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SAFETY SUMMARY

The following general safety precautiomaist be observed during all phases of operation and maintenance of this
instrument. Failure to comply with these precautions or with specific warnings elsewhere in this manual violates safety
standards of design, manufacture, and intended use of the ingnt. Boonton Electronics assumes no liability for the
Odzai2YSNRa FlLAfdzZNE (2 O2YLXeée 6A0K (KSasS NBIdZANBYSyia

DO NOT OPERATE THE INSTRUMENT IN AN EXPLOSIVE ATMOSPHERE
Do not operate the instrument in the presence of flammable gases or fumes.

KEEP AWAKFROM LIVE CIRCUITS

Operating personnel must not remove instrument covers. Component replacement and internal adjustments must be
made by qualified maintenance personnel. Do not replace components with the power cable connected. Under certain
conditions dagerous voltages may exist even though the power cable was removed, therefore; always disconnect
power and discharge circuits before touching them.

DO NOT SERVICE OR ADJUST ALONE
Do not attempt internal service or adjustment unless another person, cadlsndering first aid and resuscitation,
is present.

DO NOT SUBSTITUTE PARTS OR MODIFY INSTRUMENT
Do not install substitute parts or perform any unauthorized modificatiamthe instrument. Return the instrument to
Boonton Electronics for repair to sare that the safety features are maintained.
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SAFETY SYMBOLS
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This safety requirement symbol has been adopted by the International Elexthmical Commission,
Document 66 (Central Office) 3, Paragraph 5.3, which directs that an instrument be so labeled if, for
the correct use of the instrument, it is necessary éder to the instruction manualln this case it is
recommended that reference be made to the instruction manual when connecting the instrument to
the signal source and USB host.

The CAUTION symbol denotes a hazard. It calls attention to an operational procedure, practice or
instruction that, if not followed, could result in damage to or destruction of part or all of the instrument
and accessoriesDo not proceed beyond a CAUTI®NnNbol until its conditions are fully understood

and met.

The NOTE symbol is used to mark information which should be reéaid. information can be very
useful to the operatr in dealing with the subjestcovered in this section.

The HINT symbad used to identify additional comments which are outside of the normal format of
the manual, however can give the user additional information about the subject.
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General Information

The usemanual provides the information needto install, operate and maintain thBoonton RT5000 Reallime
Peak Power Sensors and RJBD Reallime True Average PowsSensorsThe 55 Series Sensors are also supported
in this manual.

Chapterl is an introduction to the manual and the instrument.

11

Organization

The manual is organized into sevchaptersas follows:

Chapterl - General Informatiopresents summary descriptions of the instrument and its principal features,
accessories and optiongilso included are specifications for the instrurhen

Chapter2 ¢ Hardware mstallation provides instructions for unpacking the instrument, setting it up for
operation, connecting power and signal cables, and initial pavger

Chapter3 - Getting Starteddescribes the basic operation thfe RTP SerieReal-Time Power Sensoend the
Power Analyzegoftware.

Chapter 4 Operationdescribes, in detail, th€raphical User hterface (GUI) of thBower Analyzeoftware
and theRTP SerieRealTime Power Sensars

Chapter5 - RemoteProgrammingexplains the command set and procedures for operating the instrument
remotely.

Chapter6 ¢ MakingMeasuremens provides definitions for key terms used in this manual and on the GUI
displays as well as methodologies used to calculate automated pulsegmaaudk statistical measurements.

Chapter7 - Maintenanceincludes procedures for installing software and verifying fingle operation.

1-1
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1.2 Description

Boonton once again sets the standard for fast RF power measuremihtihie RTP SeridReatTime Power

Sensors . dZAf i 6 A (K -¢ RS 2 0ENIWISHNE OSaaAyIn {§ SOGUM2 f 2 T &
product line offers speed and accurawverseen in a USB form factofhe new line includes 6, 18 and 40

GHz models, and is designed foeasurement of wideband modulated signals.

TheRTP SerieRealTime Power Sensoexe the latest series of products from Boonton Electronics that
turn your PC or laptop using a standard USB 2.0 portarstate-of-the-art peakpower analyzerwithout

the need for any other instrumentPower measurements from th&TP SerieRealTime Power Sensors
can bedisplayedon your computer or can be integrated into a test system with a set of-defined
software functions.

The RTB000RealTime Peak PoweBensorsnclude the modelfRTP5006, RTP5318, RTP5340, RTP5518,
and RTB540. Collectively they cover a frequency range of 50 MHz to 40 GHz. Offering broadband
measurements with risemesupto 3 ns, time resolutiof 100 psand video bandwidthsip to 195 MHz

TheRTP4000 Redlime Peak Power Sensamnslude the modelfRTP4006, and RTP4106ollectively they
cover a frequency range dfkHz to6 GHz. Offering broadband measurements with tiseesup to 2 us
time resolution and video bandwidthgp to 175 kHz

The RTP SerieReaiTime Power Sensoenable rapid pulse integrity determinations. Effective sampling
rateisup toone hundred timegaster than conventional power meters so finer waveform details are visible.
They perform automaticapture of pulse powerpvershoot, droop, edge delay and skew timiagd edge
transition times.

TheRTB000RealTime Power Sensors have exceptional trigger stabildf/less than 100 ps triggéitter
regardless of the trigger souraehich yields much greatavaveform detail because a stable triggeriqo
yields a stable waveformUsing dedicated trigger circuitrather than softwarebased triggering provides
precise timestamping of relative triggeto-sampledelay. This precision permits the use of random
interleaved sampling (RIS) for repetitive waveforms with resulting effective sampling rate of MHE®/s
permits accurate, direct measurement of fast timing events without requiring interpolation between
samples.

Real Time Power Processfters new possibilities for power integrity measurements because every pulse
is analyzed andone are discardedTrace acquisition, averaging and envelope times are drastically reduced
resulting in simultaneous analysis of average, peak and minimum Power.

TheRTRSerieRealTimePowerSensorsare supported byhe Power AnalyzeSoftware, a Windows based
software package that provides control and readout of the sensdirss an @asy to useprogram that
provides both time and statistical domain views of poweaveformswith variable peak hold and
persistence views Power measurementsare supported usingautomated pulse and statistical
measurements, power level and timing markefide GUIapplicationis easily configuredith dockable or
floating windows and masurement tablethat can be edited to show only the measurements of interest

TheRTP Series Power Sensor Programming Refemroeales basic information on using the RTP Series
RealTime Power Sensor Application Programming Interface (ARIh ienduser application. Th&PI
consists of a Dynamic Link Library, which is required for use dPdlaeer Analyzer Software The API
includes a programming reference, as well as code examples for C++, C# and Visual Basic.

1-2
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1.3

The RTP SerieRealTime Power Sensorsare ideal for manufacturing, design, research, and service in
commercial and military applications such as telecommunications, avionics, RADAR, and medical systems.
They are the instrument of choice for fast, accurate and highly reliable RF power nmeastseequally
suitable for product development, compliance testing, and site monitoring applications.

Architecture

The Sensor functions as an uHest, calibrated power measurement tqathich acquires and computes

the instantaneous, average and peak RF power of a wideband modulated RF signal. The internal A/D
convertersamples the detected RF sigralup to 100Msamples/second, and a digital signal processor
carries out the work requéed to form the digital samples into a correctly scaled and calibrated trace on the
display. Figure.1lshows a block diagram of the peak power sensor.

DETECTOR DC SIGNAL
AMPLIFIER DIGITIZER

RF SIGNAL RF ENVELOPE DIGITAL OUTPUT TO USB
—— e = < ADC gt RTPP™ gt
FROM DR SIGNAL SIGNAL INTERFACE

DIGITAL PROCESS50R

Figurel.l RTP SeridReaiTimePower SensomBlock Diagram

The first and most critical stage of a peak power sensor is the detector, which removes the RF carrier signal
FYR 2dzildzia GKS YL AGdzRS 2F (GKS Y2RdzZ FdAy3 airdy
0 KS &Sy a2 tkkkihe poiver énfelbpe ofithe RF signal. The picture on the left in Bigubelow
aK2ga K2 | RSGSOG2NI 6AGK AyadzZFFAOASY(H o0l yYROARI
therefore affecting the accuracy of the power measurement. Thealer on the right has sufficient video
bandwidth in order to track the envelope accuratelyhe fast detectors used in peak power sensors are by

their nature nonlinear, so shaping procedures within the digital processor must be used in order todmeari

their response. When measuring instantaneous peak power, a high sample rate is important in order to
ensure that no information is lost. TIRTP SeridReaiTimePower Sensorsave a sample rate of 10MHz
(RTP5000) or 25 MHz (RTP40@dpnbling captte and analysis giower versus time waveformat very

high resolution.

Detector with Insufficient Bandwidth Wide Bandwlidth Detector

M

Volts

M| "l (I

e

Volts

|
|

"',."“’"

R

Time Time

Figurel.2 Detector Envelope Tracking Response

1-3
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1.4 Accessories

TheRTP SerieReaiTimePower Sensorare shipped in @arrying case which includes the following
accessories:

1 USB Typé Cable (6 ft)

1 External Trigger Mul/O Cable (SMB to BNC)

1 Trigger Sync Cable (SMB to SMB) for triggering multiple sensors

1 RTP Series Welcome Card containing URL to downlodédaler AnalyzeSoftware, driversand

documentationon Boonton website

1-4
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2. Hardware Installation

This section contains unpacking and repacking instructions, power requirements, connection descaptions
preliminary checkout procedures.

2.1 Unpacking & Repacking

USB SENSOR

CARRYING CASE

CABLE
USBTYPEA TO —CABLE
LATCHING USB TYPE B / SMB TO SMB
CABLE
SMB TO BNC

Figure2.1 RTP SeridRealTimePowerSensas kit contents

The RTP SerieReaiTime Power Sensarare shipped complete andire ready to use upon receiptFigure 21
illustratesthe various pieces included with tip@wer sensor and where they are loaded into the containActual
details may vary from the illustration.

' NOTE Save the packing material and container to ship ithetrument, if necessarylf the original

materials (or suitable substitute) are not available, contact Boonton Electronics to purchase
“: replacements.Store materials in a cool, dry environment.

2-1
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Before you start, make sure you have the following items in ypourer sensorpackage as shown in Figure 2.2.

1. Power Sensor

2. USB TypaA Cable (6 ft)

3. External Trigger MuitiO Cable (SMB to BNC)

4. Trigger Sync Cable (SMB to SMB) for triggeririgpheusensors

5. Information Card on where to find related software and documentation

Figure2.2 RTP SeridRealTimePower Senssiaccessories as packed for shipping

If anyof these items are missing or damaged, then please contact your local representative immediately and refer
G2 a/2y0F0G YR {dzZLLR2NIE¢ aSOGA2Yy 2F GKAA 3IFdzARSO

2-2
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2.2 Installing thePower AnalyzefSoftware

This section describes the installation and usthefPower AnalyzerSoftwarefor RTP SeridRealTimePower
Sensors. Before you start, check your PC for software compatibility.

CAUTIONDo not connect theower sensorto your PC until you have installed thewer Analyzer
Software

ThePower AnalyzeSoftwarerequires the following minimum computer characteristics:

Processor 1.3 GHz or higher recommended
RAM 512 MB (1 GB or more recommended)
Operating System Microsoft® Windows® 10
Microsoft® Windows® 8 (3t and 64bit)
Microsoft®wWindows® 7 (3Dit and 64hbit)
HardDisk Free Space Min 1.0 GB free space to install or run
Display Resolution  800x600 (1280x1024 or higher recommended)
Interface USB 2.0 high speed

Procedure:
To install thePower AnalyzeSoftware, follow these stes:

Installthe Power AnalyzeSoftwareby selecting@ erainsialier | The installation package can be downloaded from
"Manuak & Software" section of the product page on Boonton website:
https://www.boonton.com/products/realtime-power-sensors/rtp500&reattime-peakpower-
sensors?go=manuals_software

D¢eKS LyadlttldAazy LINEPAhsalledSE SEY B KA IKG § RWies/yolld&yWyr A v A
select the eramstaler for the first time,read the license agreement, accept it and thaick on "Install” in
order to proceed with the installation pross.

