz (100 kHz) between 0.350 GHz and 1 GHz.
For the MA24105A, resolution is 0.0001 GHz (100 kHz) between 0.350 GHz and 4 GHz.
For the MA24106A, resolution is 0.000001 GHz (1 kHz) between 0.050 GHz and 6 GHz.
For the MA24108A, resolution is 0.0001 GHz (100 kHz) between 0.010 GHz and 8 GHz.
For the MA24118A, resolution is 0.0001 GHz (100 kHz) between 0.010 GHz and 18 GHz.
For the MA24126A, resolution is 0.0001 GHz (100 kHz) between 0.010 GHz and 26 GHz.
For the MA24208A, resolution is 0.000001 GHz (1 kHz) between 0.01 GHz and 8 GHz.
For the MA24218A, resolution is 0.000001 GHz (1 kHz) between 0.01 GHz and 18 GHz.
For the MA243x0A, resolution is 0.000001 GHz (1 kHz) between 0.01 GHz and 50 GHz.
MA24103A, MA24105A, MA24106A, MA24x08A, MA24x18A, MA24126A, MA243x0A

Gets the current calibration factor frequency value of the power sensor.

FREQ? +LF

Current calibration factor frequency in GHz.

MA24103A, MA24105A, MA24106A, MA24x08A, MA24x18A, MA24126A, MA243x0A

Zeros the power sensor.
ZERO +LF
OK if zero 1s successful or ERR if zero fails.

Zeroing the sensor is essential for taking accurate readings as it cancels any offsets in the
preamplifiers and channel noise. The sensor should be zeroed without any input RF
power. In case of zero failure, the STATUS? command can be used to retrieve more detail
about the error.

For the MA24103A and MA24105A, zeroing the sensor takes approximately 75 seconds to
complete and will take at least this long to get a response from the sensor.

For all other models, zeroing the sensor takes approximately 25 seconds to complete and
will take at least this long to get a response from the sensor.

MA24103A, MA24105A, MA24106A, MA24x08A, MA24x18A, MA24126A, MA243x0A
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TMP?

Description:

Syntax:

Return Value:

Compatible Sensor:

Gets the current temperature reading from the sensor.

The MA24103A and MA24105A acquire the current temperature reading from both
forward and reverse temperature sensors. The return value for this reading is a comma
separated value (for example; 25,28).

MA24106A, MA24x08A, MA24x18A, MA24126A and MA243x0A return value for this
reading is a single decimal value (for example 30.62).

T™MP? +LF

Current temperature reading of the sensor in degrees Celsius.

On the MA24103A and MA24105A, current temperature reading of Forward and Reverse
in degrees Celsius. The return value for this reading is a comma separated value (for
example; return value “25,28” means the forward temperature is 25 degrees Celsius and
the reverse temperature is 28 degrees Celsius).

MA24103A, MA24105A, MA24106A, MA24x08A, MA24x18A, MA24126A, MA243x0A

PowerXpert UG
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STATUS?

Description:
Syntax:
Return Value:

Remarks:

For the MA241xxA Models

Gets the current error status codes from the sensor.
STATUS? +LF

0 (No errors) or error codes.

For the MA24106A, the error status codes are as follows:

Status.b0: ZERO_TEMP_ERROR (Temperature changed more than allowable limit
after zeroing sensor)

Status.b1: Not Used

Status.b2: ADC_CH2_OR (Temperature over range)

Status.b3: ADC_CHS3_OR (Detector A over ranged)

Status.b4: ZERO_ERROR_DET A

Status.b5: ZERO_ERROR_DET B

Status.b6: TEMP_ERROR (Temperature beyond operating range)

Status.b7: Not Used

For the MA24103A and MA24105A, the error status codes are 16-bit numbers, each bit of
which represents an error:

Bit 0: Temperature change of more than 10 °C after zeroing
Bit 1: Operating temperature over range < 0 °C or > 60 °C
Bit 2: Forward low zeroing error

Bit 3: Forward high zeroing error

Bit 4: Reverse zeroing error

Bit 5: PEP zeroing error

Bit 6: CCDF zeroing error

Bit 7: Forward high over range

Bit 8: Reverse over range

Bit 9: PEP over range

Bit 10: Flash Data Error

For the MA24108, MA24118A, MA24126A, the error status codes are 16-bit numbers,
each bit of which represents an error:

Bit 0: Temperature change of more than 10 °C after zeroing

Bit 1: Operating temperature over range < 0 °C or > 60 °C

Bit 2: Detector A zeroing error

Bit 3: Detector B zeroing error

Bit 4: Detector A over range

Compatible Sensor: MA24103A, MA24105A, MMA24106A, MA24108A, MA24118A, MA24126A
For the MA242x8A and MA243x0A Models

Description:
Syntax:
Return Value:

Gets the current error status codes from the sensor.
STATUS? +LF
Error status codes.

Bit 0: Temperature change of more than 10 °C after zeroing
Bit 1: Operating temperature over range < 0 °C or > 60 °C
Bit 2: High Power Detector zeroing error

Bit 3: Mid Power Detector zeroing error

Bit 4: High Power Detector over range

Bit 5: Low Power Detector zeroing error

Compatible Sensor: MA24208A, MA24218A, MA243x0A
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HAT

Description:
Syntax:
Return Value:
Remarks:

Compatible Sensor:

LAT

Description:
Syntax:
Return Value:
Remarks:

Compatible Sensor:

RST

Description:

Syntax:
Return Value:

Compatible Sensor:

CHOLD

Description:
Syntax:
Return Value:

Remarks:

Compatible Sensor:

CHOLD?

Description:
Syntax:
Return Value:

Remarks:

Compatible Sensor:

Sets the high aperture time mode.
HAT +LF
OK or ERR

This command will put the sensor in high aperture time mode. In this mode, the A to D
converter integration time is about 160 milliseconds.

MA24106A

Sets the low aperture time mode.
LAT +LF
OK or ERR

This command will put the sensor in low aperture time mode. In this mode, the A to D
converter integration time is about 10 milliseconds. This mode is the default mode for the
sensor when powered up.

MA24106A

Resets the sensor to factory default settings.

Note: RST does not set FULLBUF to factory defaults for models MA24108A, MA2418A,
MA24126A.

RST +LF
OK
MA24103A, MA24105A, MA24x08A, MA24x18A, MA24126A, MA243x0A

Sets the current power sensor state.

CHOLD <state> +LF

OK or ERR

<state> is an integer value that represents a specific mode:

0—Run
1 — Hold

MA24103A, MA24105A, MA24x08A, MA24x18A, MA24126A, MA243x0A

Gets the current power sensor state.
CHOLD? +LF
An integer value.

This command queries the sensor state. Returned value can be:
0 — Run
1 — Hold

MA24103A, MA24105A, MA24x08A, MA24x18A, MA24126A, MA243x0A
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SETRNG
Description: Sets the detector range of the sensor.
Syntax: SETRNG <det range> +LF
Return Value: OK or ERR
Remarks: <det_range> is an integer with the following values:

For MA24103A, MA24105A, <det_range> is an integer with the following values:
0 — Auto Range

1 — Low Power (covers the power range from +3 dBm to +38 dBm)

2 — High Power (covers the power range from >+38 dBm to +51.76 dBm)

3-N/A

For MA241xxA, <det_range> is an integer with the following values:
0 — Auto Range

1 — Channel A (covers the power range from +20 dBm to +7 dBm)

2 — Channel B (covers the power range from <—7 dBm to —40 dBm)
3-N/A

For MA242x8A, <det_range> is an integer with the following values:
0 — Auto Range

1 — Channel A (covers the power range from +20 dBm to +4 dBm)

2 — Channel B (covers the power range from <+4 dBm to —16 dBm)

3 — Channel C (covers the power range from <-16 dBm to —60 dBm).

For MA243x0A, <det_range> is an integer with the following values:
0 — Auto Range

1 — Channel A (covers the power range from +20 dBm to +4 dBm)

2 — Channel B (covers the power range from <+4 dBm to —16 dBm)

3 — Channel C (covers the power range from <-—16 dBm to —70 dBm).

Compatible Sensor: MA24103A, MA24105A, MA24x08A, MA24x18A, MA24126A, MA243x0A
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SETRNG?

Description:
Syntax:

Return Value:

Compatible Sensor

SAVE

Description

Syntax:
Return Value:
Remarks:

Compatible Sensor

DELETE

Description

Syntax:
Return Value:

Compatible Sensor

Gets the detector range setting of the sensor.
SETRNG? +LF

An integer with the following values:

For MA24103A, MA24105A, <det_range> is an integer with the following values:
0 — Auto Range

1 — Low Power (covers the power range from +3 dBm to +38 dBm)

2 — High Power (covers the power range from >+38 dBm to +51.76 dBm)

3-N/A

For MA241xxA, <det_range> is an integer with the following values:
0 — Auto Range

1 — Channel A (covers the power range from +20 dBm to +7 dBm)

2 — Channel B (covers the power range from <—7 dBm to —40 dBm)
3-N/A

For MA242x8A, <det_range> is an integer with the following values:
0 — Auto Range

1 — Channel A (covers the power range from +20 dBm to +4 dBm)

2 — Channel B (covers the power range from <+4 dBm to —16 dBm)

3 — Channel C (covers the power range from <—16 dBm to —60 dBm).

For MA243x0A, <det_range> is an integer with the following values:
0 — Auto Range

1 — Channel A (covers the power range from +20 dBm to +4 dBm)

2 — Channel B (covers the power range from <+4 dBm to —16 dBm)

3 — Channel C (covers the power range from <—16 dBm to —70 dBm).

MA24103A, MA24105A, MA24x08A, MA24x18A, MA24126A, MA243x0A

Saves a user defined setup to the power sensor.
SAVE <setup> +LF
OK or ERR

<setup> is an integer from 1 to 10 that is translated into a storage location. Therefore,
there are 10 presets the user can store.ERR is returned if <setup> is out of range.

Trigger Arm Type, Sensor Timeout, Scale Mode settings, Units, and a fixed Offset value
will not be stored as part of the saved setup and therefore will not be recalled.

MA24103A, MA24105A, MA24x08A, MA24x18A, MA24126A, MA243x0A

Deletes all user defined setups in the power sensor.
DELETE +LF

OK or ERR

MA24x08A, MA24x18A, MA24126A, MA243x0A

PowerXpert UG

PN: 10585-00020 Rev. V 15-17

www.tehencom.com



15-5 General Purpose Commands Programming Commands for USB Power Sensors

RECALL
Description:
Syntax:
Return Value:
Remarks:

Compatible Sensor:

RDBUF
Description:
Syntax:
Return Value:

Remarks:

Compatible Sensor:

Recalls one of the 10 user defined setups from the power sensor.
RECALL <setup> +LF
OK or ERR

<setup> is an integer from 1 to 10 that is translated into a storage location. Hence, there
are 10 presets the user can recall from. ERR is returned if <setup> is out of range.

Trigger Arm Type, Sensor Timeout, Scale Mode settings, Units, and a fixed Offset value
are not stored as part of the saved setup and therefore will not be recalled.

MA24x08A, MA24x18A, MA24126A, MA243x0A

Reads the buffer in Scope and Time Slot modes.
RDBUF +LF

Returned power values are separated by a comma (,) and the buffer is prefixed and
suffixed by $(the dollar sign) to mark the beginning and end of the buffer.

This command is used to read out the entire array of points for the recent measurement
run from the sensor output buffer. The output buffer contains readings from Scope and
Time Slot modes for the MA242x8A power sensor and Scope mode only for the MA243x0A
power sensor. Time Slot mode is not applicable to the MA243x0A.