2-3
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Boonton Power Analyzer Installer

Boonton Power Analyzer Installer

You must agree the license terms and conditions before you can
install Boonton Power Analyzer Installer.

“Boonton Power Analyzer” . |
END-USER LICENSE AGREEMENT

IMPORTANT-EEAD CAREFULLY: This End-User License
Agreement ("EULA") iz a legal agreement between you (either an
individual or a single entity) and Boonton, 2 subsidiary of the Wireless
Telecom Group, Inc., for the Boonton software product identified
above, which includes instrument software and may include associated
media, printed materials, "online” or electronic documentation, and
Internet-based services {"Product"). An amendment or addendum to
thiz EUL A may accompany the Produoet.

TOU AGREE TO BE BOUND BY THE TEEMS OF THIS EULABY
INSTATLING, COPYING, OR. OTHERWISE USING THE
PRODUCT. IF YOU DO NOT AGREE, DO NOT INSTALL OR USE
THE PEODUCT; YOU MAY RETURN IT TO YOUE. PLACE OF
PURCHASE FOE AFULL EEFUND.

1. GEANT OF LICENSE. Boonton Electronics grants vou the
following rights provided that vou comply with all terms and
conditions of this EULA:

[ ] 1 agree to the License terms and conditions.

Figure 2.3

Getting Started
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(2) By defaultthe mainsoftwareapplicationwill be installedn the following folderC\ Program Files
(x86) Boorton\ Power Analyzer. Once the installatiomassuccessfullgompleted Clicki KS ¢/ f 2 4 S ¢
button to exit the wizard.Double clickhe Power Analyzeicon on the desktop téaunchthe application

Boonton Power Analyzer Installer

Boonton Power Analyzer Installer

Installation complete

Thank you for choosing Boonton Power Analyzer Installer!

Figure2.4

Getting Started 2-5
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2.3 SensorConnectons

The end panedf the RTP SerieRealTimePowerSensor shown irFigure2.5, has two connectors and the Status
[ 95 ® ¢t KS OSy i S WMped Dy WEDBA Kutorikcs theddivé #nsbtto the host computer.
The connector labelled Multi I/O is an SMB plug aad ®rve asa trigger input status output, or as a trigger
synchronization interconnect whenuttiple power sensorsare used.

oL MuLTI
STATUS 110

€)

Figure2.3 The power sensor end pane|
showing the connectors and Status LE

Connect thepower sensorto your PC through the supplied USB calete that the cable should be secured to
the sensor using the captive screw on the USB plug. The power sensor is USB 2.0 corttpatiblEommended
that you use the USBEable supplied with your sensor.

Connectpower sensorto RF SourceAll RTPSeriesReaiTime Power 8nsois models are equipped with eithex
precision TypéN male RF connectar aprecision,2.92 mmmale RF connectorConnect thepower sensor to the
RF signal to be measured

1 CAUTION:Do notrotate the body of the sensor whamnnecting the sensor to a unit under test
(UUT). To avoid internal sensor damage, connect and disconnect the sensor by turning the metal
nut only.

9 CAUTION: Ensure that you do not apply any excessive force on the sensor once it has been
connected.

1 CAUTIONDo notapplyRF power levels greater than +20 dBm to the RF input of the sensor

2.4 Power Requirements
TheRTP SerieRealTimePower &nsors require 2.5 Watts at 5 Volts, this upglied via a USB port. Thewer
sensorMUST be connected toldSB 2.0 port that is able to supply the full 508.

' NOTE: Usually a USB 2.0 port is capable of supplying 500 mA current through its\gben an
unpowered USB hub is used (sometimes the hintbeial), available current may need to be shared
"c between connected devices.
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2.5 Status LED codes

The end panel, shown in Figu2e, includes a Status LED. The color and flash paittdicatethe sensors statsi
as indicated on the label on the side panel shown in Figige

/4 Boonton e i kP St

SO MMz to 6 Giex
60 88 10 +20 dBm

(RTPP}

O No Powor
Int Fault
Free Running
Triggered

O Auto Triggered
Armud
Stopped
Overicad
Cmd Error

Figure2.6 The information labalon theRTP Series ReEimePower Sensor contain information on th
maximum power levels the device can handle and the meaning of the various status LED flash pz
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3. Getting Started

This chapter will introduce thRTP SerieReaiTimePower Sensa& and willdiscuss basic connectiamd operation.
For additional information please see Chapter 4 "Operation.”

3.1 Connectinghe RTP SerieRealTimePowerSensos

Following unpacking and software installation discussed in Chapter 2 of this gsetesa device can be corcted
to the USBbort of the PC.

When the sensor device is first connected to the USB port, there will be -iroadriver file installation. Wait
until you see an automatic device detection message and Windows OS installs the driver file. Note, redelesr
operating system may behave differently. Contact Boonton Electronics if you have a problem

RTP 5006 Peak Sensor x|
<% Device driver software installed successfully.

»

L @

Figure3.1 Windows popup showing that tH8SB Driver for RTS&nsos has been installed.



@Boonton

RTP Series Redlme Power Sensar

3.2 Introduction to the Power AnalyzeSoftware

Once you have installed the software, configured your USB drivers and connectaairteesensor to the PC, you
are ready to make measurements usthg Power AnalyzeSoftware.

NOTE TheUSB Driver faARTPSensasfile is provided by Boonton Electroritfreless Telecom Group,
"c' and digitally ggned by Microsoft Corporation.

Openthe Power Analyzeoftware fromii KS & . 22y (i 2 y ¢ 3AdGRrtdMEnuiolpy doukIS clickitigyoiR 2 &

the desktop icor! :

A splash ereen will welcome you to the application.

@Boonton Power Anal

Version: 4.0.0.0

Figure3.2 ThePower Analyzefoftware splash screefor version3.0.12.0.
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Under "Available Resourcés a pop up box will appear as below with the list of connected devices name and
hardware information. The initial view of thePower AnalyzeiSoftware is shownin Figure 3.3, although display
colors may be different.

Available Resources: 1

Selectup to 8 resources per Virtual Power Analyzer:
Select Meter Type Channel Rescurce Virtual Power Analyzer Alias

» e — CH1 USECO IBFEZ(xSS00:8933:8TN. USBCOx 1BFE-DnS500:8933:8.

I C, Refresh List @ New Virtual Pwr Analyzer
. e e

Figure3.3 The Available Resources box shows connected devices

In the Available Resources windovk 8 O SélekéS ai &ne or more connected sensoithen click”New
Virtual Pwr Analyzet. This will launch aew Virtual PowerAnalyzerinstance containing trace and control
windows. If you have a RF signal connected already to the USB sensor, the measuré&ignél | @i apgebidy’
in the tracewindow.

I G+ANIdz-t t26SNI ! ylFteal SNE A& | it dned shateisenSods cdnne@ed.y OK (
Time and trigger controls are typically common to all sensors within a Virtual Power Analyzer, while-spawiii

controls are available for most other settings. This offers siger familiar, multichannel approde common to

power meters and oscilloscopes.

When independent control of timebagselated settings is desired, it is possible to open multiple Virtual Power
Analyzers, each with their own full set of controls.
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3.2.1 Docking Windows

The Power AnalyzerSoftware uses dockable windows to allow the user to arrange the various windows in the

configuration of their choice.You can drag a docked window by clicking its title betmis action enables you to
move the window to a diffenet docked position or undock.it

To dock tool windows
9 Click the tool window you want to dock.

91 Drag the window toward the middle of the software main window.
1 A guide diamond will appear with four arrows poingtoward the four sides of the main window.
1

When the tool window you are dragging reaches the location where you want to dock it, move the pointer
over the corresponding portion of the guide diamonthe designated area is shaded blue.

1 To dock the window in the position indicated, release the mouse buttdéote that docked windows can

be overlapped By selecting individual tab it is possible to resize each tool windows and can be repositioned
as below picture.

1 Alternatively, you can dik a tool window to a portion of one of the side walls of the software by dragging

it to the side until you see a secondary guide diama@lick one of the four arrows to dock the tool window
to that portion of the side wall.

The following diagram showtke guide diamonds with arrows that appear when you drag a tool window toward
the center of the Boonton software main windowhe diamond on the right edge only appears when you drag a
tool window toward the edge of thenain application window

Fild View

~@

Virtual Power Analyzer - 55518/9278 (]

8 coor i Trace [ Avto Mess @igStst Mess |- [ TimeTrig 4 Chsmnel [llMsrk 88 Pulse Det ¥ StatCot

fun @ stop @Y single <

Graph View — 55518(9278 [

Drag Window to this Arrow - Highlighted Blue Box
Touch Arrow with Cursor to

Guided Diamond with Arrows

4 control

Channel ct
v) Info
) Vertical
Scale 10 dB/div

Units | dBm

Center 200 3 | dbm

I=—= CIEIEE s m om0 0 )0 e\ w ) @-~wus

Figure3.4 Docking a sidebar to the left side of the display
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NOTE Each of the tool windowis highlighted asa rectangular box to be positioned by draggingany
' directionwithin the main window. Figure 3.4soneexample, but you can always rearrange these tool
'.c windows as you prefer to see them within your main software window.

3.2.2 Main Application

The main application window is divided into several major sections and dockable windows depending on the type
of measurement selection.These windows can be arranged easily by docking and undocking within the main
application display area.

3.2.3 Available Resourceg/indow:

Sensors can be selecté@m the "Available Resourcéswindow. A description for each connected resource will
indicatethe hardware version, model and channel information including alisgr can select up to eight resources
per Virtual Power Analyzeri-ollowing resource selection,ak on "New Virtual Pwr Analyzeand anew Virtual
Power Analyzeinstancewill open witha default configuration suitable for pulse measurements

Available Resources: 1

Selectup to 8 resources per Virtual Power Analyzer:

Select Meter Type Channel Resource Virtual Power Analyzer Alias
> a = CH1 USB:0x 1BFE:OxSS500:8933:BTN USBEOx1BFE::0x5500:3933:8..

Figure3.5 Selecting a sensor using the Available Resources box

3.2.4 The Main Toolbar

EachVirtual Power Analyzer displagdviain Toolbarat the top of itswindow which hosts shortcuts to commonly
used functions and measurements. TWain Toolbar is shown groupedndividual groups can be dragged to re
order or compact the toolbar.

‘CCDF Measurement Run Measurement
Pulse Measurement Stop Measurement
Automatic Measurements
Single Run Measurement
Statistical Measurements

Modulation Measurements Clear Measurement

nitialize Measurement

8 ccor i Trace H Auto Meas i stat Meas [l Mod Meas _|: Rl TimerTrig ## Channe! [l Mark 8§ Pulsz Def ¥ Statcntl i - Run @ Stop @8 Single (3 Clear o Init | @Swap,‘change - gsave Mem Chan ~ gumoau Mem Chan ~ |_

Upload Stored Memory Channel

S

-

atistical Control Settings

Pulse Definition Settings Save Memory Channel
Marker Settings Change Sensors

Channel Control Settings

Time and Trigger Settings

Figure3.6 Main Toolbar ControJshown grouped
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3.2.,5 Trace View Window

In order to display a pulse measuremensels mustselectthe [E icon from theMain Toolbar.

. o Ti i . .
The@ settings and settings related to pulse measurement can be selected fidain

Toolbar and carbe applied to the measurement.

Virtual Power Analyzer - USB::0x1BFE::0x5500::8933::BTN

Ii CCDF|| 4 Trace ];E Auto Mea‘ﬁﬁ Stat Measi & Time/Trig |##* Channel [§» Run l & Stop ]m Single [.,9 Clear[ Initl

Figure3.7 Use the Trace button on the Main Toolbar to display and setup a pulse measurement

A measurement windoveonfiguration suitabldor pulse measurementis shownin Figure 3.8 This shows a large
trace window, automatic measurements, and a tabbed control box for time and channel settings

Boonton Power Analyzer o 2 =
=
Virtual Power Analyzer — USB::0x1BFE:0x5500::8033:BTN =2 v B
|Mccor @ Trace B Auto Meas (# stat Meas [ Time/Trig ## Channel | > Run @ Stop @¥ Single €3 Clear & Init
Automatic Measurements v 3% Graph View - USB::0x1BFE::0x5500::8033:BTN & 5 || channel control 8%
Pulse o @ Triggered Channel WcHL 7
— CHL: 5 mw/div H Serial: 8933
Parameter cir [ VCent: 17.0 mW
e Model: 55318
PulsAv  31.681 ni Firmware: 20140702
e
PusPk  33.276 ma 1 2 Vertical
Ovrshi 0.200 % | | Scale 5 mW/div ad
Droop 1.400 % ;
- Units Watts e
Top 31.785 mw
Botom  966.20 nW |~ Center | 1705 mw
EdgDly  5.3025 ps
Skew 0.00ns | Sensor
Click here to add a new o | Enabled ‘ = ‘
Marker Measurements [l Averaging [ EB‘
Parameter e 4 VideoBW ~ @High  Olow
MkAvg  26.382 mn Frequency 10003 Gz
MiMin  -11.742 pw | |
MkMax  33.360 mw <
ivar L8655 ma Cal & Corrections
MiMinF  413.87 nd dB Offset 003
MKkPK2A  126.500 % B
MKilv  1.2588 pW \
Mk2Lvl  34.318 u e
MKkMaxAv  26.569 i |
MkMinAy  26.072 nin = -5.32 us 2 ps/Div 14.68 ps
Save As Default - Horis & Vert - I | Ll_l
@ Export.. ¥) [l i Moz & Ver _:;‘ Channel Control | Time/Trigger
[Meas State Triggered _ Sample Rate: 10000 MSa/s _ Trigger Rate: 1000.0 sweeps/s
Available Resources: 1

Figure3.8 Main application window othe Power Analyzefoftware.

The Power AnalyzerSoftware allowsthe user to directly enternumeric values for most settings in tt@&hannel
Control and Time/Triggevindows For many of theontrols, additional methods such as increment/decrement or
preset buttons are available
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Trace Pan and Zoom

Themouse can be used &elect a zoom area to view detail in an area of interesthendisplayed waveformThe
highlighted dragged rectangularea indicates the minimum area that will be shown when the zoom operation
completes.

Horizontal paror zoom adjusts the timebase (within preset values) and the trigger deldghlight an area of
interest without vertical rescaling

The user can algdirectly pan ozoomto waveform areas of interedty selectinganyoption from the lower toolbar
of the trace window. Available options for zofpan controlare: Horizontal & Vertical, Horizontal, Pan and None
with Undo and Redo selaons.

B Horiz & Vert

Eoh e Il iz & Vet |
Honzontal
'-}-6 Pan
® None
L l

Figure3.9 Clicking on the Trace View display and dragging will open a zoom box, releasing the mouse button will result in the
trace being expanded to show the area contained in the zoom box

AutoSet

4N,
The % “**** putton below the trace windowattempts to configurelevel scaling, trigger level and timifgr a
G0Sal TAGE RAALXF& 0l a S amicd signal. YAl Btheripdzinteters afdsetbackth Y 3
defaults. If theAutoSetproces fails, all settings are left untouched.

Trace Data Export

-
Any trace window can be exporteahd saved oprinted as a PDF or CSV document by selenl @ Emm”" button
from the lower toolbar of the trace windowAn exported trace file camasily be importednto a spreadsheet or
other report file or documentation.
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3.2.6 Channel ContrbWindow @ Channel Contol 59X
o ] A
select®. 2! | icon and adockablesidebar wil appear on theght- = crunsel  cr1 -1 @ mem

handside of themain application windowy default. This allows you to
change all related settings to contraine or more sensor channels.: a ' info
Channel control setting is defined by sealeparameters as listed below.

Seial: 9278
Channei Select one oall channels (for mukthannelsyia thedrop- | M€ ik
down list. Selecting the "All" permitsimultaneous update on all :

. FPGA: 20151116
measurement channels (up to 8) farost settings e

Units: SelectsdBm, Watts or \olts measurement units Selection | [l Mark Cotri..
affectsdisplayed text, measurementandtrace B Puise Det

Vert Scale/ Center. Sets verticalamplitude scalingand centeringdf | o | vertical
the displayedwaveform. These settings affect only the trace display.

Scae 10 dB/1iv

Sensor EnabledEnable or disablendividualconnectedsensos. Unts  dBm -
. Certer -8.2 T dBm
Trace Avg Sets number of acquired sweeps averdgegether for
displayed tracen pulse/triggered modesUseful for noisy signals
| A | Sensor

Mod FilterFilter Mode: Setsmanual or automatidilter integration |¢ . ==
time window for measurements in modulated (nontriggered)
acquisition modes Trece Avg 8

Mad Filter 1.000 7 s
Peak Hold Mode/Decagount Sets peak hold duration (# of sweeps! fisr Mode o =
Tracks Trace Avg setting or may be independent.

A Peak Hold
Video BW Selects sensor video bandwidth, high or low.

NMade Manual

Frequency Sets measuremerftequencyfor the applied RF signal Decay Count

Cal&Corrections Offset compensates reading for external gain/loss
ViceoBW (@ High (Olow

Zeroing and Fixed cal Sensor zeroing and fixed calibration can || frequency 1.000 $  GHz
performed by selecting each specific button.

| ~ | Cal & Corrections

Ofset 003 dB
Zero

Fixed Cal

< »

Figure3.10 Channel Control Menu
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3.2.7 Time /TriggerSettings Window

T T
By selecting=— —Zlicon you will be able to customize all related settings for both timebase and trigger of a
pulse signal.
Timebase Acquisition time in seconds per divisiolhepowersensors | —
X . e . . Time/Trigger E R
use a fixed grid of 10 divisions for teeeep extents Settings are in a-1
2-5 sequence. Consult series specifications for timebase range 2) Time —
Trigger Delay Trigger delay can be adjustdry manually enteringa | | fimebase 100 ps/div -
numerical value into the field or usiniye up-down arrow keysClick the —— _
ané A O2 e trigger dulBta Bio secondRTP5000nly). o] s | @
Trigger Position Trigger position can be changed by entering numeri| (»/ Trigger Position
values into thedDA @ A afield, glidking the scroll arrowslraggingthe
slide ontrol, or by clicking the L/M/R (LeRiddle/Right) indicators =00 | Divisions
Trigger Source:  Several trigger modeare available for each trigger 1 - "
source under "Trigger Control" sectionrMultiple trigger sourcesare
available under thedrop-down list including both"Internal" and ! .
"External" selection. L i
Trigger Mode SelectNormal, Auto, AutoLevelr Free run.
~ | Trigger Control
Trigger Level Sets tigger levelwhen trigger source is INT anttigger couce [cH1 5
mode is Auto or Normal
Made AutolLevel -
Slope Select rising or falling edge triggering
Level 10 dBm
Holdoff: Sets trigger holdoff time andelecs betweenNormalor Gap
holdoff mode. Sope  ©fBPos  OfNeg
Trigger Skew AdjustmentThisfeature allowghe user to adjust the skew| | Holdoff 0.00(% s
for internal trigger with master trigger output, and also external and slz
. . . . Holdoff Mode Gap -
triggers. Skew adjustmentallowto calibrate out trigger delay betweer
sensors sthe user can measure propagation delay of the DUT from in _ _
to output. Manual skew adjustments can be made by entering the sk * T9gerSkewAd
value in the numeric entry fieldThe button to theright of each skew| |t o.o@ ns | (| cHl
adjustment is the Autéskew button which is described in defaikection _
4.1.5. This feature allows automatic adjustment of the skew. = ods] s (@ o 8
Slave U,UE{ ns ﬁ CH1L |~
T o
Time/Trigger | Marker Settings

Figure3.11 Time/Trigger Menu
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3.2.8 Marker Settingswindow

Marker Settings < & &3
L Mark . .
Clicking the Ll button will open a window to control
settings for time markers and amplitude reference lines of Markers
pulse signal.
Marker 1 —5@ s

Markers. Time Marker position settings will allow you to )
change both marker 1 and markertifne positions by using Delta 305.0 ps
either arrow keys or entering numerical values into the fidtd. M . =

. i . Varker 2 300/=| s
will also display théime delta value betweeithe two markers.

Reference Lines Also known as Horizontal Markers, can

. o Refi Li
enabled by selecting @0ff button for each individual channel SIETEncE Hne

Onceenabled usersmay select several optionfor automatic Channel CH1 -

amplitude trackingfrom the Tracking drop down list Off,

Markers, TopBottom, DistalMesial and DistalProximako Enabled Off

reference lines can be set by using up/down arrow ke§ _

Horizontal markers are usdfto determine the difference with||  /cking  |Off N

regard to loss. Refiine 1 00| dm
- I P B

Figure3.12 Marker Settings Menu

3.2.9 Pulse DefinitiondVindow Pulse Definitions o 2R

Pulse Thresholds: Pulse definition setting allows user to defin
distal, mesial and proximal values for pulse thresholtisis also Channel CH1 2
possible to changpulse unit from watts to volts.

Pulse Gate: Pulse start and end gate can be changed bC jpode rTPs006
numerically and by changing wgwwn arrow keys.

Firmware: 20160226

Pulse Thresholds

Distal 90.00'5
Chapter 6 contains a detailed description of each pulse threst = = (¢
leveland the pulse measurement process e —

Proxima 10.00;51 %

Pulse Units Watts i

Pulse Gate

Start Gate 5.0051 %

End Gate 95.00 %1 %

Figure3.13 Pulse Definitions Menu
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3.2.10 Automatic Measurements Window

HH Auto Meas

Selecting icon will allow you to display a tabulated field with a list of parameters for RF pulse
measurements including marker measurementBelow is an example screenshot for automatic parameters
dispayed fora typicalpulse measurement.

NOTE All fieldparameters are customizable, can be edited or deleted from the list. The whole table
l can be copied and pasted into a spreadsheet in order to make any custom report file along with captured
'lc screenshots by selecting export button as provided by the software

Pulse Measurements §l Marker Measurements [l !
Parameter CH1 Parameter CH1 -
Width 20.000 ps MkAvg -4.747 dBm
Rise -.——— 5 MkMin -Low- dBm
Fall -.—— 5 MkMax 15.304 dBm
Period 1.0000 ms MkMaxF  12.109 dBm
PRF 1.0000 kHz MkMinF  -31.056 dBm
Duty 2.000 % MkPkzAa  20.051 dB
Offtime 980.00 ps MLyl -30. 388 dBm
WavAy -4.897 dBm Mk2Lvl -30.060 dBm
Pulsfv —.—— dBm MkMaxav -4.738 dBm
PulsPk 15.351 dBm MkMingdy -4.759 dBm
OvrSht -.—— dB MicIMin -Low- dBm
Droop ———— dB MkiMax -19.058 dBm
Top 12.071 dBem Mk2Min  —Low- dBm
Bottom -30.093 dBm MkZ2Max -17.894 dBm
EdgDly 355.01 ps MkRatic  -0.329 dB
Skeew .00 ns MkDelta 0.224 dBm

MkRDelta -0.224 dBm
MkRRatic -0.224 dB

Figure3.14 A list of automatic paramete MkiTime -1.2850 ms -~

displayed for a pulse signal measureme Figure3.15 A list of marker measurements
displayed for a psk signal.

#Click here to add a new row

Getting Started 311



@Boonton

RTP Series Redlme Power Sensar

Customize Field Parameters:

All field parameters under automatic measurement a Pulse Measurements 8 Fu
customizable, can be edited or deleted from the list by select

individual parameter fields and then by usimnght clickbutton of the Parameter CH1 -
mouse.

FEF 1.0000 kHz

» DU . :
o

Of Py

W Paste

Pul Edit

PUl  Clear Value

Ony

Delete Row
D
Top 12.083 dBm

Figure3.16 Right click on a parameter to acce
the edit pop up.