The power readings are in mW. For the MA241xxA power sensors, each power reading
has six digits after the decimal point (0.000001 mW). For the MA242x8A and MA243x0A
power sensors, each power reading has seven digits after the decimal point

(0.0000001 mW)

In case of an error, “e” precedes the output. Use the STATUS? command for details
about the error. If the gate (discussed in “Scope Mode”) is enabled, then the gate average
power is also suffixed at the end of the output. For example, for four points with gate
enabled, the RDBUF response is:

$,<P1>,<P2>,<P3>,<P4>,5$,<GP>

Time Slot mode with 4 slots will send out the buffer as:
$,-3.233454,0.124355,0.233443,0.223456, 5%

MA24x08A, MA24x18A, MA24126A
MA243x0A for Scope mode only. Time Slot mode does is not applicable for the
MA243x0A.
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FULLBUF
Description:
Syntax:
Return Value:
Remarks:

Compatible Sensor:

Sets the full sensor enable.
FULLBUF <n> +LF
OK or ERR

<n>is an integer value that represents a specific mode:
0 — Off
1-0On

This command has effect only if the sensor is internally or externally triggered. If full
buffer is turned ON, the sensor will return the full buffer in triggered mode (default
operation). If full buffer is turned OFF, the sensor only returns the gated average power
value enclosed in the $(dollar sign). For example: $,3.54546,$

If the sensor is in Slot mode or the gates are turned off, the sensor returns:
$,Sensor triggered, output is disabled,$

In case of an error, “e” followed by the error code precedes the output. For example:
e25%$,2.565677,$

or

e25%,Sensor triggered,

MA24108A, MA24118A, MA24126A

output is disabled, $

BUFFER READ FULL

Description:
Syntax:
Return value:

Remarks:

Compatible sensor:

BUFFER SIZE
Description:
Syntax:
Return Value:
Remarks:
Default:

Compatible sensor:

BUFFER_SIZE?
Description:
Syntax:
Return Value:
Remarks:

Compatible sensor:

This command will work in Continuous Mode only. Waits for full buffer before returning.
BUFFER READ FULL +LF
Comma separated power values

Comma separated power values; For example, four power measurements will be returned
as below in mW:<P1> <P2> <P3><P4>. Continuous Average mode will send out the
buffer as: —000.0000176, —000.0000166, —000.0000164, —000.0000169. Command
BUFFER_STATE and BUFFER_SIZE need to be set before using this command.

MA242x8A, MA243x0A

Sets buffer size
BUFFER SIZE <size>
OK or ERR

<size>1 to 8192

8192

MA242x8A, MA243x0A

Returns current buffer size
BUFFER SIZE? +LF

An integer value

Integer value from 1 to 8192
MA242x8A, MA243x0A

PowerXpert UG

PN: 10585-00020 Rev. V 15-19

www.tehencom.com



15-5 General Purpose Commands

Programming Commands for USB Power Sensors

BUFFER_STATE
Description:
Syntax:
Return Value:
Remarks:

Compatible sensor:

BUFFER_STATE?
Description:

Syntax:

Return Value:

Remarks:

Compatible sensor:

CWDUTY
Description:
Syntax:
Return Value:

Remarks:

Compatible Sensor:

CWDUTY?
Description:
Syntax:
Return Value:
Remarks:

Compatible Sensor:

CWREL
Description:
Syntax:
Return Value:

Remarks:

Compatible Sensor:

Set buffer state

BUFFER STATE <state>
OK or ERR

<state> is an integer

0 - OFF

1-ON

MA242x8A, MA243x0A

Returns current buffer state

BUFFER STATE? +LF

Oor1l
0 - OFF
1-ON

MA242x8A, MA243x0A

Sets the duty cycle correction.

CWDUTY <duty correction> +LF

OK or ERR

<duty_correction> is the duty cycle correction percentage from 0.01 to 100.

For the MA24103A and MA24105A, this correction applies only to Burst Average Manual
measurement.

MA24103A, MA24105A, MA24x08A, MA24x18A, MA24126A, MA243x0A

Gets the duty cycle correction value.

CwDUTY? +LF

A float value

Duty cycle correction percentage

MA24103A, MA24105A, MA24x08A, MA24x18A, MA24126A, MA243x0A

Sets the CA relative power mode status ON or OFF.
CWREL <relative> +LF
OK or ERR

In the relative power mode, the power is calculated relative to the current power value
when the command is sent. <relative> is an integer with the following values:

0 — Relative mode OFF

1 — Relative mode ON

MA24x08A, MA24x18A, MA24126A, MA243x0A
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CWREL?
Description:
Syntax:
Return Value:
Remarks:

Compatible Sensor:

AVGTYP
Description:
Syntax:
Return Value:
Remarks:

Compatible Sensor:

AVGTYP?
Description:
Syntax:
Return Value:

Remarks:

Compatible Sensor:

AVGCNT

Description:

Syntax:
Return Value:

Remarks:

Compatible Sensor:

Gets the CA relative mode status ON or OFF.
CWREL? +LF
Oor1l

In the relative power mode, the power is calculated relative to the current power value
when the command is sent. <relative> is an integer with the following values:

0 — Relative mode OFF

1 — Relative mode ON

MA24x08A, MA24x18A, MA24126A, MA243x0A

Sets the power sensor’s averaging type of Moving or Repeat.
AVTYP <average type> +LF
OK or ERR

<average_type> is an integer with the following values:
0 — Moving
1 — Repeat

MA24x08A, MA24x18A, MA24126A, MA243x0A

Gets the current power sensor’s averaging type of Moving or Repeat.
AVTYP? +LF
Oor1

An integer with the following values:
0 — Moving
1 — Repeat

MA24x08A, MA24x18A, MA24126A, MA243x0A

Sets the number of averages in the Continuous Average, Time Slot, or Scope modes for
MA24x08A, MA24x18A and MA24126A.

Sets the number of averages in the Continuous Average or Scope modes for MA243x0A.
Time Slot mode is not applicable to the MA243x0A.

AVGCNT <num_avgs> +LF
OKor ERR

Average count is the number of measurements used to calculate the average power stored
in the output buffer of the sensor. For MA24208A, MA24218A and MA243x0A: Max
averaging number is 65536.

For the MA24103A, MA24105A: Max Averaging Number = 512 / points; the set number of
averages applies to both forward and reverse readings.

In the Auto Average mode, this command is ineffective as the number is set
automatically depending on the power level and resolution required. (There is no Auto
Average for MA24103A and MA24105A,).

MA24103A, MA24105A, MA24x08A, MA24x18A, MA24126A.
MAZ243x0A in Continuous Average or Scope modes only.
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AVGCNT?

Description:
Syntax:
Return Value:

Remarks:

Compatible Sensor:

AUTOAVG

Description:
Syntax:
Return Value:

Remarks:

Compatible Sensor:

AUTOAVG?

Description:
Syntax:

Return Value:

Compatible Sensor:

Gets the number of averages in the Continuous Average, Time Slot, or Scope modes.
AVGCNT? +LF

For MA24108A, MA24118A, MA24126A, an integer value between 1 and 40,000.
For MA24103A, MA24105A, an integer value between 1 and 512.

For MA24208A and MA24218A an integer value between 1 and 65536 is returned.
For MA243x0A an integer value between 1 and 65536 is returned in Continuous and
Scope modes only.

The command can also be used in the auto-average mode.

Time Slot and Scope modes applicable only to MA24x08A, MA24x18A, MA24126A.
Scope modes applicable to MA243x0A. Time Slot mode is not applicable for the
MA243x0A sensor.

MA24103A, MA24105A, MA24x08A, MA24x18A, MA24126A
MA243x0A in Continuous and Scope mode only. Time Slot mode is not applicable for
MA243x0A.

Sets the Auto Average mode to ON, OFF or AUTO ONCE.
AUTOAVG <average mode> +LF
OK or ERR

The Auto Average mode depends on three factors, Auto Average Resolution, Capture
Time, and the Auto Average Source, which are set by their own commands as explained
later. <average_mode> is an integer with the following values:

0 - OFF

1-ON

2 — AUTO ONCE (ON for one iteration only and is turned OFF automatically once the
averaging number is set)

MA24x08A, MA24x18A, MA24126A, MA243x0A

Gets the Auto Average mode of ON, OFF or AUTO ONCE.

AUTOAVG? +LF

An integer with the following values:

0 - OFF

1-ON

2 — AUTO ONCE (ON for one iteration only and automatically OFF once the averaging
number is set)

MA24x08A, MA24x18A, MA24126A, MA243x0A
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AUTOAVGSRC

Description:
Syntax:
Return Value:
Remarks:

Compatible Sensor:

AUTOAVGSRC?

Description:
Syntax:
Return Value:

Compatible Sensor:

AUTOAVGRES

Description:
Syntax:
Return Value:
Remarks:

Compatible Sensor:

AUTOAVGRES?

Description:
Syntax:
Return Value:

Remarks:

Compatible Sensor:

Sets the Auto Average Source value for Time Slot and Scope modes.
AUTOAVGSRC <average source> +LF
OK or ERR

The <average_source> number is calculated from the average power of only one Time
Slot or Scope Point. If the <average_source> value is set out of bounds, auto averaging is
ineffective. For auto averaging to be effective, the auto average source must be set less
than the number of points in Scope mode, or set less than the number of slots in Time
Slot mode. AUTOAVGSRC is disabled in CA mode.

MA24x08A, MA24x18A, MA24126A
MAZ243x0A in Scope mode only. Time Slot mode is not applicable to the MA243x0A
sensors.

Gets the Auto Average Source value for Time Slot or Scope mode.
AUTOAVGSRC? +LF
An integer with the auto averaging source value.

MA24x08A, MA24x18A, MA24126A
MAZ243x0A in Scope mode only. Time Slot mode is not applicable to the MA243x0A
sensors.

Sets the Auto Average resolution (digits after decimal point).
AUTOAVGRES <average resolution> +LF
OK or ERR

The <average_resolution> number is set according to the desired resolution. Higher
resolution results in more averaging and slower throughput of data.
<average_resolution> must range from 0 to 3:

0=1.0 dB resolution 1 = 0.1 dB resolution, 2 = 0.01 dB resolution, 3 = 0.001 dB resolution
MA24x08A, MA24x18A, MA24126A, MA243x0A

Gets the Auto Average resolution.
AUTOAVGRES? +LF
Integer from 0 to 3

The Auto Averaging number is set according to the desired resolution. Higher resolution
results in more averaging and slower throughput of data.

MA24x08A, MA24x18A, MA24126A, MA243x0A
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AVGRST

Description:
Syntax:

Return Value:
Remarks:
Compatible Sensor:

STEPDETECT

Description:
Syntax:
Return Value:
Remarks:

Compatible Sensor:

STEPDETECT?

Description:
Syntax:
Return Value:

Remarks:

Compatible Sensor:

FORWARD

Description:
Syntax:
Details:

Return Value:

Remarks:

Compatible Sensor:

Resets the averaging count and clears the averaging buffers.

AVGRST +LF
OK

Note that “averaging count” is not referring to the AVGCNT command.
MA24103A, MA24105A, MA24x08A, MA24x18A, MA24126A, MA243x0A

Sets the step detect feature ON or OFF
STEPDETECT <state> +LF

OK or ERR

<state> is an integer value

0 - OFF

1-ON

MA242x8A, MA243x0A

Gets the step detect feature ON or OFF
STEPDETECT? <state> +LF

integer value 0 or 1

0 - OFF

1-ON

MA242x8A, MA243x0A

Sets the forward measurement mode.
FORWARD <num> +LF

num =1to 6
OK or ERR

1 — Forward Average

2 — Crest Factor

3 — Burst Average Manual
4 — Peak Envelope Power
5 — Burst Average Auto

6 — CCDF

MA24103A, MA24105A
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FORWARD?
Description:
Syntax:
Return Value:
Remarks:

Compatible Sensor:

REVERSE
Description:
Syntax:
Details:
Remarks:

Compatible Sensor:

REVERSE?
Description:
Syntax:
Return Value:

Remarks:

Compatible Sensor:

VIDEOBW
Description:
Syntax:
Details:
Return Value:

Remarks:

Compatible Sensor:

Gets the forward measurement mode.
FORWARD? +LF
num =1 to 6

1 — Forward Average

2 — Crest Factor

3 — Burst Average Manual
4 — Peak Envelope Power
5 — Burst Average Auto

6 — CCDF

MA24103A, MA24105A

Sets the reverse measurement mode
REVERSE <num> +LF
num=1to 4

1 — Reverse Average

2 — Reflection Coefficient

3 — Return Loss

4 — Standing Wave Ratio (VSWR)

MA24103A, MA24105A

Gets the reverse measurement mode
REVERSE? +LF
num=1to 4

1 — Reverse Average

2 — Reflection Coefficient

3 — Return Loss

4 — Standing Wave Ratio (VSWR)

MA24103A, MA24105A

Sets the video BW
VIDEOBW <num> +LF

num = 0 to 2

OK or ERR
0 — Full
1-4kHz

2 —-200 kHz

MA24103A, MA24105A
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VIDEOBW?

Description:
Syntax:
Return Value:
Remarks:

Compatible Sensor:

MODTYPE

Description:
Syntax:
Details:

Return Value:

Remarks:

Compatible Sensor:

MODTYPE?

Description:
Syntax:
Return Value:

Remarks:

Compatible Sensor:

ENHMOD

Description:

Syntax:
Return Value:

Remarks:

Compatible Sensor:

Gets the video BW
VIDEOBW? +LF
num =0 to 2

0—Full
1-4kHz
2 —200 kHz

MA24103A, MA24105A

Sets the modulation type
MODTYPE <num> +LF

num =0to 5
OK or ERR

0 - NONE

1 - GSM_GPRS_EDGE

2 - WCDMA_HSPA_SINGLE_CARRIER
3 —WCDMA_HSPA_MULTI_CARRIER
4—-ISDB_T

5 - CDMA_IS95_2000_EVDO

MA24103A, MA24105A

Gets the modulation type
MODTYPE? +LF
Otob

0 - NONE

1 - GSM_GPRS_EDGE

2 - WCDMA_HSPA_SINGLE_CARRIER
3 —WCDMA_HSPA_MULTI_CARRIER
4—-ISDB_T

5 - CDMA_IS95_2000_EVDO

MA24103A, MA24105A

Changes range crossover values for better accuracy with specific signal modulation

conditions.
ENHMOD <state>
OK or ERR

<state> is an integer value
0- OFF
1-ON

MA242x8A, MA243x0A

15-26

PN: 10585-00020 Rev. V

www.tehencom.com

PowerXpert UG



Programming Commands for USB Power Sensors

15-5

General Purpose Commands

ENHMOD?
Description:
Syntax:
Return Value:
Remarks:

Compatible Sensor:

CCDFTHRESH
Description:
Syntax:
Return Value:
Remarks:

Compatible Sensor:

CCDFTHRESH?
Description:
Syntax:
Return Value:

Compatible Sensor:

Get enhance modulation state

ENHMOD? +LF

integer value 0 to 1

0- OFF
1-ON

MA242x8A, MA243x0A

Sets the threshold for CCDF

CCDFTHRESH <num> +LF

OK or ERR

<num> is a value in dBm. The range of CCDF threshold values that can be entered is

3 dBm to 54.77 dBm.

MA24103A, MA24105A

Gets the threshold for CCDF

CCDFTHRESH <num> +LF

Last threshold value

MA24103A, MA24105A
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15-6 Mode Commands

The PowerXpert application operates in four distinct modes as follows:
e “Continuous Average Mode (CA Mode)” available with all power sensors
e “Time Slot Mode” available with the MA24x08A, MA24x18A, and MA24126A only.
e “Scope Mode” available with the MA24x08A, MA24x18A, MA24126A and MA243x0A only
e “List Mode” available with the MA24208A, MA24218A and MA243x0A only

The power sensor starts up in the “Continuous Average Mode (CA Mode)” mode after the “START” command is
issued and continuously reads power, except MA242x8A and MA243x0A, which on startup is in RUN state.
The “CHMOD” command is issued to change the sensor’s mode of operation. Mode-specific commands can be
issued when the sensor is in any other mode, but will only affect the sensor operation if the sensor is in the
mode for which the command is issued. When the sensor mode is changed, the parameters/settings get updated

automatically.

CHMOD

Description:

Syntax:
Return Value:

Remarks:

Compatible Sensor:

CHMOD?

Description:
Syntax:

Return Value:

Compatible Sensor:

Sets the current power sensor mode and loads related settings except, MA242x8A and

MAZ243x0A, which on startup is in RUN state.
CHMOD <mode> +LF
OK or ERR

<mode> is an integer value as follows:
0 — Continuous Average Mode

1 — Time Slot Mode

2 — Scope Mode

3 — Idle Mode

4 — List Mode

MA24x08A, MA24x18A, MA24126A
MAZ243x0A does not accept 1-Time Slot mode

Gets the current power sensor mode.
CHMOD? +LF

Integer value as follows:

0 — Continuous Average Mode
1 — Time Slot Mode

2 — Scope Mode

3 —Idle Mode

4 — List Mode

MA24x08A, MA24x18A, MA24126A
MA243x0A does not accept 1-Time Slot mode
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Continuous Average Mode (CA Mode)

CA mode is the default mode of operation. In CA mode, the sensor is continuously triggered and collects data at
all times. Capture time is the only parameter associated with CA mode. The sensor calculates one average
power averaged over the entire capture time. For example, the MA241xxA sensor for 20 ms of capture time, the
sensor collects 2860 samples (with an approximate 142 kHz sampling rate). The CA power is the average of the
2860 samples for each 20 ms time frame. The power can be read using the “PWR?” command. The related CA
mode commands are listed below. For MA242x8A and MA243x0A sensors, the approximate sampling rate is
140 kHz. For 20ms capture time, the sensor collects 2801 samples.

CHAPERT
Description: Sets the effective capture time (aperture time) for average power measurements.
Syntax: CHAPERT >capture time> +LF
Return Value: OK or ERR
Remarks: <capture_time>

0.01 to 300 ms (MA241xxA)
0.01 to 1000 ms (MA242x8A)
0.01 to 1000 ms (MA243x0A)

Compatible Sensor: MA24x08A, MA24x18A, MA24126A, MA243x0A

CHAPERT?
Description: Gets the effective capture time (aperture time) for average power measurements.
Syntax: CHAPERT? +LF
Return Value: A float value

Return Value: An aperture time for CA mode in ms.
Compatible Sensor; MA24x08A, MA24x18A, MA24126A, MA243x0A
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Time Slot Mode

Time Slot mode operation is generally useful when doing measurement on slotted TDMA signals like GSM.
The Time Slot mode breaks up the measurement in time slots and calculates the average power reading for
each individual slot. The Time Slot mode measurement can be continuously triggered, but more often it is
internally or externally triggered. Triggering is discussed in Section 15-7. To set up the sensor in Time Slot
mode operation, the following four parameters must be set:

e Number of Slots: The number of slots is the number of time slots in the measurement. There is one
power reading for each slot, the power reading being the averaged power of all the samples falling within
that slot. The maximum number of slots is 128.

¢ Slot Width: Slot width is the width of each slot in milliseconds. The minimum slot width is 0.01 ms
(approximately one sample) and the maximum slot width is 100 ms.

e Start Exclusion: Start exclusion is the time in milliseconds that is excluded from the beginning of each
slot for power calculation.

e End Exclusion: End exclusion is the time in milliseconds that is excluded at the end of each slot for
power calculation.

Slot Width x Number of Slots = Total Capture Time. Total Capture Time cannot exceed 300 ms for
MA24108A, MA24118A, and MA24126A sensors. Total Capture Time cannot exceed 1000 ms for
MA24208A, and MA24218A sensors.

Note The exclusions should not eclipse the entire slot width.
Start Exclusion + End Exclusion must be less than the slot width.

MA243x0A sensors will accept Time Slot mode command and parameter, but will not change
anything.

The “TSLTPARAMS” command sends all of the above parameters at once. The “TSLTPARAMS?” command
receives all of the above parameters at once.

TSLTPARAMS
Description:
Syntax:
Return Value:
Remarks:

Compatible Sensor:

Sets all of the Time Slot mode parameters.
TSLTPARAMS <numl,num2, num3,numé4> +LF
OK or ERR

The input parameters are comma separated values and must be sent in the correct order
as follows:

numl: Number of Slots

num?2: Slot Width

numa3: Start Exclusion Time

num4: End Exclusion Time

An asterisk “*” can be used instead of a value if the parameter is not to be changed. For
example, TSLTPARAMS 8,20, *, 1 updates the Number of Slots to 8, the Slot Width to
20 ms, the Exclusion End Time to 1 ms. The Exclusion Start Time remains unchanged.
Returns ERR if the input values are out of range.

MA24x08A, MA24x18A, MA24126A
MAZ243x0A sensors will accept Time Slot mode command and parameter, but will not change
anything.
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TSLTPARAMS?
Description: Sets all of the Time Slot mode parameters.

Syntax: TSLTPARAMS? +LF

Return Value: Comma separated string with the following four values:

numl: Number of Slots
num?2: Slot Width

num3: Start Exclusion Time
num4: End Exclusion Time

Compatible Sensor: MA24x08A, MA24x18A, MA24126A
MA243x0A will return all zero parameters
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Scope Mode

In Scope mode, the sensor acts similarly to an oscilloscope in that it can be used to measure power as a function
of time. Two parameters are needed to define the Scope mode operation: the collection period and the number
of data points. In Scope mode, the sensor first waits for a trigger. Once a trigger is received, the MA241xxA
series power sensor collects data at its sample rate of approximately 140 kS/s for the duration of the capture
time. For the MA242x8A and MA243x0A series power sensor, the sample rate is 140 kS/s. This typically
results in a number of samples that exceeds the number of data points requested, and individual samples are
then averaged together to reduce the data set to the requested number of data points.

Gate and Fence

A gate and a fence can be set up to compute the average power of all the points within the gate. The fence
is used to mask the unwanted portion of the gate, but a fence remains entirely within the gate. Any
points falling within the fence are rejected for the average gate power calculation. Setting the fence start
and fence end to zero disables the fence. The gate can be enabled or disabled as desired by using the gate
enable “GENABLE” command. If the gate is enabled, the average power, maximum power, minimum
power and crest within the gate can be queried by using the gate power “GATEVALUES?” query. All
values are based on data points and NOT on the individual raw sample packets in the gate.

Capture Time

The capture time is the total time in milliseconds captured by the sensor in a single run. The maximum
capture time is 300 ms for MA24108A, MA24118A, and MA24126A and 1 s for MA242x8A and
MA243x0A sensors. The capture time can not be made equal to or less than the negative trigger delay. In
case of a conflict between trigger delay and capture time, an error is returned when setting scope
parameters.

Number of Data Points

The number of data points can never be set less than the total number of samples. For a given capture
time, the lower the number of data points, the more samples that are averaged per point, thus the lower
the trace noise. The sensor supports a maximum of 1024 data points for the MA241xxA power sensors if
there are enough samples. For example, 20 ms of capture time results in 2860 samples (~142 kHz
sampling frequency for MA24108A, MA24118A, and MA24126A and 140 kHz sampling frequency for
MA242x8A and MA243x0A sensors.). If there are 10 data points, then each data point contains the
averaged data of 286 samples. The entire data point array is read out by the “RDBUF” command as
explained in the previous section. Hence, “RDBUF” reads out 10 data point values separated by a comma

()-

Gate Start

Gate start marks the start of the gate in milliseconds with respect to the trigger (start of capture). The
Gate start value can not be negative and it can not exceed the capture time.

Gate End

Gate end marks the end of the gate in milliseconds with respect to the trigger. The Gate end value can
not be less than the Gate start value and it can not exceed the capture time.

Fence Start

Fence start marks the beginning of the fence in milliseconds with respect to the trigger. The fence start
must always be inside the gate (unless the fence is disabled by setting both the fence start and the fence
end to zero).
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Fence End

Fence end marks the end of the fence in milliseconds with respect to the trigger. The fence end must
always be between fence start and the Gate end (unless the fence is disabled by setting both the fence
start and the fence end to zero). If the fence start value and the fence end value are the same, then the
fence is ineffective.

SCOPEPARAMS
Description:
Syntax:
Return Value:

Remarks:

Compatible Sensor:

SCOPEPARAMS?
Description:
Syntax:
Return Value:

Compatible Sensor:

GATEPARAMS

Description:
Syntax:
Return Value:
Remarks:

Compatible Sensor:

Sets the Scope mode parameters.
SCOPEPARAMS <numl,num2> +LF
OK or ERR

The input parameters are comma separated values and must be sent in the correct order
as follows:

numl: Data Capture Time; MA24108A, MA24118A, MA24126A maximum 300 ms,
MA242x8A and MA243x0A maximum 1000 ms

num2: Number of Points

An asterisk “*” can be used instead of a value if the parameter is not to be changed. For
example, SCOPEPARAMS *, 4 updates the number of points to 4, while the data capture
time is unchanged. A space is treated as a zero. Returns ERR if the input values are out of
range.