Export or Copy Field Parameters:

The whole automatic table or individual parameter field can be cop Pulse Measurements §1 Pu
and then pasted into a simple spreadsheet or document in order

make a custom report file along with captured screenshots provic Parameter CH1 “
by theapplication PRE 1.0000 kHz
Duty 2.000 %

Offtime 979.99 pus
=W :
Pu
Pu
O Edit

D Clear Value

To
Delete Row
BDI.I.I._IIH A e uEm

Copy

Paste

Figure3.17 Select multiple parameters and
right click to copy.
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3.2.11 Display Setting&Vindow

This option allow$he user tocustomizedata andrrace colors foeach neasurementchannel, and enable or disable
trace display featuresuch &Average Envelope Maximum, Minimum andPersistence It is also possible to adjust
marker color, background, grid colors and more under "Graph Colors" section of the display séttitegthe
Envelope, Min and Masettings have no effectwhen usingRTP4000 models.

;EDisplay Settings = TR
Trace
CH1 -~| Color: Yellow
[¥] Show Avg [] Show Max [] Show Persistence
[#] Show Envelope ] Show Min
Trace Refresh: 10% ms

[[] Disable HW Acceleration

Graph Colors

Grid Color: 75 1355
Crosshair Color: o 135.5
Marker Color: B red

Active Marker Color: 120, 208, 255
Background Color: BMciack

Time Label Color: o 135.5
Border Color: o 1355

Close

Figure3.18 Use Display Settings to customize the display.
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3.2.12 CCDNiew Window(RTP5000 Only)

For statistical measurements, seleéhe icon from menu bar to view a CCDF grafiihesidebar onthe
CCDF screen allsadjustment ofhorizontal scale, horizontal offset, cursor type, cursor position anoff$Bt. The
user can also enable/disable captuwereset the statistical data acquisition

Boonton Power Analyzer oo
B e view v @
Virtual Power Analyzer - USB::0x1BFE:0x5500:8933:BTN T
| &8 CCOF |5l Trace [EAum MeasEStA(Meas @T\meﬁng [## Channel [ - Run | @ Stop [ Single |3 Clear | & Init
2 |Statistical Measurements  + = x| | CCDF Graph - USB::0x1BFE:0x5500::8933:BTN | Graph View — USB:0x1BFE:0x5500:8923:BTN 7 X |Marker Settings --x
5 o
3 - =
Z | | statistical Measurements Total Time: 000020
= CCDF Graph Markers
g Parameter cHL Points: 4504 MSa e 1 S
£ 10% -16.194 dB arker 462 ms
H
3 -9.414 d8 Capture [ o Delta 1914 ms
z 20.344 dB Marker 2 1453 ms
20.368 dB Reset
20.389 dB
% 20.601 dB Term Action Restart -
7.0 %
-15.600 d8 Term Count (MSa): | 410103
Average  -5.193 dsm Terminal Time (5): 36003
Max 15.505 dBn
Min -Low- dBm Horiz Offset (dB) 0007
Peak/Avg 20.698 dB Horiz Scale 5 dB/Div A
Dy e —.——— dB
ynamic Cursor Type: Percent | -
Cursor Pos (%) 7.00000 3]
Gating Markers -
B MarkCntd
0 | ;l_l
Marke... | Pulse.. Chann... Time/T
Meas State: Triggered |Sample Rate: 25.00MSa/s | Trigger Rate: 48.0 sweeps/s
Available Resources: 1

Figure3.19 Complementary Cumulative Distribution Function (CCDF) graph is selected by pressing the CCDF button on the Mair
Toolbar
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3.2.13 Statistical Measuremerg Window (RTP5000 only)

By selecting@ icon, a tabulated lis of statistical

measurementswill be displayed Here is an example parameters te»
display for statistical measurements

Statistical Measurements

Parameter CH1

10% -23.249 dB
1% 11.649 dB
0.1% 11.676 dB

0.01% 11.696 dB
0.001% 11.893 dB
0.0001% 11.965 dB
Cursor Pct 19.02 %
Cursor Pwr -25.400 dB
Average  3.493 dBm

Max 15.556 dBm
Min —Low— dBm
Peak/Avg 12.063 dB
Dynamic... —.——- dB

Figure3.20 Statistical Measurements Window

This completes the introduction to tHeower AnalyzetfSoftware. Chapter 4 provides a nodetailed look at use
of the Power AnalyzeSoftware.
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4. QOperation

This section presents the procedures for operating RIEP SerieRealTime Power Sensarusing thePower
AnalyzerSoftware. All the display windows that control the sensor are illustrated and accompanied by instructions
for using each in the window.

4.1 Powe AnalyzerSoftware

The Power AnalyzerSoftware is a Windowshased software program that provides immediate RF power
measurements fronRTP SerieRealTimePowerSnsoswithout the need for programming on your Windows OS
based computer.RF power measurements from tip@wer sensor can be displayed on your computer or can be
integrated into a test system using &pplicaion Programinterface (API).

NOTE This section of the manual assumes ttiat PowerAnalyzerSoftware has beerinstalled on a
'.:| computer using the instruction provided in the Getting Started Guide or Chapter 3 of this manual

411 Initializing the Software

Openthe Power Analyzefoftware on the computer.
Use a mouse or other pointing device to click on the View tathertop of the window.

Click on Load Defaulisi KA a4 @Attt f2FR (GKS RSTldA & 2 andRil éeset all KSY S
application measurement settings to default valymevide a known initial state.

Click on the down arrow adjacent the theme to view thgull-downmenu showing the available themes.
The themes establish the look of the Windows environment setting colors, fonts, and backgrounds.

¢tKS oFflryOS 2F (KA& OKFLIWGSNI gAff dzaS (GKS W5STI dzf G¢€
Click on any of the available times to see what they look like. Select the theme you wish to use.

Boonton Power Analyzer
File e
p—

Show Window: {"é Load Defaults [ Save As Default Bl E

Available Resources

¥ | Graph Check For Updates

-
e Settings
Office2010Silver - SEwngs

Windows Office2013Light Display | Software/Firm
VisualStudio2012Dark ]

VisualStudio2012Light

ware

Figured.1 Selecting the Windows Theme using the Setting
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4.1.2 Connecting theRTP SerieRealTimePower Sensor
Connect theRTP SeridReaiTimePower Sensaio one of the USB ports of a computer using the supplied USB cable.

Connectpower sensoto RF Source using the standdrngbeN or 2.9mm connection port on the sensor.

1 CAUTION:Do not turn the body of the sensor when connecting the sensor to a unit under test
(UUT). To avoid internal sensor damage, connect and disconnect the sensor by turning the metal
ydzi 2F GKS b O2yySOG2NJ 2yte dzydAf AlG Aa WKI yF

1 CAUTION: Ensure thatyou do not apply any excessive force on the sensor once it has been
connected.

1 CAUTIONDoO not exceed the specified RF power at the RF input of the sensor

Once the power sensor is connected, a pop up box will appeheiRower Analyzefoftware as inFigure 4.2 with
the list of connected devices name and hardware information.

Boonton Power Analyzer _ = x

@,

N w.] ~@
Show Window: Load Detauts m
Avalizble Resources| | Detautt -

n

Wiindows Settings Display

Available Resources: 1

Select up to 8 resources per Virtual Power Analyzer:

Meter Type Channel Resource Virtual Power Analyzer

Select
o O e cH  USB=0x1BFE:0x5500:9278:8TN

‘ C Refresh Llsl‘ E New Virtual Pwr Analyzer

Select Meter Type Chamel Resource Virtual Power Analyzer

Figure4.2 Once the power sensor is connected the software will list it as a resourcefinditeble Resourcesindow.

A = 4 A x

') G2 SA3IKG aSyazNm OFly 06S O2yySOGSR G2 GKS a2Fdel N
Virtual Pwr Analyzer" button at the bottom, a new Virtual Power Analyzer window will show ypu have an RF

signal connected already the power sensor, the measured signal should display in the Trace View window which
appears along with the Channel Control tool window as shown in Figure 4.3
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T Analyzer -
Fil |v ~©@

Auto Meas @istat weas || [iTimerig w# cranver [@llviare i pusse per ¥ statcr |
un @ stop Msingle clear it |-

- 5551819278 [x ~ X |Channel Contro - £ X

Vgl Horizontal

B poort. 9y o (W redo () autoset [l Horiortal

Meas

ample Rate: 10000 Msa/s | Trigger Rate; S000 sweeps/s
Availab 1 v %

Select up to 8 resources per Virtual Power Analyzer:

Select Meter Type Charnel Resource. Virtual Power Analyzer

i@ e e o, € nm @ EK]‘E&:/Z;;;:‘S

Figure4.3 Upon selecting a sensor resource and pressing the New Virtual Pwr analyzer button the Graphical view of the power
waveform will be displayed.

4.1.3 The Trace VievDisplay

The Trace View window in Figure 4.3 displays a trace of power versusTimereadoutrn the upper left corner
shows the channel number of the trace, the vertical scale factor and the vertical center. In Figure 4.3 Channel 1 is
displayed with a vertical scale of 10 dB@ion) and a vertical center a0 dBm.

The horizontal scale of the trace in the Trace View window is shown at the bottom of the grid. At the center of the
horizontal axis is the horizontal scale factor. Numbers atritjiet and leftends of the horizontal axis show the
trace start and end tires relative to the trigger

The two vertical blue lines labeled 1 and 2 are markers used for measurements of the displayed signals. These will
be discussed later in the manual.

The bar at the bottom of the Trace View window provides a number of usedlg that can be used to optimize
the trace display and archive the trace(s):

TheExportbutton is usedo export aty trace window as a PDF or CSV document. These exported trace
files can baused for a report or document.

The Undo and Redobuttons workin conjunction with the display expansion (zoom) function to remove
(Undo)and restore (Redo) changes in display scaling.

Autosetprovides an automatisetup of the trace display scaling which optimizes the trace view in the
Trace View window.
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The pulldown menu box isised to select the zoom mode.
Horiz@ontal) &Vert(ical) lets the graphical drag and drop zoom control both horizontal and
vertical expansion.

Horizontallimits the zoom controls to affecting the horizontal scaling only
Panallows theuser to click and drag the trace either horizontally or vertically.

Noneturns off both zoom and panning.

4.1.3.1 Trace Pan and Zoom

Theapplicationhas atrace zoom feature which lets a user to drag a rectangular box (like the one shown in Figure
4.4)aroundthe trace in order to zoom onto a special area of the displayed wavefdre highlighted dragged
rectangular area indicates the minimum area that will be shown when the zoom operation complétezoom

area is constrained to the preset timebase sggs and trigger Vernier limits. Note in Figure 4.4 that the zoom
horizontal scale changes from 10 ps/div tpsldiv the nearestvailable fixedimebase setting.Vertical scaling is
similarly constrained.

Default

Nane

o Mm@ B ¥ B g WMo e & )0 e wm

Figure4.4 Horizontal or horizontal and vertical display expansion (zoom) is accomplished by clicking on the trace view and
dragging the mouse diagonally while holding the mouse button down. A box will outline the area to be expaetbzsing
the mouse buttorwill rescale the trace.
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4.1.3.2 Formatting Trace View Display Settings

On upperleft-hand corner clickView fiext to File)and then click Graph Settings icon. This will openDisplay
Settingspopup as shown in Figure 4.5

Windows Settings Display

Virtual Power Analyzer - 5551819278 e
b3 _ o x
8 coor B Trace (5 Auto i

atCntl ||
» Run @ Stop @8 Single

Trace

cH1 v | Color [ |vellow

Graph View — 55518/9278
[ show Avg [AshowMax  []show Persistence

[2] Show Envelope  [2] Show Min

Trace Refresh: 102 | ms

[] Disable HW Acceleration o s 3|| cument

@ 1| #4ess
Graph Colors

Grid Color: W 055
CrosshairColor: [0, 135, 5

Mo 15,192

120, 208, 255

W
Time Label Color: [0, 135, 5

Border Color Mo 15 s

[

Add Custom Coll

B oot Wy unso @1 (D avoses [lrorzaven -

Meas State: Triggered | Sample Rate: 10000 MSa/s | Trigger Rate: 10000 sweeps/s
Avalable Resources

Select up to 8 resources per Virtual Power Analyzer:

Select Meter Type: Channel Resource. Virtual Povier Analyzer

o W8 g ¥ H g 4 E e 0 0. €

Figure4.5 The Display Settings popup is used to configure the Graph View. The elements to be displayed can be chosen anc
their colors may be selected along with the background color.