MA24x08A, MA24x18A, MA24126A, MA243x0A

Gets the Scope mode parameters.
SCOPEPARAMS? +LF

Comma separated string with the following two values:
numl: Data Capture Time
num?2: Number of Points

MA24x08A, MA24x18A, MA24126A, MA243x0A

This command sets the gate parameters. The parameters are comma separated in the
order: gate start, gate end, fence start, fence end. An asterisk (*) can be used instead of a
value if the user does not want to change that parameter.

Sets the gate parameters.
GATEPARAMS <numl,num2, num3,numé4> +LF
OK or ERR

The input parameters are comma separated values (in ms) and must be sent in the
correct order as follows:

numl: Gate Start

num?2: Gate End

num3: Fence Start

num4: Fence End

For example, GATEPARAMS 0,20, 5, 15 updates the Gate Start to 0 ms, the Gate End to
20 ms, the Fence Start to 5 ms, and the Fence End to 15 ms. An asterisk “*” can be used
instead of a value if the parameter is not to be changed. Returns ERR if the input values
are out of range.

MA24x08A, MA24x18A, MA24126A, MA243x0A
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GATEPARAMS?

Description:
Syntax:
Return Value:

Compatible Sensor:

GENABLE

Description:
Syntax:
Return Value:
Remarks:

Compatible Sensor:

GENABLE?

Description:
Syntax:
Return Value:

Compatible Sensor:

GATEVALUES?

Description:

Syntax:
Return Value:

Remarks:

Compatible Sensor:

Gets the gate parameters.
GATEPARAMS? +LF

Comma separated string with the following four values:
numl: Gate Start

num?2: Gate End

num3: Fence Start

num4: Fence End

MA24x08A, MA24x18A, MA24126A, MA243x0A

Enables or disables the gate.
GENABLE <gate> +LF
OK or ERR

<gate> 1s an integer with the following values:

0 — Disable

1 — Enable

Returns ERR if <gate> is out of range or if the gate is improperly set up.

MA24x08A, MA24x18A, MA24126A, MA243x0A

Gets the gate enable/disable status.

GENABLE?
0 — Disable
1 — Enabled

MA24x08A, MA24x18A, MA24126A, MA243x0A

Gets the gate average power, peak power, minimum power, and crest for the most recent
scope measurement run (with gate enabled).

GATEVALUES?

Comma separated string with the following four values:
numl: Average Power (in dBm)

num?2: Peak Power (in dBm)

num3: Minimum Power (in dBm)

num4: Crest Power (in dB)

All return values are based on data points and NOT on the individual raw sample
packets in the gate. In case of an error, “e” precedes the output. For example:
“e2.453,3.456,5.234,2.435"

MA24x08A, MA24x18A, MA24126A, MA243x0A

15-34

PN: 10585-00020 Rev. V PowerXpert UG

www.tehencom.com



Programming Commands for USB Power Sensors 15-6 Mode Commands

List Mode

List mode provides the ability to make measurements for a large number of different setups without having to
update the sensor settings each time. The user must load the sensor with a setup file containing a list of
frequency (GHz), aperture time (ms), and average count settings using the LOADLIST command where each
set of settings corresponds to one measurement setup. The sensor and device-under-test (DUT) are
synchronized between setups by handshaking with triggers. Once the process is started with the LISTSTART
command, the sensor performs power measurements using the settings defined in the setup file and outputs
the results automatically once done. The process can be aborted with any command after sending the
LISTSTART command and before the process completes.

LOADLIST
Description: Initiates the process of loading a setup file for List mode.
Syntax: LOADLIST <num bytes> +LF
Return Value: OK or ERR

Remarks: The sensor must be in List mode (CHMOD 4) for this command to be accepted. Once the
LOADLIST command is received, the sensor will expect a handshake to take place. The
handshake involves sending the “READY?” command to the sensor to which it will reply
“READY”. Once the handshake is complete, the sensor will expect <num bytes> of raw
file data in 512 byte strings. The sensor will reply OK after receiving each 512 byte
chunk. After processing <num bytes> of file data, the sensor will expect another
handshake using the same commands as before.

User can download Demo Application from website to obtain source code and find how to
upload list mode data into ListMode. User can find sample programming steps to upload
measurement list into ListMode in MA242x8A Driver and Demo Application source code.
Refer “Using the MA242x8A, MA243x0A Series Demo Application” on page A-2 and
“Anritsu recommends that you use the source code and project available on the Anritsu
website to get the latest version.” on page A-2.

Compatible Sensor: MA242x8A, MA243x0A

LISTSTART
Description: Initiates the List mode process.
Syntax: LISTSTART +LF
Return Value: OK or ERR

Remarks: The sensor must be in List mode and have had a setup file loaded using the LOADLIST
command in order for the LISTSTART command to be accepted. Once the process is
started with the LISTSTART command, the sensor sets the frequency, aperture time,
and average count settings defined for the first measurement in the setup file and then
waits for a trigger from the DUT. When the sensor receives an external trigger, it
performs a power measurement and then sends a trigger out signal to indicate its
readiness for the next trigger. This cycle continues until all the measurements have been
taken. The power values of all measurements are output automatically at the end of the
process. The process can be aborted with any command after sending the LISTSTART
command and before the process completes.

Compatible Sensor: MA242x8A, MA243x0A

PowerXpert UG PN: 10585-00020 Rev. V 15-35

www.tehencom.com



15-7 Trigger Commands Programming Commands for USB Power Sensors

15-7 Trigger Commands
Trigger is an event that initiates a measurement. When the sensor is armed, it waits for a trigger. Once the
trigger occurs, the sensor starts data collection, calculation, and averaging to complete a measurement.

Trigger commands must be sent after general setup of the power sensor as the general settings impact the
trigger setup. Before arming the sensor for a trigger, the sensor must be set up with the following trigger
related parameters:

e “Trigger Source”

e “Trigger Level”

* “Trigger Edge”

e “Trigger Delay”

e “Trigger Noise Immunity”
e “Trigger Arming”

“Trigger Arming” commands should be sent to the sensor last and just before triggering because any other type
of command aborts the armed state and places the sensor in standby mode. For Time Slot and Scope modes,
the sensor’s default arming state is standby.

Trigger Source

The power sensor supports four different types of triggers (trigger sources):

Continuous Trigger

When the trigger source is set to continuous, the sensor is continuously collecting data. It does not look
for a trigger and is triggered all the time. Because the sensor is always collecting data, it does not depend
on any other trigger related parameters.

Internal Trigger

If internal trigger source is set, the sensor triggers based on the signal power, edge and noise immunity
factor set in the sensor. These parameters can be set with their respective commands as discussed later.

External Trigger

When the sensor is setup with external trigger, it is triggered by the TTL/CMOS signal on the external
trigger pin. In this trigger source, sensor can be set up to trigger at a particular edge of the TTL/CMOS
signal. External trigger does not depend on any other trigger related parameter.

Bus Trigger

Bus trigger is a manual trigger that allows the user to manually control the trigger by sending the
“TRGIMM” command. The bus trigger is command based and is not set up like the other trigger sources,
and it does not depend on any trigger-related parameters.

All of the trigger sources (except Bus Trigger) work in conjunction with the trigger arm types discussed later. A
trigger setup is incomplete if the sensor is not armed. The trigger source can be set and read with the following
commands:

15-36 PN: 10585-00020 Rev. V PowerXpert UG

www.tehencom.com



Programming Commands for USB Power Sensors 15-7 Trigger Commands

TRGSRC
Description:
Syntax:
Return Value:
Remarks:

Compatible Sensor:

TRGSRC?
Description:
Syntax:
Return Value:

Compatible Sensor:

TRGIMM
Description:
Syntax:
Return Value:

Remarks:

Compatible Sensor:

Sets the trigger source.
TRGSRC <trigger source> +LF
OK or ERR

<trigger_source> is an integer with the following values:
0 — Continuous

1 — Internal

2 — External

MA24x08A, MA24x18A, MA24126A, MA243x0A

Gets the trigger source.
TRGSRC? +LF

An integer with the following values:
0 — Continuous

1 — Internal

2 — External

MA24x08A, MA24x18A, MA24126A, MA243x0A

Triggers the sensor immediately and starts taking new readings.
TRGIMM +LF

Power reading in dBm or BUSY.

In Continuous mode, 1 power reading in dBm.

In scope/ Time Slot mode: $,<P1>,<P2>.....$

Once the sensor receives this command, the sensor starts collecting data for the capture
time defined by the sensor’s mode. Once all data collection, calculation, and averaging is
complete, the sensor automatically outputs the power reading and returns to the
previous state (before TRGIMM was received). Upon receiving the TRGIMM command. the
firmware automatically starts using repeat averaging type, irrespective of the type of
average type set in the sensor.

Upon completion, if the sensor is in continuous mode, it outputs one power reading in
dBm (same as the “PWR?” command) and if the sensor is in Scope or Time Slot mode, it
sends the entire buffer out (like RDBUF command). If the power is requested (by sending
“PWR?” or “RDBUF” commands) before the sensor is done with averaging, the sensor
returns BUSY. In this case, the sensor will not send out the power value(s) automatically
and will expect the user to continue requesting power. There is no need to arm the trigger
when using bus trigger.

The sensor will not return anything when requesting power with TRGIMM while it's on
hold (CHOLD 1), but it will continue to respond to power requests with BUSY until hold
is turned off.

MA24x08A, MA24x18A, MA24126A
MA243x0A is not applicable with Time Slot mode
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Trigger Level

Trigger level is the power value that triggers the sensor when it is crossed. This parameter has no effect in
continuous, external or bus trigger setups.

TRGLVL

Description:
Syntax:
Return Value:
Remarks:

Compatible Sensor:

TRGLVL?

Description:
Syntax:
Return Value:

Compatible Sensor:

Trigger Edge

Sets the trigger level in dBm.
TRGLVL <trigger level> +LF
A float value

<trigger_level> For MA24108A, MA2418A, MA24126A must be from —20 dBm to
+20 dBm in 0.01 dB steps.

<trigger_level> For MA24208A, MA24218A and MA243x0A must be from —35 dBm to
+20 dBm in 0.01 dB steps.
MA24x08A, MA24x18A, MA24126A, MA243x0A

Gets the trigger level in dBm.

TRGLVL? +LF

Trigger level in dBm

MA24x08A, MA24x18A, MA24126A, MA243x0A

Sets the trigger edge for internal and external trigger. Trigger edge can be set to positive or negative.

For internal trigger, the sensor triggers only when the signal crosses the trigger level from high to low when
set to negative; the sensor triggers only when the signal crosses the trigger level from low to high when set to

positive.

For external trigger, the sensor triggers when the TTL/CMOS signal on the external trigger pin falls from high
to low when set to negative; the sensor triggers when the TTL/CMOS signal on the external trigger pin rises
from low to high when set to positive.

TRGEDG

Description:
Syntax:
Return Value:

Remarks:

Compatible Sensor:

Sets the trigger edge.
TRGEDG <trigger edge> +LF
OK or ERR

<trigger_edge> is an integer with the following values:
0 — Positive
1 — Negative

MA24x08A, MA24x18A, MA24126A, MA243x0A
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TRGEDG?
Description: Gets the trigger edge setting.
Syntax: TRGEDG? +LF

Return Value: An integer with the following values:
0 — Positive
1 — Negative

Compatible Sensor: MA24x08A, MA24x18A, MA24126A, MA243x0A

Trigger Delay

Trigger delay is the time in milliseconds between the trigger event and when the sensor starts taking readings.
The trigger delay can be either positive or negative. The trigger delay can be set from —5 ms to 10,000 ms with
a resolution of 0.01 ms.

If the delay is negative, the sensor starts taking the readings before the trigger occurs and the total capture
time includes the negative delay time. For example, for a capture time of 20 ms and a delay of —1 ms, the
length of the capture would be from —1 ms to 19 ms, given the trigger occurs at time, t = 0. The negative delay
can not be greater than or equal to the capture time. If the capture time conflicts with the trigger delay, the
trigger delay command returns an error.

If the delay is positive, the sensor waits for the set delay time after a trigger before it starts taking readings.
The sensor is unresponsive during the wait period and can not be aborted. The capture time is unaffected by a
positive trigger delay.

TRGDLY
Description: Sets the trigger delay in msec
Syntax: TRGDLY <trigger delay> +LF
Return Value: OK or ERR

Remarks: <trigger_delay> is the trigger delay value in msec and must range from —5 ms to
10,000 ms with a resolution of 0.01 ms.

Compatible Sensor: MA24x08A, MA24x18A, MA24126A, MA243x0A

TRGDLY"?
Description: Gets the trigger delay in msec
Syntax: TRGDLY? +LF
Return Value: A float value
Compatible Sensor: MA24x08A, MA24x18A, MA24126A, MA243x0A
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Trigger Hold Off

Trigger hold off is the duration in which trigger detection is suppressed after detecting the first trigger event.
The hold off duration can be set from 0 ms (off) to 10,000 ms with a resolution of 0.01 ms. Trigger delay must be
positive or off in order to use trigger hold off. Trigger hold off is applicable to Scope and Time Slot modes.

The limitation of hold off is mode dependent and can be determined as the following (All time units are in
msec):

e In Scope mode, hold off - delay> (1.645 * capture time) + (0.042 * data points) + 0.24.
e In Slot mode, hold off - delay> (1.625 * slot width * number of slots) + (0.064 * number of slots) + 0.29.

e For MA243x0A; In Scope mode, hold off - delay> (8.238 * capture time) + (0.038 * data points) + 0.289.
Time Slot mode is not applicable for the MA243x0A sensors.

TRGHOLDDLY
Description: Sets the trigger hold off duration in msec.
Syntax: TRGHOLDDLY <hold off duration> +LF
Return Value: OK or ERR

Remarks: <hold_off_duration> is the trigger hold off duration in msec and must range from 0 ms to
10,000 ms with a resolution of 0.01 ms.

Compatible Sensor: MA24208A, MA24218A, MA243x0A

TRGHOLDDLY?
Description: Gets the trigger hold off duration in msec.
Syntax: TRGHOLDDLY? +LF
Return Value: A float value
Compatible Sensor; MA24208A, MA24218A, MA243x0A
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Trigger Noise Immunity

When internally triggering on very noisy signals, the sensor can trigger at an undesired point or edge. To
provide immunity against such situations, the sensor can be set to wait for N number of samples to cross the
trigger level before it triggers.

The value of N is the trigger noise immunity factor and is set by the “TRGNOISE” command, where N is a value
from 1 to 10. Higher values of N result in increased noise immunity, but also increase the trigger latency. It is
advised to use a negative trigger delay when using noise immunity. The negative delay required to reduce the
trigger latency is the product of N and the sample duration of the power sensor, which is approximately 7 us.

TRGNOISE
Description: Sets the trigger noise immunity factor.
Syntax: TRGNOISE <noise> +LF
Return Value: OK

Remarks: <noise> is an integer from 1 to 10. Higher values of <noise> result in increased noise
immunity, but also increase the trigger latency.

Note: MA242x8A and MA243x0A always returns Ok (The MA242x8A and MA243x0A
sensors are added for compatibility and do not support trigger noise immunity.)

Compatible Sensor: MA24x08A, MA24x18A, MA24126A, MA243x0A
MA242x8A and MA243x0A are added for compatibility and do not support trigger noise
immunity.

TRGNOISE?
Description: Gets the trigger noise immunity factor.
Syntax: TRGNOISE? +LF
Return Value: An integer from 1 to 10 for MA24108A, MA24118A, MA24126A
1 for MA24208A, MA24218A, MA243x0A

Compatible Sensor; MA24x08A, MA24x18A, MA24126A, MA243x0A
MA242x8A and MA243x0A are added for compatibility and do not support trigger noise
immunity.
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Hysteresis

This feature is available during internal triggering. For very noisy signals, the sensor can trigger at an
undesired point or edge. To minimize this potential, the sensor can be set to wait for the measured power to be
beyond a hysteresis value of +/— X dB from the trigger level before it is rearmed to trigger. The default value for
the hysteresis level is +/— 0 dB (no hysteresis).

TRGHYST
Description: Sets trigger hysteresis value, 0 to 10 dB with 0.1 dB of precision
Syntax: TRGHYST <value>
Details: <value> is an integer from 1 to 10
Return Value: OK or ERR
Compatible Sensor: MA24208A, MA24218A, MA243x0A

TRGHYST?
Description: Reads the hysteresis value
Syntax: TRGHYST? +LF
Return Value: An integer from 1 to 10
Compatible Sensor: MA24208A, MA24218A, MA243x0A
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Trigger Arming

The trigger parameters are effective only if the sensor is armed. Armed is the state when the sensor is waiting
for a trigger. By default, the sensor is in Standby mode and must be armed before it can be triggered. “Trigger
Arming” should be the last command sent to the sensor before triggering as any other type of command aborts
the armed state and places the sensor in standby mode.

When the sensor is armed, it waits for a trigger indefinitely. Once the trigger occurs, the sensor starts data
collection, calculation, and averaging to complete a measurement. The measurement result is sent in dBm (in
CA mode) or in mW (in Time Slot and Scope modes). After setting up the sensor, the sensor can be armed as
follows:

Auto Armed

In this arming state, the sensor is automatically rearmed after one trigger has occurred and the
measurement has been output. Auto Armed is generally used in Time Slot and Scope modes to
continuously monitor the signal.

Single Armed

In this arming state, the sensor is armed only once before the trigger. Once triggered, the sensor
performs the measurement, outputs the result, and returns to the standby mode. The sensor makes N
number of measurement runs and outputs the average power on completion of averaging the N
measurements. N is the averaging number set in the sensor. However, in moving average mode, the
intermediate moving average power is also sent after each measurement run, the last one being the most
accurate as it has the effect of all of the N measurements. The sensor triggers only once and all of the
measurements follow.

Multiarmed

In this arming state, the sensor is automatically rearmed for N number of times after each of N trigger
events, and then the sensor outputs one measurement result at the completion of all triggered events. N
is the number of averages set in the sensor prior to arming (set with the “AVGCNT” command). If there
are N averages set in the sensor, the sensor will look for N triggers, make N measurements and send out
one averaged power for all of the N triggered measurements. However, in moving average mode, the
intermediate, moving average power is also sent after each triggered measurement, the last one being
the most accurate as it has the average of all of the N measurements. For multiarmed triggering, at least
N triggers must occur for the sensor to complete the entire measurement. The sensor is rearmed until it
has received all N number of triggers. Once the measurements are complete, the sensor is set to the
Standby mode.

Standby
In standby mode, the sensor is not waiting for a trigger and is UNARMED.

Trigger arming is effective only in the Internal and External trigger modes. Arming has no effect when the
sensor 1s continuously triggered.
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TRGARMTYP

Description:
Syntax:

Return Value:

Remarks:

Compatible Sensor:

TRGARMTYP?

Description:
Syntax:

Return Value:

Compatible Sensor:

Sets the trigger arming state.
TRGARMTYP <arm type> +LF

OK followed by measurement results, or ERR

Note: If user issues any command while the sensor is waiting for trigger, the sensor will

return “Aborted” and will set TRGARMTYP to (3) — Standby state.

<arm_type> is an integer with the following values:
0 — “Auto Armed”

1 — “Single Armed”

2 — “Multiarmed”

3 — “Standby”

MA24x08A, MA24x18A, MA24126A, MA243x0A

Gets the trigger arming state.
TRGARMTYP? +LF

An integer with the following values:
0 — “Auto Armed”

1 — “Single Armed”

2 — “Multiarmed”

3 — “Standby”

MA24x08A, MA24x18A, MA24126A, MA243x0A
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Chapter 16 — Programming Commands for
Power Master

16-1 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 Master 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 Master 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 Master 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 9 O O ks W
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The Device Monitor appears in the system tray and provides the MA245xxA Power Master details.

EEREEN)

-
Anritsu Device Monitor

=R MA24507A Power Master

.. Model: MA24507A
. Serial Num:160101

- VID_0B5B PID_FF86
... Backend: 9036

Figure 16-1. Device Monitor

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 is 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 Master 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. If using a newer version of Windows 10, then the network socket port number used by
MA245xxA Power Master is 59001. The MA245xxA Power Master can also be controlled remotely using
National Instruments VISA using TCPIP mode.

16-2 I|EEE 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 16-1 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 16-1. |IEEE 488.2 Mandated Commands

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

*ESR?

16-3 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.
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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.

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 16-2. 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> ::=<STRING PROGRAM DATA> ASCII characters enclosed by double quotes. For example:
HOFFY!
<block> ::=IEEE-488.2 block data format
<NA> ::=Not Applicable
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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:

e Hz (Hertz) for frequency related parameters
* s (seconds) for time related parameters

* m (meters) for distance related parameters
e dB relative power value

e dBm absolute power value
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16-4 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 16-3. 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.

[] 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.

n= 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.

16-5 Programming the MA245xxA Power Master

Send and Receive Format

Every network socket communication with the Power Master must be suffixed with the line feed (LF) character
(ASCII 0x0A). Every response from the Power Master is also suffixed with the same character (except when
using Microsoft HyperTerminal, which uses a carriage return as the identifier). The Power Master 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:

¢ 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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Default Power Master Settings
The Power Master settings in Table 16-4 apply to the MA245xxA Power Master.

Table 16-4. 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
16-6 PN: 10585-00020 Rev. V PowerXpert UG
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16-6 Common Commands

16-6 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>

PowerXpert UG
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Programming Commands for Power Master

*RST
Title: Reset
Description: 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.
*SRE <NR1>
*SRE?
Title: Service Request Enable
Description: 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.
Parameters: <integer>
Query Output: <NR1> Returns the value of the Service Request Enable Register
Range: 0 to 255
*STB?
Title: Status Byte Query
Description: This command queries the Status Byte Register. Refer to IEEE 488.2 for more
information on the contents of this register.
Query Output: <NR1>
*WAI
Title: Wait-to-Continue Command
Description: This command causes the device to execute no further commands or queries until the
No Operation Pending flag is TRUE.
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16-7 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, is “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.
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Programming Commands for Power Master

16-8 MA245xxA Power Master Commands

General purpose commands for the MA245xxA Power Master are used to set/read the general settings of the
Power Master. These commands are not mode or trigger dependent. 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.

¢ 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
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16-8 MA245xxA Power Master Commands

: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>
0l1
ON

:INITiate[:IMMediate]

Title:

Description:

Initiate measurement

Triggers a measurement

16-12
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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:COUNTt. 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>

0l1

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)
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16-8 MA245xxA Power Master Commands

[ : 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>
0l1
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>
0|1
OFF

[ : SENSe] :RESolution HIGH|MEDium|LOW
[ : SENSe] :RESolution?

Title:

Description:

Parameters:
Query Output:
Default Value:

Power Resolution Mode

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.

HIGH | MEDium | LOW
LOW, MED, or HIGH
LOW
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Appendix A — Using Demo Application

A-1  MA241xxA Series Demo Application

The demo application for MA241xxA series USB power sensors allows you to interface with the sensor using
the remote programming protocol. To download the drivers and demo application, go to the "Library" section of
the product page for your sensor at: http://www.anritsu.com. The Demo Application's interface is shown in Figure
1-A below:

a7 MA42100A Series Demo Application - Serial 2
About
Find Davicas Instructions
; (1) Click Find Devices to list the sensors
Open Davice _ connected to the computer
Get IDN Get Power | SetFrequency || Get Frequency | (2)Selecta device in the DevicelistBox and

click Open Device.

status:
(3) Status box displays the status of the

A . operabon
communication LDg

(4) Communication Log displays the response
received from the sensor.

(5) Use Close Device to close the selected
device.

Log: | Clear Log |

Close Dewvice

Figure A-1. Demo Application

Anritsu recommends that you use the source code and project available on the Anritsu website to get the latest
version.

Launch the Demo Application:

1. User must close all applications which communicate with power sensors prior to running the Demo
Application. The driver and demo app folder on anritsu.com provides the Overview, Getting Started
Instructions and Sample Code to launch the Demo Application. Double click on DemoApp.exe. The
application screen shown in Figure A-1 will appear.