The upper section of the Display Settings labeled Trace controls the configuration of the selected trace. There can
be a maximum of eight traces. The configuration of each trace includes the trace color, the choice of five viewable
trace attributes, andhe trace refresh time. Trace attributes include graphical view of the average value, envelope,

maxima, minima, and persistence (trace history). The defaults are to Show Avg and Show Envelope. Each of the
selected elements is overlaid on the trace.

NOTE The sensor acquires all three "traces" (average, min and mdedn required for a RTP5000
' sensor These are used for several of the marker measurements such as intervedfpeakage, and
"# others. For the marker intervals, Min and Max (higheskimam trace and lowest minimum trace
points) as well as MinF and MaxF (min and max filtered) which are the highest and lowest points on the
average trace. The former measurements are useful for looking at modulation, while the latter are most

useful for seing systematic peaks and dips (for example, ringing) of a repetitive waveform with the noise reduced.
The RTP4000 sensor acquires the avetegeeonly.

A check box for Disable H¥¢celeration can be checked if the computer does not have a monitor or graphics card

or if it is being operated remotely using remote desktdyote: This change will not take effect until the next time
a trace window is opened.

The lower section of th®isplay Settings popup provides controls for color choices for trace grid, border, and
background. Markers, axis label, crosshair color selections are also included. Color choices are made by clicking ot
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color for the element

4.1.4 The Main Todbar

The Power Analyzer Software always displays th&lain Toolbar that is located at the top of the main program
window and contains shortcuts to commly used functions and measurementsThe MainToolbar can be
customized as discussed belowigure 4.6 shows thiglain Toolbar:

il ccor il Trace 5 Auto Meas i Stat Meas [ Mod Meas | |: [ Time/Trig ## Channel [[fil Mark 888 Puise Def ¥ StatCntl |_|: p» Run @ Stop @8 Single (3 Clear . Init |- 65v@p»‘thange = gsaue Wem Chan ~ gUpIDad Mem Chan - |

Figured4.6 The main toolbar containing three sets of shortcuts to commonly used functions and measurements.

The Main Toolbar contains three sections called Toolstrips. The group of shortcuts on the left, incL@Dfg
Trace, Auto Meagqurement) andStat(istical) Meagurement) are the Measurement Windows Toolstrip and will
bring up trace display or measurement windows. The middle group Witie/Trig, Channel, Mark, Pulse
Def{initions) andStat(istica) Cnt{Control) are the Control Windows Toolstrgmd will case setup and control
windows to be displayed. The final group includitgn Stop, Single Clearand Init(ialize) arethe Acquisition
Gontrol Toolstrip and affect the state of the acquisition.

Any of the toolstripsmaybe separated from the Main Toolbar andpesitioned by clicking on the ellipsis symbol
at the left end of any of the groups and draggthg toolstrip.

Thedrop-down menu bar on the right of each section allows the user to edit the tools bar by addimgnoving
any of the items under the Items tafihe Toolstrips tab allows the user to show or hide the tools strips

4.1.4.1 The Acquisition Control Toolstrip
The buttons on this toolstrip control the state of the acquisition:

Runc Starts the measurement acquisition and allows it to run continuously until stopped.
Stop¢ Stops the measurement acquisition.

Singleg Starts a single measurement acquisition and then stops

Clearg Erases the acquired data trace. Useful in dfepa single or averaged acquisition.

Init ¢ Initializes or resetall settings for the active Virtual Power Meterdefault values.

4.1.4.2 The Measurement Control Toolstrip
The buttons on this toolstrip create Trace View and CCDF Graph displays as wellaasothated power
measurement and statistical Measurement tabular displaydows:

CCDKRRTP5000 onlyy, This button turns on the complementary cumulative distribution function (CCDF)
display. If the CCDF display is already opened but hidden behindabe Yiew display this button will
bring the CCDF trace to the foreground.

Trace- This button turns on the Traddiew trace that displays power versus time.
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Auto Meas¢ This button opens Automatic Measurement windows showing the automatic Pulse and
Marker Measurements tables.

Stat Meas(RTP5000 onlyg This button opens the Statistical Measurements window displaying the
measurements associated with the CCDF Graph.

4.1.4.3 The Control Windows Toolstrip
The buttons on this toolstrip control the setup windows for the acquisition, and measurement functions.

Time/Trig¢ This button displays the Trigger and Thase control windows.

Channelg This button brings up the Channel Control Window allowing control of theéca¢mangeand
offset as well as sensor related settings

Mark ¢ This button causes the Marker 8ags window to be displayedviarker and reference lines can be
controlled fiom here.

Pulse Defq This button displays the Pulse Definitions window controlling the pulse measurement
thresholds, units, and gating.

Stat Cntl(RTP5000 onlyg This button brings up the Stat(istics) Mode Control window with scaling and
population contol for the CCDF display.

4.1.4.4 Memory Channel Toolstrip

The Memory Channel toolstrgpntainsSwap/ChangeSave Menfory) Char{nel), andJpload Men{ory)Char{nel),
and controlsthe sensorconnectionsource and saving and recalling Mem(ory) traces. The Me@baynel is a
reference trace that appears on the Trace View when Mem+ is enabled.

Swap/Change- Swap/change allows you to change sensors for a particular seiésioore than one is
connected.

Save Menfory) Char(nel)¢ Saves the current Memory channeldaiser selected folder on the computer.

Upload Mem(ory) Char{nel)¢ recalls a stored Memory Channel to the Memory Channel Trace on the Trace
View.
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4.1.5 Time/Trigger Control Window

Pressing the Time/Trig button icon the Control Windowwldtrip will bringup
the Timébase/ Trigger Control windowhownin Figure 4.7.

This window has four sectiofisme(base),Trigger PositionTrigger Contrgland
Trigger Skew Adiist). Any of these sections can be opened or collapsed
clicking on the up/down arrow buttanto the left of the section titles.

Time and Trigger Position Controls
Settings in the Time and Trigger Position Corgroupsaffect horizontal scaling
and position of the acquired waveform.

Timebasecontrols the timebase or horizontal scale of thequisition and is
noted on the horizontal axis label of the Trace View. The Timebase pullc
menu permits selection of fixed timebase ranges from 5 ns/div tonsdiv
(sensor series dependerit) a £2-5 progression.

Trig(ger)Delay can be adjusted either manuakntering anumerical value into
the field or usinghe up-down arrow keys.

The trigger delay time is set in seconds with respect to the trigdrasitive
values mean thathe trace display shows a time intenater the triggerevent
Thispositionsthe trigger event to the left of the trigger point on the display, ar
is useful for viewing events during a pulse,some fixed delay time after the
rising edge triggerNegative trigger delagnean thatthe trace display sbws a
time interval beforethe trigger event, and is useful for looking at event
precedingthe trigger edge.

G2 (rée8s thel

t NBaaiAya GKS wnQ

trigger delay to zero.

odzi 2y

The range of trigger delay times is dependent on the timebase setting ar

Time/Trigger

| Ao Time

Timebase

Trig Delay

100 ps/div v

003

s @

A | Trigger Position

5.00

Divisions

| A~ | Trigger Control

Source  CH1

Mode

Level
©EPros

Slope

Holdoff

Holdoff Mode

-

Autolevel Y

94 5 dBm

OR¥neg

0.00 S ps

Normal Y

A | Trigger Skew Adj

Int 003

Ext 04 3

Slave 00 3

] @

@8

a

CH1

CH1 ~

CH1 &

<

>

v

NA 338

summarized inTable 4.1 Note the range will also depend upon the trigg
position.

Timebase Setting Trigger DelayRange

5 ns/div to 10 us/div -1.26 ms to 100 ms

20 us/div -1.26 ms to 200 ms

50 us/ div -5.04 ms to 200 ms

100 us/ div -6.3 ms to 500 ms

200 us/div -126mstol

500 us/div -31.5mstols

1 ms/div -63mstols

2 ms/div to 10 ms/div -126 mstols

20 ms/div -252mstols

50 ms/div -628 msto 1 s
Table 4.1

m
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1
Figure4.7 The Time/Trig Control

window

NOTE Trigger delay ranges in Table 4tk for the trigger position set to divisions (Left) If trigger
delay and position settings result in a griggger captureinterval greater than 1.26ns, the sensor will
automatically reduce the sample rate to avoid olexing its pretrigger memory.
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Trigger Positiorcontrols are used toet the location of the trigger point on thacquired trace waveformit can be
changed by entering numerical values into igisiondield from-30 to +30divisions by positioning thdorizontal
slider ba, or by clicking on the, M or Rindicatorsto select one othree default positions:Left (zero divisios),
Middle (five divisionsdr Right (ten divisions).

Trigger Controls
Settings in he Trigger Gontrol group provides control to affect the trigger source, mode, trigger level, slope, and
trigger holdoff.

TriggerSource
The trigger source can be any of the resource chani@Hkl, CH2, etcdr the Ext(ernal) trigger input signalThe
Ind(ependent) trigger setting allows each connected sensor to trigger independently from its own RF input.

The external trigger is attaell to theRTP SeridRealTimePower Sens@via the Multil/O connector adjacent to
the USB port on th&kTP SerieReaiTime Power &nsos. The connector is an SMB type. The external trigger
requires a TTL signal level, minimum pulse width of 10 nspeximum frequency of 50 MHz.

In a multichannel setip, the sensors can be triggered independently as described above or in a master/slave
configuration. In master/slave configuratigrone channel (CH1, CH2, etc.) is selected as the source (master) and
the remaining sensors automatically operate in slave mddeemultichannel modefor additional information

TriggerMode
There are four availablgiggermodes Normal, Auto, Autolevel, and Freerun.

Normal ¢ The unit triggers when thamplitude ofselectedtrigger sourcetransitions abovehe preset
trigger levelwhen positivetrigger slope is selected or if transitions below thepreset trigger levelvhen
negativetriggerslope is selectedNo automatic trigger actions take place.

Auto - Auto triggermode operates in much the same way as Nortrighger mode, but will automatically
generate a trace if no trigger edges are detected for a period of tithe. triggerable signal edge occurs
during autetrigger operation, the trigger system will rigschronize with the signakFor trigger rates below
approximately 10 Hz, the Auto triggeme delaymay interfere withresynchronization Use Normal mode
if this occurs.

AutoLevel- performs the same function as Auto and, in addition, automatically #&t trigger level based
on the peakto-peak amplitude of the signalFor many signals this will provide a fully automatic trigger
system. For slow rate signals and complex level patterns, it may not produce the desired digjday.
Normal mode if thi®ccurs.

Freerun- Free Run generates horizontal sweeps asynchronously, without regard to trigger condliiogs.
mode is useful for locating low dutycle events visually.

TriggerLevel

Sets the threshold level for the trigger signal in fhgoandNormaltrigger modes. Theiggerlevel can be entered
numerically or changed by using arrow keys. fFiggerlevel range has a maximum value of 20 dBm and a minimum
range that is sensor model dependent (see the sensor specifications for your spet#ar model)

The trigger range is automatically adjusted to include the dB Offset parameter selected in the Cal & Corrections
section of the Channel Control windoviror example, if thtriggerlevel = 10 dBm and the dB Offset is changed

4-10
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from 0 to D dB,then the offsetadjustedtriggerlevel will be displayed to the user as 8Bm. Likewise, the
maximumtriggerlevel range will be extended to 40 dBrithetriggerlevel set point and setting rangeeaboth
shifted upward by 20 dB

TriggerSlope

Sesthetrigger slope orpolarity? KSy aSid (G2 t2a0AG0ABS0>S GNARAIISNI SOSyGa
crosses the trigger level thresholtWhen Neg(ative) is selected, trigger events are generated when the falling edge

of the pulsecrosseghe threshold. Trigger slope can be selected by using Pos and Neg button boxes under slope.

Holdoff (Time)
The holdoff time can be entered and adjusted numericial®.01us resolutionor using the up and down arrow
keysin 1 us increments The effect oHoldoff time depends on the Holdoff Mod&et the trigger holdoff time in
microseconds.

Holdoff Mode
There are two trigger holdoff modedNormal and Gap.