2. Connect the power sensor to the PC using the USB cable and click Find Devices.
3. Select the desired sensor from the device list and click Open Device

4. Once the device is opened successfully, you can use the function buttons provided for power readings,
frequency readings and settings. Find the Code C# link in your downloaded folder as well.
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A-2 Using the MA242x8A, MA243x0A Series Demo Application

A-2 Using the MA242x8A, MA243x0A Series Demo Application

The demo application for MA242x8A and MA243x0A series USB power sensors allows you to interface with the
power sensor using the remote programming protocol. The sample code is available on the Anritsu Website at:
http://www.anritsu.com. Simply search for your sensor, open the product page, and find the drivers and demo app
download in the "Library" section, or click here: Drivers Software Downloads. The Anritsu Sensor Driver DLL
provides.NET 4.0 based API that can be used within the application to connect to and interact with a USB
power sensor. The Demo Application’s interface is shown below:

-

o MA24200A Series Demo Application - USB o B

Find Devices

Log:

Figure A-2. Demo Application

Anritsu recommends that you use the source code and project available on the Anritsu website to get the latest
version.

Launch the Demo Application:

1. User must close all applications which communicate with power sensors prior to running the Demo
Application. The Anritsu Sensor Driver Reference Guide downloaded from the web provides the
Overview, Getting Started Instructions and Sample Code to launch the Demo Application. Double click
on BBSensorDriverDemo.exe. The application screen shown in Figure A-2 will appear.

2. Connect the power sensor to the PC using the USB cable and click Find Devices.
3. Select the desired sensor from the device list and click Open Device

Once the device is opened successfully you can use the function buttons provided for power readings,
frequency readings and settings, Set List Mode Parameters and List Start. Find the Code C# link in your
download folder as well.
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Appendix B — Upgrading Power Sensor
Firmware — MA241xxA Series

B-1 Introduction
Upgrade the Anritsu MA241xxA power sensor’s firmware using PowerXpert. Follow the applicable procedure
for your sensor model as described in the following sections:

e Section B-2 “MA24106A Firmware Upgrade”

Section B-3 “power sensor, MA24108A, MA24118A, and MA24126A Firmware Upgrade”

The current sensor firmware can be determined by expanding the Sensor Information list in PowerXpert.

7 3% ©

Tools Settings Help

Sensor Information
=~ MA24218A, 0000100
S/N: 0000100
USE
FWW:R1.2.3.20150310.171114
FPGA:20141110_182431

Figure B-1. Checking Current Firmware Version

B-2 MA24106A Firmware Upgrade

Warnin Before launching the firmware upgrade utility, make sure that you have the firmware file available.
9 Failure to complete the firmware installation will render the power sensor inoperable.

1. Download the latest firmware upgrade file for your sensor model from http://www.anritsu.com and save it
to C:\Program Files (x86)\Anritsu\PowerXpert\Drivers.

2. Launch the Update Firmware command from the Tools menu. See Figure B-2.

e - =

Tools Settings Help
: Zero Ml Sensors

Capture screen...

Log Data...

Show Multiple Sensor Display...

Offset Table

Update Fimwars... ~e—

View Summary...

Advance Measurements »

Figure B-2. Update Firmware
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B-2 MA24106A Firmware Upgrade

3. Click through and following the on-screen instructions.

Firmware Upgrade Wizard | 23

Before starting the upgrade process, please read upgrade instructions
carefully.

1. Press "Cancel’ to read upgrade instructions first.
2. Press 'OK to perform upgrade process.

MOTES:

SENSOR MAY NOT WORK IF UPGRADE INSTRUCTIONS ARE NOT
FOLLOWED PROPERLY. If the sensor does not respond after upgrade:
1. Disconnect and connect USE cable.

2. Close Anritsu PowerXpert.

3. Restart Anntsu PowerXpert.

[ OK ] Cancel 1

Figure B-3. Firmware Installation Dialog Screen 1

4. Continue to the next screen as shown below.

Firmware Upgrade Wizard &2
Firmware upgrade process requires the latest firmware file downloaded
from Annitsy Website.

1. If you DO NOT have a firmware file, press ‘Mo™ to download the file first
and then come back

2. If you already have a firmware file , press "Yes' (It will just verify that you
have the file).

Note:
Please do not change the name of the downloaded file.

es No

Figure B-4. Firmware Installation Dialog Screen 2

B-2 PN: 10585-00020 Rev. V PowerXpert UG

www.tehencom.com



B-2 MA24106A Firmware Upgrade

5. Initiate the update process as follows:

-

Firmware Upgrade Wizard | P |

Step 1. Disconnect USE cable from sensor side.
Step 2: Connect USB cable back to sensor. Wait for 3 seconds.
Step 3: Press OK.

MNotes:

(1) If you are upgrading your sensor for the first time, then you will need to
install upgrade mode drivers.

(2) Drivers can be found where the application is installed. (Default
location is C\Program Files\Anritsu\PowerXpert\Drivers)

(3) Follow firmware upgrade instructions from the user guide to install
driver.

Figure B-5. Firmware Installation Dialog Screen 3

6. Click Open after selecting the file.

Select a .hex file of MA24106A 2X
Look in: | ) Poweixpert v : Al v
Dapplets

J Drivers
Recent [=]ma241064 . hex

Desktop

My Documents

58
am004551 on
DRUMMENSO1
\,'] File name: MAZ4108A hex v
-
Aniitsu Network | Files of type: (Firmware Files)(MA241084 hex) v

Figure B-6. Verifying Location of Firmware File

7. If this is the first time you are upgrading the sensor’s firmware, the power sensor upgrade driver must be
installed. In this case, the Windows Found New Hardware wizard automatically starts so the driver can
be installed before the firmware upgrade can continue. If the upgrade driver has already been installed,
go to Step 9 to continue firmware installation.

PowerXpert UG PN: 10585-00020 Rev. V B-3
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B-2 MA24106A Firmware Upgrade

8. The power sensor upgrade driver installation is similar to the power sensor driver installation detailed in
“Installing Power Sensor Drivers” on page 2-3. During the upgrade driver installation, Windows will ask
for the path to the driver file to install mchpusb.sys (mchpusb64.sys for 64-bit systems). During this
step, browse to the program installation directory:

C:\Program Files (x86)\Anritsu\PowerXpert\Drivers
Select the file and complete the upgrade driver installation.

Files Needed <) | Locatz Fite |3
- T S Ji ded Lookjn:‘lﬁDnvers v‘ Q ¥ £ m-
Lo e file ‘mchpush.sys' on (Unknown) is needed.
qf; B mepush.are

Tupe the path where the file iz located, and then click

ak.

LCopy files fram:

V| [ Browse. ..
File name: nchpush. sy v‘ [ Open ]
Files of type:

Figure B-7. Windows Locate File Dialog

9. If the upgrade driver is installed, click OK (Figure B-8) to continue with the firmware upgrade. The
Firmware Upgrade Application shown in Figure B-9 appears.

Step 1. Disconnect USB cable from sensor side.
Step 2: Connect USB cable back to sensor. Wait for 3 seconds
Step 3: Press OK.

Notes:-
(1) If you are upgrading sensor for the first time then, you will need to install upgrade mode drivers.

(2) Drivers can be found where the application is installed. (Default location is C:\Program Files\Anritsu\PowerXpert\Drivers)
(3) Follow firmware upgrade instructions from the user guide to install drivers.

=y

Figure B-8. Continuing with Firmware Update
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B-2 MA24106A Firmware Upgrade

10. Select the power sensor that you intend to upgrade from the drop-down list field.

/| Firmware Upgrade Application

Zinritsu

Select Sensor

(& Load HEX File

[MA24106A 0 (Upgrade Mode = |

k|

Close

Clgar Screen

LISE Bootloader Famware Yersion 1.0

Figure B-9. Firmware Upgrade Application

11. Click Load HEX File and select the HEX file from the directory in which it was saved.

A navigation dialog will open so you can find and select the hex file (Figure B-10).

12. Select the hex file for your sensor and click Open.

The Firmware Upgrade Application reappears (Figure B-11).

2]X]

Open

Look in: |q PowerXpert L, & Sk B
vq_“)applets

[)Drivers

[]MA241064. hex

Fil :

ile name:  [Ma241084 hex | ‘
Files of type: IHex Files [*HEX) L, Cancel

Figure B-10. Select Hex File Dialog

Warning

Do not disconnect the power sensor from the USB port or interrupt the firmware write sequence as
this will cause an unrecoverable programming error and render the power sensor inoperable.

PowerXpert UG

www.tehencom.com
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B-2 MA24106A Firmware Upgrade

13. Click Program Device. The following messages will be displayed during the program operation:
MESSAGE - Programming FLASH Completed
MESSAGE - Erasing and Programming FLASH...

/| Firmware Upgrade Application Q@@
/inritsu

Select Sensor

[MA241064 0 (Upgrade Mode + |

| & Load HEX File |

y Program Device b& ‘

Close ‘

Clear Screen ‘

Addr. 00 61 02 63 64 05 06 07 68 069 OA OB OC 6D OE OF

|IPROGRAM MEMORY :

000000 D7 EF 35 FO 12 80 XX XX XX XK XX XX XX XX XX XX
006818 XX XX XX XX XX XX XX XX XX XX XX XX ¥X XX XX X%
006828 XX XX XX XX XX XX XX XX XX XX XX XX ¥X XX XX X¥
000030 XX XX XX XX XX S8 X8 XX 8% XX XX N¥ 8% 3K X% X¥
000048 XX XX XX XX XX XX XX XX XX XX XK XX ¥X XX XX XX
006850 XX XX XX XX XX XK XX XX XX XX XX XX ¥X XX XX XX
006868 XX XX XX XX XX XX XN XX XX XX XX XX ¥X XX XX XN -

AAAATA YV VUV YV UV UV UV UV UV UV UV VY UV UV uY vy ua

USB Bootloader Firmware Version 1.0

Figure B-11. Firmware Upgrade Application

14. Disconnect the USB cable from the power sensor and then reconnect it.

15. Close the Firmware Upgrade Application.

Instructions P

(1) Disconnect USBE cable from sensor and connect it back
(2) Close firmware upgrade application. Sensor is ready to use,
- Note; The LED will turn ON.

OK

Figure B-12.

The sensor should be ready to use.

16. If the status LED on the power sensor is green, the sensor is programmed successfully and the Anritsu
PowerXpert application should automatically detect the upgraded sensor.
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B-3 power sensor, MA24108A, MA24118A, and MA24126A Firmware
Upgrade

1. Download the appropriate firmware upgrade file for your sensor model number from
http://www.anritsu.com and save it to C:\Program Files\Anritsu\PowerXpert\.

Warning

Before launching the firmware upgrade utility, make sure that you have the sensor firmware file
available. Failure to complete the firmware installation will render the power sensor inoperable.

Earlier versions of the MA24108A and MA24118A power sensors used an Atmel upgrade driver. This
driver must first be uninstalled from the USB devices listed in Windows Device Manager before
upgrading the firmware. See “Removing Old Upgrade Driver” on page B-12.

Note

If for any reason the sensor becomes stuck in upgrade mode, the message “Found a sensor in
Upgrade mode, click here to Upgrade or Restore.” (Figure B-13) appears on the PowerXpert
window. Click on the message to continue the upgrade or to restore the sensor to its original

firmware state. Follow the instructions below starting at Step 7.

Anritsu PowerXpert =B8] =

Continuous  Time Slot | Scope List Tools Settings Help

Continuous Mode Sensor Information Port Num Model SerialMo Average Power Avgs Cal Freq Offset

No Sensor

General Settings Log Data: OFF | Enh Mod: OFF | Step Det: OFF Mot Zeroed

Zero sensor Zero

FrequencyiGHz)  0.01 Graph assigned to

Relative |0ﬁ = |
Units |dBm A |
Aperture time (ms) 20

Measuremert hold | Off M

Power vs Time

Auto average |Off N |
Autoavgsrc 1
Averaging method |Muvmg7V|
Averages 1
Offset (dB) 1]
Range |ﬁ

Trigger

Source

A type
Level {dBm)
Edge Paositive
Delay [ms)

Holdoff {ms)

Hysteresis (dE) 6.50 .60 70 .80 7.00

Time span (min} Power Max (dBm) Power Min (dBm) [Au Scale Mode | Auto w | Center marker

Figure B-13. Sensor in Upgrade Mode Indication

2. Launch PowerXpert.
3. Launch the Update Firmware command from the Tools menu.

4. Follow the on-screen instructions and refer to the following detailed instructions as needed.
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B-3 power sensor, MA24108A, MA24118A, and MA24126A Firmware Upgrade

5. First the upgrade wizard verifies the firmware upgrade file is on your computer. A navigation window
(Figure B-14 on page B-8) automatically opens to the default location:
C:\Program Files\Antritsu\PowerXpert\. If this is not the location to which you downloaded the file,
you will need to navigate to its download location.