Normal Holdoff

Normal trigger holdoffs used to disable the trigger for a specified amourtirag after each trigger event.

The holdoff time starts immediately after each valid trigger edge, and will not permit any new triggers until
the time has expired.When the holdoff time is up, the trigger /@&ms, and the next valid trigger event
(edge) vill cause a new sweepThis feature is used to help synchronize REP SerieReaiTimePower
Snsorswith burst waveforms such as a TDMA or GSM fraRwe. periodic burst signalhe trigger holdoff

time should be seslightly shorter than the burst dramerepetition interval.

GapHoldoff

Gap or frame holdoff is very useful for packetsed communication signals where the transmission burst
contairs deepmodulation which may fall briefly below the trigger threshobd when burstsor pulsesare

of varyinglength and spacingnaking normal holdoff ineffective. In most cases, the "off" time between
transmission bursts, or frames, is considerably longer than the instantaneous modulation dips.

In gap holdoff the trigger is not armed until the triggeource remains inactive (below the trigger threshold

for positive trigger slope, or vice versa for negative slope) for at least the set duration. So if trigger polarity
is positive, and gap holdoff is set fou4, then the signal must stay below the &g level for at least lis

before the trigger is armed. Then, the next rising etilglwing a gap of Ls or longemwill trigger the
acquisition.

Trigger Skew Adj(ust)

Trigger Skew aligns the edge crossing with the trigger point for each of the tsiggeres. This is done internally

by adding a trim value to the trigger delay setting. Since the different trigger sources (internal, external, and slave)
have different delays, the system stores a value for each.

Trigger Skew requires a fast RF pulsesg < 1Ms) to adjust 'Int' skew. To autmljust 'Ext' requires a fast RF pulse
aligned with a fast external trigger pulse applied to the sensor's MIO input. Adjusting the 'Slave' source requires
two sensors connected to a common, fast RF pulse (¥ri€ms) and interconnected for cro$sgger via their MIO

inputs. You can deskew one setting at a time untillahree sources are calibrated.
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Automatic deskewing requires a fast edge, repetitive signal.

(a ) Trigger Skew Adj

Int

Ext

Slave

Channel Control = Time/Trigoer

Figure4.8 The automaic deskew icons.
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4.1.6 Channel Control Window { Channel Contol = X

The Channel Control window allows you to change all related setting o e
control sensor channelsThePower AnalyzeiSoftware has the capability of iei 3 @ Mem
handing multiple control channels by selecting each indivigutbm the

. . . . ! Info
drop-down list. Channel controbetting is defined by several parameters i
listed below: Selak 9278
Model: RTP5518
Fimware: 20151124
Channel o FPGA: 20151116
You can select an individual channel or all measurement channels (for n e
Advanced..

channel operation) by usinfpe drop-downlist. The channel labelddEM1
is a memory channel which igeference trace that can be stored or recalle Mark Cntri..

as need. ! Pulse Def..

The A Mem button causes the current trace to be stored in the Memo .  vertical
Channel. The current memory channel can be stored to the computer |
drive using theSave Mem Charbutton in the Memory channetoolstrip. |5  10d8Awv

Likewise, a previously stored memory trace can be recalled usindgload | unis  dBm -
Mem Charbutton.

~N
“0
o
E)

Certer -8.

To turn off the Memory Channel, select MEMAMEM2 from the Channel
drop downmenu, K Sy Of A O battgh nékti& "Ercaliied"¢in the & 570"
Sensomenu (see below}i 2 a4 St SOG ah¥T¢

Endbled On
Info Traze Avg 8§ :
The Info group shows the pertinent information for the selected sensc| Mad Filter 1.000 : 'S

Sensor modetumber,serial numberandfirmware and FPGA versisforthe | fier Mode o 5
selected channel are displayedthis group

A~ Peak Hold
Pressing théAdvancedbutton will result in aSensor Infopopup with three
tabs: Sensor Data, Cal Factors, and Hardwafe Node Manual
L L . . . . Decay Count 8% .
Sensor Datacontains identification and calibration information fo

the sensor.
ViceoBW  (@High (Olow
Cal Factorgontain the frequency response calibrations factors f] frequency 1.000 &  GHz
both high and low bandwidth calibration.

| » | Cal & Corredions

Hardware Info contains informationon the current state of the

sensor hardware including the detector temperature and key pov| 7% 0.0=
source voltage readings. Zero
Fixed Cal

< »

Hgure4.9 Channel Control Window
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Vertical
TheVertical group containsontrolsthat affect vertical settings for the selected power sensor

Scale- Vertical scale sets the scaling of the level axis ofltfaee View based on the selection of units as shown in
Table 42.

Units | Scale

dBm 0.1,0.2,0.51, 2,5, 10, 20, 50 dB/div
Watts | 1 pW to 500 MW/div in a -5 progression
Volts 1 pV to 100 kV/ div in &2-5 progression

Table4.2 Vertical Scale range for each Units setting

Units - The trace presentation may be shown in units of dBm, \WeaittVolts. TheJnits selection determines the
range of the scale values. Note that the Units setting also affects text measurement valbesMedsurement
windows.

Center- Set the power or voltage level of the horizontal centerline of the graph for the specified channel in the
selected channel units. The center position can be entered numerically or adjustesiny up and down arrow
keys.

Sensor
The Sensor group controls acquisition parameters for the selected power sensor.

Enabled- Individual sensors or all the selected sensors can be enabled or disabled by using the alternate action
On/Off button. This functionality also enables or disables BhEM channels.

Trace Avg, Trace averaging can be used to reduce display noise on both the visible trace, and on automatic marker
and pulse measurementslrace averaging is a continuous process in whichntbasurement points from each

sweep are weighted (multiplied) by an appropriate factor and averaged into the existing trace data foithts.

way, the most recent data will always have the greatest effipoin the tracewaveform and older measurements

will be decayed at a rate determined by the averaging setting and trigger fidtis averaging technique is often
NEFSNNBR (2 & WSELRYSYGAlIf Q | @fddnfihiteyirpulse REéspodse FIR) &S
exponential filter with a timeonstant of "n" where n is the Trace Avg (number of averages) setting.

Sensor averaging can be set by selecting a number of averages fiiwo averaging) to 16384 linary steps using
the up and down arrow buttons in the Trace Avg field.

NOTE Fortimebase settings of@ ns/div and faster, the sensor acquires samples using a technique
' called equivalent time or random interleaved sampling (RIS)his mode, not every pixel on the
“@ trace gets updated on each sweep, and the total number of sweagmteddo satisfy the average
setting will be increased by the sample interleave ratio of that particular timebase. At all times the
average trace is the average of all samples for each pixel, and the min/max are the lowest and
highest of that same block samples for each pixel.

Mod Filter sets themodulationfilter integration time It is used in modulatl mode measurementand does not
affect the pulse mode (triggered) measurements shown in the trace.vidlve modulation filteris @ a f A RA y 3
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% A Yy R #tér ivhich averages samples taken within a time window whose duration is set by thisAleghmples
within the time window are equally weighted.

Filter Modecontrols the modulation filter. The filter can ket toOn(manual filter time setting)None (integration
time isset to theminimum 1msvalué), or Auto (integration time automatically selected based upon input level

Peak HoldRTP5000 onlyettings controthe operating mode of the selectad K I Yy St Q& LJS.IPeakK2 f R
Hold affects the envelope trace (if displayed) as well as peak or dynamic range marker and pulse measurements.

In Trackingmode the maxima and minima traces "decay" towards the average with a time constant that is
the same as the averaging settingaveraging is set fast (Trace Avg is set to a low value), then the maxima
and minimadecay quickly (@ not held very longwhile long averaging (Trace Avg is set to a high value)
settingsyieldss  WFt I GG SNR GNF OS | yR Y backibtherayefageydwgrievel. LIS

InManualmodethe averaging and peak time constants are independent (do not track each oRteher,
peaks are held for a time proportional to tiecay Counsetting Decay Count calme set from 1 to 16384
and increnents n binarysteps

Manual modecan be useful if you want to set averaging short to see steom signal fluctuations from
one trace to the next, yet want the peaks held for a long time to get a better feel of ltegerpeak stress
on your system.

Thelnfinite Hold button sets the Decay Count to infinity. Signal peaks and dips are held indefinitely and
never decayed. This is useful for lelegm monitoring for glitches, spikes, dropouts, or other intermittent
signal events.

NOTE The effects of the peak hold, i.e. min/max decay, are only visible when the "envelope" or
' "min/max" display is enabled in the view options (See paragBapi land the associated Figug18).
“@ However, marker min/max values are always affected.

Video BWsets the sensor video bandwidth for the selected senddigh isappropriatefor most measurements
and the actual bandwidtldepends upon th sensor model Low bandwidth offeradditional noise reductiorfor
CW or signals with very low modulation bandthid If Low bandwidth is used on signals with fast modulation,
measurement errors may restftthe sensor cannot track thiastchangingenvelope of the signal.

Frequencyshould be set to the RF frequency that is applied to the sensor for the current measureffieat.

F LILINBLINR F GS FNBIljdzSy Ooe Ol t sabohdiodtabi yivill Bel itdaipplatéd ardmppliedi K S
automatically. Application of this calibratiofactor compensates for the effect of variations in the flatness of the
aSyaz2Nna FTNBIdzSyoOe NBalLkRyaSo

The power sensor has no way to determine the carrier frequency of the apptiedl,so the user must always
enter the frequency.
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Cal & Corrections

The Calibration and Corrections group controls coarse and fine corrections to the measurements

Offsd - Sets a measurement offset in dB for the selected sen$bis is used to compensate for external
couplers, attenuators or amplifiers in the RF signah @dnead of the power sensor.

Zero- Performs a zero offset null adjustment.he sensor does not need to be connected to any calibrator
for zeroing This action removes the effect of small, residual power offsets, and should be performed prior
to low-level measurements. Note that there should be no RF signal applied to the sensor input prior to
zeroing.

Fixed Cat Performs a calibrabin atO dBmat the currently set frequency. This requiresadilirated 0dBm
(1.00mW) signal source at the curremteasurement frequency.

4.1.7 Automatic Measurements Display

Automatic Measurements * & X
Clicking on theAutoMeasicon in the Measurement
Control Toolstrip will bring up the Automatic | Pulse Measurements ¥l puise Det.,
Measurements window to the left of the Trace Vie!

as shown in Figure 4.10. This window includes t Parameter CH1
related subwindows, Pulse Measurements an Width 5 8617 U=
Marker Measurements. The Pulse Measuremer )
. . . Rise -.=—= 5
window shows the sixteen default field puls
parameters. The field pulse paramete Fall 277 ns
measurements are computed with methods Period - s
described inlEEEStd 181x-2011 and detailed in PRF ———— Hz
Section 6 on pulse terms and definitions. Duty o
. Offtime -.——— 5 ~
The Marker Measurements window shows twent, =————————
one marker measurements. Marker Measurements Mark Cnrl...
NOTE: All field parameters are Parameter CH1 -
' customizable, can be edited or delete MKkAvg 15 010 dem
“c from the list by selecting individua _
parameter fields and then by using rigk Michin T6. 114 dEm
click button of the mouse.The whole Mihdax 15.146 dem
table can be copied and pasted into a spreadshee MiMaxF 15,087 dBm
order to make any cusin report file along with MKMinF 13.720 dEm
captured screenshots by selecting export button . e -

provided by the software. -
[Por) Export PDF.. Save As Default

Figure4.10 The Automatic Measurements window containing the Pu
and Marker Measurements tables.
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Any individual parameter or group of parameters on pulse or marker measurements can be highlighted by left
clicking with the mouse and using the up and down arrow keys a group of them can be sefsletted cells can

be copied by right clicking on the parameter(s) and selecting cbipy cojed cells can be pasted into a spreadsheet

or document

Clicking on the printer icon next to either table will open a Print Preview window allowing the upentdhe
table.