Select a .bin file of MA24105A 2x
Look in: | (2 PoweiXpert v O2cE
Dapplets
(0Drivers

Recent = MA241054.bin
(=l Ma241084 bin

— [=Ma241184 bin
Lﬁ [ ma241264 bin

Desktop

My Documents

58
am004Z51 on
DRUMMENSO1
q File name: 241054 bi v
Anitsu Netwark | Files of type: (Fimware Files)(MA241054 bin) v

Figure B-14. Firmware File Access Verification

6. Select the appropriate file name for your sensor and click Open.

When this command is sent, the message shown in Figure B-15 appears, the sensor goes into upgrade
mode, and the sensor status LED turns amber color. The LED must turn green before continuing.

Step 1. Disconnect USB cable from sensor side.

Step 2: Connect USB cable back to sensor. Wait for 3 seconds

Step 3: Press OK.

Notes:-

(1) If you are upgrading sensor for the first time then, you will need to install upgrade mode drivers.

(2) Drivers can be found where the application is installed. (Default location is C:\Program Files\Anritsu\PowerXpert\Drivers)
(3) Follow firmware upgrade instructions from the user guide to install drivers.

=y

Figure B-15. Firmware Upgrade Dialog
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B-3 power sensor, MA24108A, MA24118A, and MA24126A Firmware Upgrade

Note

If this is the first time you are upgrading the sensor’s firmware, the power sensor upgrade driver must
first be installed. In this case, the Windows Found New Hardware wizard automatically starts so the
driver can be installed before the firmware upgrade continues.

Install the driver before clicking OK in the dialog box shown above in Figure B-15. If OK is clicked
before the driver is installed, the COM port of the sensor will not be enumerated in the upgrade utility
and the upgrade cannot proceed. When this happens, disconnect the USB cable from the sensor,
close and restart the PowerXpert application, then reconnect the sensor. The message shown in
Figure B-13 on page B-7 will appear. Follow the instructions in the message to resume the upgrade.

The power sensor upgrade driver installation is similar to the power sensor driver installation detailed
in “Installing Power Sensor Drivers” on page 2-3 except that the sensor will be identified as

“Anritsu Sensor Upgrade Driver”. The system should automatically find the driver and install it after a
warning.

Windows 7 operating system: the “Anritsu Sensor Upgrade Driver” is referred to as
“GPS camera detect” by the OS because of a conflict in the driver. The SAM-BA functionality
remains unaffected.

If the upgrade driver has already been installed, go to Step 7 to continue firmware upgrade.

7. If the upgrade driver is installed, continue with the firmware upgrade by following the on-screen steps
shown in Figure B-15. The same steps are listed below:

a. Disconnect the USB cable at the sensor end.
b. Reconnect the USB cable at the sensor. Wait a few seconds.

c. Click OK.

Note

If the SAM-BA firmware upgrade utility does not start automatically, start it from:
C:\Program Files\Anritsu\PowerXpert\SensorUpgradeUtility.exe

8. The SAM-BA connection dialog appears as shown in Figure B-16. Select the connection and board as
follows:

a. Select or type the connection: COMX, where X is the COM port number to which the upgrade mode

sensor is connected.

The COM port number can be checked from the Windows Device Manager. If you do not see the
sensor listed in the Device Manager | Ports, see “Removing Old Upgrade Driver” on page B-12.

b. Select your board: USB_POWER_SENSOR

The SAM-BA firmware upgrade utility requires that the serial ports between COM2 and COM49 be
used. You can find out the COM port number by going to:

Start | Settings | Control Panel | System | Hardware | Device Manager | Ports (COM & LPT).

Note If the assigned COM port for the “Anritsu Sensor Upgrade Driver” is COM50 or greater, then the
COM port number must be reassigned to less than COM50 and the SAM-BA firmware upgrade utility
must be relaunched from C:\Program Files\Anritsu\PowerXpert\SensorUpgradeUtility.exe.
Refer to Appendix D for additional information.
PowerXpert UG PN: 10585-00020 Rev. V B-9
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id SAM-BA CDC 2.9

Select the connection : v
Select your board : | USE POWER SENSOR v |

Connect ﬂl

Figure B-16. SAM-BA Configuration Dialog

9. Click Connect to proceed.
The External RAM init. dialog then appears.
10. Click Yes on the External RAM init. dialog.

i External RAM init. =

Extemal RaM initislization failed.

& Extemnal RAM access is required to run applets.
Continue aryway 7

Tes MNa

Figure B-17. External RAM init. Dialog

If the sensor is stuck in the Upgrade mode and you are returning it to its original firmware state, in the
Not : « »
next step click on the “Execute” button only.

11. When the SAM-BA firmware upgrade utility shown in Figure B-18 appears, do the following:

a. In the Send File Name field, browse for the latest firmware file downloaded from the Anritsu Web
site (power sensor.bin, MA24108A.bin, MA24118A.bin, or MA24126A.bin).

b. Click Send File (a Sending File status message should pop up).
c. After the bin file is sent, click No in the Lock region(s) to lock pop-up dialog.
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B-3 power sensor, MA24108A, MA24118A, and MA24126A Firmware Upgrade

d. In the scripts group field, select Boot from flash (GPNVM 2), and then click Execute.

isd SAM-BA CDC 2.9 - USB POWER SENSOR

File Script File Link Help

at91sam 72512 Memary Display

Start Address : [D200000 Refresh | [ Display fomat
Size in byte[s] : | 02100 " asci O 8bit O 16L& 32-bit

0x00200000 OxEADOOO13 OxEAFFFFFE  0OxEA0O0OOSE OxEAFFFFFE S
0x00200010 OxEAFFFFFE OxEAFFFFFE  OxEAFFFFFE 0xE599820C
0x00200020 O0xE3A00004 OxES38ED125&  0OxES9ADOD4C 0xES9CD0O04
0x00200030 O0xEZ1DDO01 Ox125EF004  0OxES9ADO3C 0xEZ1DDF30

0x00200040 0x01CCS0ED Ox11CCE0B2 0x13A0D001 0x153CD004

NI NANRN N+F7 SFFNN4G AvFINFOANN  NwF32 1FN01 NwF?RF> NN

< >
DiataFlash AT450B/DCE ] EEPROM AT24  Flash ] NandFlash | MorFlash I SDHAM SRAM AT25/AT26
Diownload ¢ Upload File

Send File Mame : |E /1-Projects/USB-Power- Sensms.f\npulfArchlvefFumwaleReh = Send File

Receive File Mame : | D Receive File

Address : | 0100000 Size [For Receive File] : | 01000 byte(s] d ):mpara sent file with memory

Scripts

Boot from Flash [GPNYMZ] j Execute

ik | ock region|s) to lock

& Do you want ta lock invalved lock f&gion(z) (O ta 4] 7

-I- %5200 bytes written by applet

-[- WWriting: 0x5200 bytes at Dxa400 (buffer addr @ 0x202CA00

-I- 05200 bytes written by applet Yes | No |
-I- Wiriting: 03004 bytes at 0xFe00 (buffer addr @ 0x202CA0)

-I- 0x3004 bytes written by applet

(Poweryperthvult) 1 %

COW15| Board : ISE POWER SEMSOR) o

Figure B-18. SAM-BA Firmware Upgrade Utility

12. Close the SAM-BA interface and disconnect the sensor from the USB cable.
13. Reconnect the sensor.

If the status light is green, the sensor is programmed successfully and the Anritsu PowerXpert
application automatically detects the upgraded sensor.

PowerXpert UG PN: 10585-00020 Rev. V

www.tehencom.com



B-4 Recovering a Sensor Stuck in Firmware Upgrade Mode

B-4 Recovering a Sensor Stuck in Firmware Upgrade Mode

If for any reason the sensor becomes stuck in firmware upgrade mode, the message “Found a sensor in
Upgrade mode, Click here to Upgrade or Restore.” appears on the PowerXpert window (see Figure B-13
on page B-7). To recover the sensor:

1. Click on the message to begin the restore process.
2. Perform Step 7 through Step 10 in Section B-3.

3. When the SAM-BA utility screen appears, click the Execute button only to restore the original sensor
firmware.

4. Close the SAM-BA interface and disconnect the sensor from the USB cable.
5. Reconnect the sensor.

6. If the status light is green, the sensor is restored successfully and the Anritsu PowerXpert application
automatically detects the sensor.

B-5 Removing Old Upgrade Driver

Earlier versions of the MA24108A and MA24118A power sensors used an Atmel upgrade driver. This driver
must first be uninstalled from the USB devices listed in Windows Device Manager before upgrading the
firmware. Use the following steps to check for and remove the old driver.

1. To find out if your sensor uses the Atmel upgrade driver, start Update Firmware and follow the
instructions including disconnecting and reconnecting the USB cable.

The sensor should show up as Anritsu Sensor Upgrade Driver in Device Manager | Ports. If it does not
show up in the list and does not ask for a driver, perform the remaining steps to remove the old driver
and install the new one.

2. The old driver can be seen in Device Manager | Universal Device Controllers listed as atm6124.sys
ATMEL AT91xxxxx Test Board when you connect a sensor in upgrade mode. Right-click this item and
select Uninstall to remove this driver.

3. Disconnect and reconnect the USB cable at the sensor. The system should look for a driver and start the
Windows Found New Hardware wizard .

4. Follow the wizard instructions to complete the driver installation. You should now see the sensor listed as
Anritsu Sensor Upgrade Driver in Device Manager | Ports and be able to complete the sensor firmware
upgrade.
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Appendix C — Updating Power Sensor
Firmware - MA242x8A and MA243x0A Series

C-1 Introduction

Upgrade the Anritsu MA242x8A and MA243x0A power sensor’s firmware using PowerXpert. The current
sensor firmware can be determined by expanding the Sensor Information list in PowerXpert Figure C-1.

& % ©

Tools Settings Help

Sensor Information
=1 MAZ24218A, 0000100

5/N: 0000100

UsE
F¥#:R1.2.3.20150310.171114
FPGA:20141110_182431

Figure C-1. Checking Current Firmware Version

C-2 MA242x8A, MA243x0A Update Firmware

1. Download the latest firmware update file for your sensor model from http://www.anritsu.com and save it
to C:\Program Files\Anritsu\PowerXpert\.

2. Launch the Update Firmware command from the Tools menu. See Figure C-2.

s 1a ©

Tools Settings Help
: Zero Al Sensors

Capture screen...
Log Data...
Show Multiple Sensor Display...

(Offset Table
Update Firmware..
View Summary ...
Advance Measuremenrts »
Figure C-2. Update Firmware
PowerXpert UG PN: 10585-00020 Rev. V C1
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C-2 MA242x8A, MA243x0A Update Firmware

Anritsu MA24200A Firmware Updater

Menu

Sensor Information

Model MA24218A SN 0000100 R1.2420150310.171114

Select a Firmware File

Complimentary Anritsu Test Solutions

« Vector network analyzers
U pdate « Signal generators (analog and digital)
« Spectrum and signal analyzers

- Mary available as benchtop or handheld
EX”. instruments

Status

(0 of 6) Waiting

Hide Log

Thursday 1/21/2016 9:53 AM
To get the latest firmware, click on the following link:

http-/www.anritsu. com/en-US/Products-Solutions/Test-Measurement/RF-Microwave/Power-Meters-
and-Sensors/index.aspx

->= Select the sensor model.

-= Click on the “Library” tab.

-> The sensor firmware will be under the “Drivers, Software Downloads” heading.

Figure C-3. Firmware Update Screen

C-2

3. Select Browse on the Firmware Updater Screen. Refer to Figure C-3.
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C-2 MA242x8A, MA243x0A Update Firmware

BE1PROM E04 2010002153625 debug..

BEIPROM_T0.21 1.mes

BE1PROM_TD.3 20140621 mcs

| Recent Places BEIPROM_T0.3 200408,
Relesses e BE1PROM_TDA. 214090

BEIPROM_T0.5.200409!