Clicking on th&xportbutton will open aviewer showing the whole table. The contents of the viewer can be saved
or printed as PDF or CSV filledesired

4.1.8 Pulse DefinitionaNindow Pulse Definitions = X
Clicking on thé”ulse Debutton in the Pulse Measumsent title bar or ~
on the PulseMeas button on the Measurement Control Toolstrip wi | - CHA -
open the Pulse Definitiwindow shown in Figure 4.11. This windo
contains the pulse thresholdpulse analysisnits and gatesettingsfor Serial: 9278
the selected sensor. Model: RTP5518
Firmware: 20141022
PulseThresholds Pulse Thresholds
Pulse definition setting allows user to define distal, mesial, an Distal o = | %
proximal values for pulse thresholds, and the pulse units.
Mesial 50.00 = | %

Distal - Ses the pulse amplitude percentage thaefines the end Proximal 10,00 = | %

of a rising edge or beginning of a falling edgesition. Typically,

this is 90% voltage or 81% power relative to the top lefahe Pulse Units  watts =

pulse. This setting is used when making automatic pulse riseti

and falltime calculations.

Mesial ¢ Setsthe pulse amplitude percentagthat definesthe Fulse Gate

midpoint of a rising or falling edge transitiofypically, this is 50% | Start Gate 5.00 = %

voltage or 25%power relative to the top levedf the pulse. This EndliGate 95.00 = | %

setting is used when making automatic pulse width and duty cy

calculations.

W
Proximal ¢ Ses the pulse amplitude percentagthat defines the | . >

beginning of a rising edge or end of a falling edge transitic
Typically, this is 10% voltage or 1% power relative to the top leFigure4.11 The Pulse Definitions window f
of the pulse. This setting is used when making automatic pulS€ting measurement thresholds, units, an
risetime and falltimecalculations gate locations.

Pulse Unitsg Controls whethetthe distal, mesial, and proxim#iresholds are computeds voltage or power
percentages of the top/bottom amplitudedf Voltsis selected, the pulse transitiotihresholdsare computed
as voltagepercentage, and ifWatts, they are computed apower percentages

Many pulse measurements call for 10% to 9@%age (which equads to 1% to 81% power) for risme and
falltime measurements, and measure pulse widths from the-paifer 3 dB, 50% power, or 71% voltage)
points. ¢ KS tdzZ &S ! yAida aSdidAaAy3a A& AYyRSLSYRSyid 2F (GKS
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Pule Gate

ThePulse Gatesettings define the measurement interval for the followingpwer relatedpulse measurements
Pulse Average, Pulse Peak, Pulse Minimum and Pulse Dirihop Pulse timing measurementetween mesial
crossingssuch as widthand period ae not affected. The purpose of thé?ulse Gate settings to excludeedge
transition effects from the pulse power measurements. Autoimgulse measurements are then performed
between Start Gate and End Gate points

Start Gate- Sets the beginning of the pulse measurement region as a percentdlge @ilse width. The Start Gate
has a continuous range of 0.0 % to 40.0 % of the pulse width and may be entered numerically or varied using the
up or down arrows.

End Gate Sets the ad of the pulse measurement region as a percentagiepulse width. The End Gate has a
continuous range of 60.0 % to 100.0 % of the pulse width and may be entered numerically or varied using the up or
down arrows.

4.19 Marker SettingsWindow

Clicking on theMark Ctl button in the Marker Measurement title bar
or on theMark button on the Measurement Control Toolstrip will ope
the Marker Settings window shown in Figure 4.12. This wino
contains verticalmarker locations, marker delta, and haizontal

Marker Settings = X

. . Markers
reference line locations for the selected sensor.
Marker 1 004 T s
Markers Delta 1156 pss
Time Markers are apair of vertical cursors that allow level
Marker 2 f152 2 s

measurements at specific times relative to the trigger eveitarkers
can be moved to any portion of the trace that is visible on the scre
and these can be used identify regions of interest for detailed powe Reference Lines
analysis. Power measurements can be performatieach marker, as

o ) ) o Channel CH1 =
well as average, minimum and maximyower in thetime interval
between the two markers.
Enabled On
Marker 1 and Marker 2 Tracking  DistalProximal -
Marker settings will allow you to change both marker 1 and marke
Refline 1 284 mw

positions by using either arrow keys or entering numerical values
the field. The Marker locations can albe set graphically by clicking o Refline 2 04 mwW
the marker in the Trace View and diging the marker left or right.

v

Marker Delta < 3

The Marker Delta window indicates the time interval between Mark~

1 and Marker 2. Figure4.12 The Marker Settings window for
controlling markers and reference lines on the
Graph View

Reference Lines

Reference lines Refline 1 and Refline 2 are horizontal lisptagied on the Trace Viewnd maybe used tandicate
usersetamplitude levels for each sensar measuremenspecific levels
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Channel
Selects the channel that the reference lines will be applied to.

Enabled
Turns the reference linasn or offfor the selected channelswhen off, reference lines are not visible.

Tracking
The Reference Line Tracking settitigwas the selection of either manual control of the reference line amplitudes
or selection of a set of commonly used reference amplitudes.

Off ¢ Allows the reference levels to be set independently using the Refline 1 and Refline 2 entry fields.
Levels can be entered numerically or by using the up and down arrows. The reference levels can also be
set graphically by clicking on the referengeelin the Trace View and dragging the line up or dowhe

vertical units match the Units selection in the Channel Control window.

Markersc Links the reference levels to the amplitudes where the markers cross the pulse waveform on the
Trace View. Refence level Refline 1 will track the amplitude where Markerdsses the pulse waveform
and Refline 2 will track the amplitude where Marker 2 crosses the pulse waveform.

TopBottom ¢ Moves Rdfhel to the measured Top amplitude and Refline 2 to the meabBottom
amplitude.

DistalMesial- Moves Rdfne 1 to the measured distal (uppgulsethreshold) amplitude and Refline 2 to
the measured mesial (midulsethreshold) amplitude. Pulsethreshold levels are those set in the Pulse
Definitions window.

DistalProximal- Moves Rdine 1 to the measured distal (uppeulsethreshold) amplitude and Refline 2 to

the measured proximal (lowgulsethreshold) amplitude Pulsethreshold levels are those set in the Pulse
Definitions window.
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4.1.10 Statistical CCDF Grajisplay(RTP5000 only)

The statistical analysis of the current sample population is displayed using a normalized Complementary Cumulative
Distribution Function (CCDF) presentation shown in Figure ZB8.CCDF expresses the probability of occurrence

of a range of peafto-average power ratison a loglog scale, and a curs¢green diamond) allows measurement

of power or percentage a userdefinedpoint on the CCDFAs with all other graphical displays, the trace can be
easily scaled and zoomed, or thitistical data may be presented in a tabular format.

cccccc

Statistical Measurements.

Parameter

Figure4.13 The CCDF Graph view provides a statistical view of thetpealerage power ratio.

TheCCDF has become a useful tool for analyzimymunication signals that have a Gaussian like distribution
(CDMA, OFDM) where signal compression can be observed Btoacarring peakslt is most oftenpresented
graphically using a lelpg formatwherethe X axis represents threlative offset indBfrom the average power
levelandthe logscaled Y axis is the percgbbabilitythat power willexceed the axis value.

At the bottom of the CCDF Graph window igadiss bar reporting Stat Capturirggatus (On or Off), Gatirtgpe
(Markers orFreerwn), Total Time (HH:MM:S&)dthe number of Points (Mga®mples) in the statistical
population

Additionally, there is an Export button and a Show Gaussian Ref check box. Clicking on the Export button will
bring up a Viewer popup window offering the alyilio export the CCDF Graph in PDF or CSV format. Actuating
the Show Gaussian Reisplaysa Gaussian CCDF referecceveon the graphasshown in Figure 4.13.

4.1.11 Statistical Mode ControlWindow (RTP5000 only)

TheStatMode Controlwindow, shown in Figure 4.14, will appear when the CCDF Graph is displayed or by pressing
the Stat Ctl button on the Control Windows toolstrip. The Stat Mode Control window controls theatafaisition
for the CCDF Graph.
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Capturec{ St SO0 & yEOIi®A BISHA al YL Sao Gh¥Fé adz2Lla GKS |

Resetc Clicking on Reset clears the acquistatistical sample populationf Capture is ON, a new acquisitioal
begin

Term Actiong Selects the action to take when either therminal countis  [ci.; yiode control - 5551319278 = x|
reached or theerminal timehas elapsed. The available choices are St "
Restart, or Decimate Capture | on
Stop- Stop accumulating samples and hold the result. Reset
Restart- Cleasthe statistical sample population starts a new one ||| '&™ #cer  Decmate -
. o . . Term Count (M5al 40960 7
Decimate- Divide all sample binsyl2 and continue The total sample
Terminal Time (s} 3600 -

count will be halved each timdecimation occurs This should have,
very little visible effect on the CCDF values, since the entire populg|| Heriz Offset (dBj: 0.00 %
is decimated uniformly and the shape of the distribution is maintaing|| Hariz scale:  FEEET -
TermCountg Sets the terminal sample count for the CCDF acquisition. {|| “Urservpe:  Power T
range of values is 0.1 th000,000megasamples Cursor Pos (dBj: 0.94 %
. . . . . . . Gating: Markers w
Terminal Time; Terminal Time sets the terminal running time for the CG :
acquisition. The range of values is 1 to 3600 seconds. Mark Crrl..

Horiz Offset¢ HoriZontal) Offset sets the horizontal offset for the CCL
Graph statistical display. The value in dBr chosen will appear at
leftmost edge of the graph. The range of value5&00 dBr to +50.00
dBr. W

< >

Horiz Scale Selecs the torizontal scale for CCDF Graph statat display.

Scale factorarefrom 0.1 to 5 dBdiv in a 12-5 progression. Figurea.14 The Stat Mode Control

window displaying key parameters of tt

. . CCDF Graph.
Cursor Type Select the independent variabler the CCDIFursor. If

Percent is selectedelative power at the cursor's intersection with the
CCDF curve will be measured. If Power is selected, probability af
cursor's intersection with the CCDF aumwill be measued.

Cursor Pog, Setsthe CCDIursor to the desired probability or power depending on the setting of Cursor Type.
Gating¢ SelectsMarker or Freerurgatingfor statisticalacquisition. If Markers are selectedhen only samples
within the time marker interval on the Pulse Mode triggered sweep will be included in the statistical sample

population. If Freerun iselectal, then all the samples are acquired without regard to sweep acquisition.

Mark Ctrl ¢ Clicking on this button will bringp the MarkerSettingswindow allowing Maker locations to be set
easily when marker gating is used for statistical capture.
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4.1.12 Statistical Measurement®isplay(RTP5000 only)

Clicking on the Stat Medson on the Measurement Control toolstrip brings up the Statistical Measurements
window shown in Figure 4.15. This display of tabulated field parameters is displayed on the left side of the CCDF
Graph by default.

These key statistical parametease described inTable 4.3 “Statistical Measurements - X
Parameter | Measurement Description Statistical Measurements | _ |
10% to | Displays crest factor relative tpopulation
0.0001% | average power agachspecified %CCDF. e -

Pct at 0dB | Displays %CCDF at the average power. 10% 0.900 dB
Cursor Pct | Displays %CCDF at the stat modesor. 19 0.926 dB
Cursor Pwr | Displayscrest factor relative topopulation
average power at th&at Mode cursor. 0.1% 0.950 d&
Average Displays absolute average power of t 0.07% 0.975 dB
statistical sample population. 0.001% 0.933 dB
Max Displays absolute maximum power. 0.0001% R
Min Displays absolute minimupower.
Peak/Avg Displays crest factor (pk/avg ratio). Pet at 0dB A8
Dynanic Displays dyamicrange (max/min ratio). Cursor Pct 1.0 %
Rng Cursor Par 0.926 de
Table 4.1 fverage 14,212 dem
Max 15.27& dBm

At the bottom of the Statistical Measurements window status Min _34.941 dem

reported by four fields:Stat Captung status (On or Off), Gating Peak/ivg L oes ds

(Markers or Freerun), Total Time (HH:MM:SS), and numbe
Points (Megasamplegin the statistics. Additionally, there is a Dynamic Rng —.——— @8
Export PDF button. Clicking on the Export PDF button will bi
up a PDF Viewer popuygindow offering the ability to export the
CCDF Graph in PDF format.

-
7o) Export PDF..