BEIPROM

BEIPROM_

- [t MCS Cimes) -

Open_ 7]

Figure C-4. \Verifying Location of Firmware File

4. Select the .mcs file that you want to load into the Browse text box. Figure C-4.

Sensor Information

Model MA24218A SN 0oooio0 R1.2420150310.171114

Select a Firmware File

C:\Program Files (x86)\Anritsu\PowerXpert\Drivers\BE1PROM_T0.6.20140929.163218.mes

Complimentary Anritsu Test Solutions
s Vector network analyzers
« Signal generators (analog and digital)

« Spectrum and signal analyzers

- Iany available as benchtop or handheld
EXIt instruments

Status

(0 of 6) Waiting.

Figure C-5. Firmware Installation Update Screen
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C-2 MA242x8A, MA243x0A Update Firmware

5. Click the flashing Update button. The update process will be displayed on the Firmware Updater screen

Figure C-

6.

-

Anritsu MA242004 Firmware Updater

Sensor Information

Model MA24218A SN 0000700 R1.24.20150310.171114

File Selected

C:\Program Files (x86)\Anritsu\PowerXpert\Drivers\BE1PROM_T0.6.20140929.163218.mcs

Anritsu Power Measurement Solutions

U pdatl ng * Comprehensive offering with both traditional

meters and sensors as well as USB power
Sensors
* Thermal and diode based sensors
- * Terminating and in-line sensors
EXlt * True-RMS/average and peak power
measurements

Status

(3 of 6) Sending FPGA section...

Reading selected file.

File BEIPROM_T0.6.20140929.163218.mcs; FPGA 3825788 bytes; Firmware 1758602 bytes
Putting device into update mode.

Device is in firmware update mode.

Preparing device for new data.

(1 of 6) Clearing FPGA section.

(2 of 6) Clearing firmware section.

Done preparing device.

Sending data.

(3 of 6) Sending FPGA section.

Figure C-6. Updating Firmware Screen
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C-3 Recovering From an Unsuccessful Firmware Update

6. The Exit button highlights when the firmware update process is complete. Figure C-7.

-
Anritsu MA242004 Firmware Updater

Sensor Information

Model MA24213A SN 0000100 R1.24.20150310171114

File Selected

C:\Program Files (x86)\Anritsu\PowerXpert\Drivers\EB1IPROM_T0.6.20140929.163218.mcs

Anritsu Power Measurement Solutions

* Comprehensive offering with both traditional
meters and sensors as well as USB power
SENsOrs

* Thermal and diode based sensors

* Terminating and in-line sensors

* True-RM5S/average and peak power
measuremeants

Status

(6 of 6) Update complete!

Sending data.

(3 of 6) Sending FPGA section.

(4 of 6) Sending firmware section.

Done sending data.

Performing FPGA and firmware checksum.

(5 of 6) Performing FPGA checksum.

(6 of 6) Performing firmware checksum.

Done performing FPGA and firmware checksum.
Taking device out of update mode.

Done updating firmware. Cycle device power.

Figure C-7. Firmware Updater Complete Screen

7. Close the Anritsu firmware update application by clicking on Exit button and power cycle the sensor by
disconnecting USB cable and connecting it back to the PC USB port.

C-3 Recovering From an Unsuccessful Firmware Update

If the firmware update fails or is interrupted for any reason, the next time the sensor boots up it will use the
permanent backup firmware. To recover from an unsuccessful firmware update, simply disconnect and
reconnect the sensor to the PC and try again. When the displayed firmware version starts with “UPDATE_ME”
it means the sensor is running the backup firmware and will not be fully functional until a successful firmware
update occurs. The message “Update Firmware” will be displayed as shown in Figure C-8.

dE 0. =

Avecage Pomer Thws | 001GHz | Offet ‘

[ [dem - FW: UPDATE.ME_T01.2015010.154703
FPGA 20141110 162431

Update Firmware

|

Figure C-8. Update Firmware
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C-3 Recovering From an Unsuccessful Firmware Update

No Sensor Connected

A power sensor must be connected to update the firmware. The No Sensor screen Figure C-9.

indicates that:
e The USB connection has failed.
e The power sensor is not compatible with the current file being installed.

* No power sensor is connected into a USB connector.

Anritsu PowerXpert

%) an, @

et
Continuous  Time Slot Scope List Tools Settings Help

Continuous Mode
Duty cycle (%) 100

Sensor Information Port Num Mode! SerialNo

Relative |Oﬁ = |
Units |\:IBrr| > |

Aperture time (ms) 20

No Sensor

Log Data: OFF | Enh Mod: OFF | Step Det: OFF

Measurement hold |ﬁ|

General Settings

Zero sensor .
Power vs Time
FrequencyiGHz)

Auto average
Autoavgsrc
Averaging method
Averages

Offset (dB)

Range

Trigger
Source
Am type
Level (dBm})
Edge

Delay [ms)
Holdoff {ms)

6.70

Hysteresis (dB) .
Time span |

Time span (min) Power Max (dBm) Power Min (dBm|

Average Power Avgs Cal Freq

Scale Mode | Auto ¥ | Center marker

Offset

Mot Zeroed

Figure C-9. No Sensor Displayed
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Appendix D — USB/Serial Port Compatibility

D-1 Introduction

The SAM-BA upgrade utility is used with the MA241xxA models only. The SAM-BA upgrade utility requires
that the serial ports between COM2 and COM49 are used. You can find out the COM port number by going to
Start | Settings | Control Panel | System | Hardware | Device Manager | Ports (COM & LPT). Disconnect and
reconnect the power sensor’s USB cable from the computer and notice the new COM port number that appears
in the Ports list.

£ Device Manager

File  fction  Wiew  Help

g 2
+LMOdems A

+ Eé Manitars

+-EH& Metwork adapters

+- B PCMCIA adapters

= S Porks (COM & LPT)
(;yi Communications Port (COM1)
5 ECP Prinker Port (LPT1)
5 Toshiba BT Port (COML0)
& Toshiba BT Port (COM11)
9 Toshiba BT Port (COM12)
5 Toshiba BT Port (COM13)
& Toshiba BT Port (COM14)
9 Toshiba BT Port (COM20)
5 Toshiba BT Port (COM21)
& Toshiba BT Port (COM40)
9 Toshiba BT Port (COM41)
& Toshiba BT Part (COME)
& Toshiba BT Port (COM7)

+ ﬂ. Processars

+ @ Smatt card readers

+- @, sound, video and game controllers v

Figure D-1. Device Manager

If this number is less than 49, then the PC application will work fine. However, if Windows maps your serial
port to a port number greater than 49, such as COM51 or COM52 depending on which USB port that is being
used, follow one of the three options outlined below. Whichever method you use, you should only need to
perform the procedure once.

¢ Method 1-Download Updated Software
¢ Method 2-Trying a Different USB Port
¢ Method 3-Remapping a Serial Port
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D-2 Method 1-Download Updated Software

The preferred method for resolving serial port compatibility issues is to download software updates for your
product from www.anritsu.com.

D-3 Method 2-Trying a Different USB Port

1. Disconnect the USB end of your power sensor from your computer (or USB hub).

2. Connect the USB power sensor to a different USB port on your computer. Connecting to a USB hub tends
to increase the port numbers, so connecting directly to the computer’s USB port usually provides the best

result.

3. Open the Device manager to see if the new port assignment is between COM2 and COM49. If it is NOT,
return to step 1 and connect to a different USB port. If the port assignment is between COM2 and
COM49, the problem has been resolved and no further action is required.

D-4 Method 3—-Remapping a Serial Port

A serial port may be remapped to a different number, such as changing a serial port from COM19 to COMS5.
This may be needed if the methods above do not result in a serial port assignment between COM2 and COM49
or if you prefer to use a USB hub or a specific USB port on your computer.

1. Open the System Properties by going to Start | Settings | Control Panel | System, or simultaneously
pressing the Windows and Pause keys.

2. Select the Hardware tab and click the Device Manager button to open the Device Manager.

Spztemn Restore Automatic Updates Remate
General Computer Mame Hardware Adwvanced
Add Hardware Wizard

% The Add Hardware Wizard helps you install hardware.

Add Hardware 'Wizard

Device Manager

The Device Manager lists all the hardware devices installed
on your computer. se the Device Manager to change the
properties of any device.

[ Diiver Signing ] | Device Manager |

Hardware Prafiles

Hardware profiles provide a way for pou to set up and store
different hardware configurations.

[ Hardware Profiles ]

[ ok ][ Cancel l

Figure D-2. System Properties
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3. Click the + box next to Ports (COM & LPT) to expand the installed ports list.

£ Device Manager

File  Action Wisw  Help

mES 2 a8 =Ra

(=4 IDE ATA[ATAPL controllers A

m\é IEEE 1284.4 compatible printers

<2y [EEE 12844 devices

“» Keyboards

) Mice and other pointing devices

E, Moderns

E_-g Moritors

B8 Metwork adapters

[{l PCMCIA adapters

-5 Ports (COM & LPT)

8 ribsu MA24 064 | i

F‘f Communications Pork (COM1)
& ECP Printer Port (LPT1)
5 Toshiba BT Part (COM10)
5 Toshiba BT Part (COM11)
5 Toshiba BT Port (CaML2)
5 Toshiba BT Part (COM13)
5 Toshiba BT Part (COM14)
5 Toshiba BT Part (COM20)
5 Toshiba BT Port (CaM21)
5 Toshiba BT Part (COM40)
5 Toshiba BT Part (COM41)
5 Toshiba BT Part (COME)
5 Toshiba BT Part (COM7)

+-%98 Processors

+ Q Smart card readers

+- 8, Sound, video and game controllers

+

+

¢ Swstem devices
Universal Serial Bus controllers v

[ ] [ [ [ [

Figure D-3. Device Manager

4. Select the port that is assigned to the power sensor. Disconnect and reconnect the sensor and notice the
new COM port number that appears. The new port is the current port assignment for the power sensor.

5. Right-click on the new port assigned in step 4 above and select Properties from the pop-up menu to
display the properties for that port.

6. Click the Port Settings tab of the properties window.
7. Click the Advanced button to show the advanced property settings for the port.

Advanced Settings |[ERIRER . 2)x]
COM14 [in uss:
COr15
Use FIFO bul COMIE [in use compatible JART]
COMIY [in uze 0K

COM18

Select lower . . pnnection problems.
COM19 [in use, C |
COM20 [in use

Select high rf .
slect higher) - o) i rfarmance.

COM22 fin use, Detaults

Receive Butfer: Ll COM23 [in use J High [14]  [14)

COM24 [in use

COM25 [in uze
i - L COMZE [in use i

Tranzmit Buffer L COM [ e J High (18]  [16]

COM28 [in use

COm23

Com30 b

COM Port Humber: | COMZ29 e

Figure D-4. Advanced Settings for COM Port
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8. Select a COM Port Number in the range of 1 through 16. If possible, select a port which is NOT marked as
“In use” in the COM Port Number list. If all of the ports are marked as being in use, select port number
16 unless you know for sure that something is actually using COM16.

9. You will get an alert when you close the window telling you that the COM port number may be in use by
another device and asking if you want to continue. Click Yes to continue.

L Device Manager

Ele Action Yiew Help

m S 2 A

7 ASHARMADZ )
E. Batteries
-J Computer
“go Disk. drives
§ Cisplay adapters
i DVDYCD-ROM drives
B8 Human Interface Devices
=) IDE ATASATAPL controllers
qlﬁ IEEE 1284.4 compatible printers
iz IEEE 12844 devices
“Z Keyboards
__; Mice and other pointing devices
E, Maodenns
§ Monitors
B8 Network adapters
B PCMCIA adapters

o e O O s O O o B R B P S e B

Anritsu MAZ41064 (COMLS)
F‘g‘ Communications Pork (COML)
& ECP Pririer Port (LPT1)

- Toshiba BT Port (COM1O)
& Toshiba BT Port (COMLL)
5 Toshiba BT Port (COM12)
& Toshiba BT Port (COM13)
A Toshiba BT Port (COM14)
F Toshiba BT Port (COM20)
& Toshiba BT Port (COM2L)
- Toshiba BT Port (COM40)
5 Toshiba BT Port (COM41) v

Figure D-5. Device Manager

10. Close all open windows.
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