Stat Capturing: On | Gating: Markers
Total Time: 00:02:44 | Points: 1951 M5a

Figure4.15 The statistical Measurements window
displaying key parameters of the CCDF Graph.
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4.1.13 Modulated Mode Measurementdisplay

Modulated measurement rode is designed for continuous, true average power measurements of complex
modulated signals.The modes similar to the operation of a conventional CW power meter, but does not suffer
the measurement inaccuracies that occur whemsodiode sensors are uséo measure modulated signals.

Modulated measurement modes a continuous measurement mode primarily for continuously modulated or CW
signals.Continuous (untriggered / free run) sample acquisitisrperformeddza A gidthgwirR2 g ¢ FAE G SNRA Y
samples. Filtered average power, peak power and minimum power measurements are continuously performed.
The measured result is the average power of the sigdisice the graphic display would basically just show a straight
line, meaurements in this mode are best viewed using the Modulated Measurements display window. Figure 4.16
shows aModulated Mode measurement displaying the average, minimum and maximum power in modulated
signal.

Since this mode performs a continuous measuremérdoes not differentiate when a pulsed or periodic signal is
off, and when it is on. If you wish to make measurements that are synchronous with a period of a waveform,
consider using a triggered sweep and marker analysis instead.

| Vertical

[T
"""""" .
comae 51 e
traea o
Trace & :
"

-32.727 dBm 15.264 dBm

.........

Select up to B resources per Virtual Power Analyzer:

Figure4.16 The Modulated Modeneasurement display window showing the average, minimum, and maximum powaer of
modulated wavefornfor RTP5000 series sensors (average power only for RTP4000 models)

NOTE TheRTB000ORealTime PealPower Sensors belong to the family of Peak Power sensors which
' respond to the amplitude modulation of a modulated carri@anstant amplitude modulation schemes
'.c such as frequency and phase modulation (FM/PM) can be considered as a cantitaweUCW) carrier
for power measurement purpose$herefore, th@race Vievdisplayfor a CW, PM/FM modulated (PSK,
QPSK, etgignalwill appear as flat linetrace in the time domain.
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Modulated Measurement irecommendedor measuringhe following signal types

1 Noiselike digitally modulated signals such as CDMA and OFDM when only average measurements are
needed.

1 When simple, an-synchronous measurements on a periogicion-periodicsignal are needed (overall
average and peak power).

Modulated Measurement controls can be found on tBéannel ControLJl Y Sdngdbection.
ModulationFilter Modesets the current setting of the integration filter on the selected channel.

Off provides minimalffiltering (1 ms integration window) and can be used dtigh signal levels when
minimum settling time is required.

Onallows a usespecified integration timeas entered in théviod Filter setting

Auto uses a variable amount of filtering, which is set automatically by the power meter based on the current
signallevel to a value that gives a good compromise between measurement noise and settling time at most
levels.

Mod Filter sets the current length of thenodulation modeintegration filter on the selected channel whéiiter
Mode isset toOn. The integration time can be set from 2 milliseconds to 2.048 secondsidcrements.
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4.1.14 Acquisition Status Bar

Figure 4.17 highlights the acquisition status bar in red. This bar, located beneath the graphical display, contains
three status readoutsMeasSate, Sample Rate and Trigger Rate.

The acquisition status bar provides useful information on the acquisition setup. The sampling rate and trigger rate
are not reported in any other control window. Both are affectedh®/Timebase setting in th€&ime/Trigger Control
window.

Filg Vi ~@

Anatyzer— 5551815278 (2| Virtul Power Anelyeer 5551819278 [
ce i Auko Mess il stat Mess - [EITime/rrig # crsnnel [llviare 88 puse et sistcl <

& stop Q¥ single 3 Clear 1 Init |

5 Graph View - 55518/9278 [ - x

Select up to 8 resources per Virtual Power Analyzer:

Select Meter Type Charnel Resource. Virtual Power Analyzer

m A = F S A e 6 9

- 1:36PM
e m @ @ 2B e

Figure4.17 The acquisition status bar reports Meas State, Sample Rate, and Trigger Rate.

4.1.15 Archiving Measurement Setups

Measurement setupsanbe stored and recalled using the Save and Load buttons ur ;ﬁ.
the Filetab as shown in Figure 4.18.

Filg Wi...
Oncethe Power AnalyzeiSoftware has been configurefbr a particular measurement,
the application statecan be saved by pressing tBavebutton. After pressing the Save @ 5
button the user is prompted to enter a file name and path to saventkasurement state.
MeasurementStates arestoredin Boonton.BMSfile format. Load.. Save.
Saved measurement states can be recalled using the Load button. When activa "E3sUrement Settings
prompts the user to choose the desire®@MS file. Upon selection the desirec

. Figure4.18 Load and Sav
measurement state is rested.

buttons for saving and
recalling measurement
setups
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4.2 Multichannel Operation

ThePower Analyzefoftware supports simultaneous operation of up to eidRTP SerieRealTimePowerSensors.
Figure 4.9 shows an example using tvpower sensors.The Trace View shows both power traces each in a distinct
color which matches the annotation.

4.2.1 Multichannel Measurements

When multiple sensors are connected to the USB ports of the computer, make sure all sensors are displayed in the
Available Resourcedf certain sensors are not selectable, this means theyalgady assigned to a virtual power
analyzer.All sensors in a virtual power analyzer will be displayed ersime Trace Window, if enabled.

DY ooman

Default

Virtual Power Analyzer — 55518]9278.55318/9082  [x - x

8 cooF 8 Trace G Auto Mess i Ststbess [ Mod Mess

Chamel | cht - [® wem
o

) e [
Men
Men2

Saale VAl

5.181 dan

Bottom -55.486 dBn 30,206 dEn - Center 172 3| dbm

Parameter ct CHz
5,361 081
—Low- dan

MkMax 2,493 g1

9.191 dan

-
D oort v || save s Dot D T B
Y Undo. (0 Reco () puto et orie Crannel Control | T

riggered | Sample Rate: 10000MSa/s | Trigger Rate: 10000 sweeps/s

Select up to 8 resources per Virtual Power Analyzer:

Select Meter Type. Channel

XEEE-EED @-ros i

Figure4.19 Up to eightRTP SeridRealTimePowerSensors can be supported by awver Analyzeoftware. In this example
two sensors are connected.

The Channel Contreklection lis2 FFSNARA O2y G NRf 2F AYRAGARIZ f a2dz2NOSa
memoNE OKI yy St a aMEMSandAbL9 laamdividdadrieasurement or memorghannelisselected

then the channel control settings will only affect that channélALLs selected, then the channel control settings
affect allmeasuremensimultaneouslyriemory channels are not groupgdi G K & 2 YS  § The {imkebageS ( G A
settings arecommon to all measuremerthannels displayedith the same Virtual Power AnalyZestance

Multichannel Automatic Measurement

Clicking on the Auto Meas button on the measurement toolstrip will dyspiie pulse measurement and marker
measurement windows. Note, in Figure 4.19, that pulse and marker measuremamtshowmeasurements for

each active sensoiPulse definitions, like channel control, can be applied to each trace source individualigilor to
sources simultaneouslyMarker location settings, being time locations, are common to all traBegerence Lines

are also associated, individually, with each displayed trace. Reference lines are color coded to match each trace.
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Multichannel CCDEBraph View(RTP5000 only)
Statistical analysis behaves identically to the trace view. Both channel CCDF traces will be displayed on a commor
axis. Statistical measurements will have a measurement column for each sensor as shown in figure 4.20

- Boonton Peak Power Analyzer Suite - o X
) -
Fid vi ~@
\Virtual Power Analyzer - 55518|9278,55318|9082 ] v %
8 ccor MiTrace (5 Auto Meas §stat Meas [ od Meas |_| - TBlTime/Trig a# Charel [llark 88 puise Det ¥ statcot |-
» Run @ stop @ single 3 Clear it | |: E3swap/crange ~ [EB save Mem chan ~ [ upiosa vem chan ~ |-
Statistical ments THEX CCDF Graph - 19278, 819082 ()| Trace View — 55518/9278,55318/9082 [X] ¥ X |StatMode Control - 55518/92785531.. ¥ # X
A
Statistical Measurements | _ Captt off
Paramet ter CH1 CH2 = Reset
10% 0.05 d8 0,836 as
Term Action: | Dedmate -
= 0.942 a8 0.920 as
0.1% 0.969 de 0.940 d8 Term Count (MSa 4096.0 &
0.01% 0.997 d8 1.262 d8 Terminal Time (s): 3600 &
0.001% ® Horiz Offset (dlB}: 0.00 3
00001% HorizScaler (02 agon -
et at 0 |
o cusortypei  percent -
Cursor pet
Cursor Pur Cursor Pos (%} | 80.77790 7
Average Gating: Markers
Max Mark Cot
Min
Pealsiug .
‘ y
-
D EreortPOR-

-
D EwortPoR. | [ ShowGaussian e

Stat Capturing: On | Gating: Markers | Total Time: 000026 <
o Stat Capturing: On | Gating: Markers | Total Time: 0010025 | Points: 316 MSa StatMode C.

Mess Stat

iogered | Sample Rate:10000 MSa/s | Trigger Rate: 10000 sweeps/s

Avalable Resources v X

Select up to & resources per Virtual Power Analyzer:

Select Meter Type. Cramnel
0o #= cHi
O s cH2

¢ Retesn List|| [l ew virtual pur aayzer

Figure4.20 The CCDF Graph window in common multichannel operation. Mutjecodedtraces are displayed on a
common grid.

Similar to the Trace View there iscalor-codedtrace for each sensor in the CCDRygbr View displayed on a
common grid. Statistical Mode controls affect all traces in the common display.

Statistical Measurementsire listed with a column for each sensor in the common multichannel tab.
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4.2.2 Multichannel Triggering

When more than one sensas present, there are different triggering
options as shown in Figure 2.2

Triggering Options

Unless they are intended to be triggered independently, power sens
should be connected to each other using the MUI® connector as
shown in Figure 42 To establish a communications path between tf
modules, a "trigger sync bus" is used to agohtboth arming and
triggering.

Multi-Channelinternal Triggering

When the Trigger Source for a medtiannel Virtual Power Analyzer i
set to CH1, CH2, etone of the connected sensors is used as a comn
trigger for all channels. To facilitate this, the MUl® connectors of all
active sensors (channels) must be interconnected to creaté&rigger
distribution bus". The "master" sensor (selected triggsource) detects
the trigger condition and distributes that event to other "slave" sens(
to ensure synchronized triggering of all channels.

Figure 4.2 illustrates this connection. Note when three or mof
channels are present, a "tee adapter" will be required to interconnect
in parallel.

USE Widaberd Fessc Sansar
m[: ] USB
#%0nizn

TRIGGER DISTRIBUTION—"
VIA MULTI-I/Q INTERCONNECT

.

HOST PC

i-l--l--
>

e

-lllllllllllllllll-=

B soanian

| ;'l‘ il Widbazd Fewee Gozaor ) T
ot Fl

.’E Time/Trigger

& | Time

Timebase

Trig Delay

2 ps/div -

0.000

s O

4 | Trigger Position

3.00

Divisions

4 | Trigger Contral

CH1|
CH1
CH2
Ext
Ind

Source

Mode

Level
siope () ros

Haldoff

Haldoff Maode

Mormal -

COfNeg

0.00 5 ¥s

A | Trigger Skew Adj

Int 00 %
Ext 00 %
Slave 0.0 &

ns ﬂ CH1
ns ﬂ CH1 =
ns ﬂ CH2 -

<

i ::‘réllllllllll'
)

Figure4.22 Coupling the Multi/O ports to establish a

communication path between modules.

Figure4.21 Trigger Source selection when twi
sensors are used.

Due to propagation delays in the masterslave trigger distribution, there is a small amount of timing skew
between the master and slavehannels. Sensors come gadjusted to minimize this skew, but it is possible to
perform a fine trigger skew adjustment for performing critical charioethannel timing measurements. See

Trigger Skew Adjust paragraph ecton 4.15, Trigger Setup
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External Triggering

When the Trigger Source for a single or mcittannel Virtual Power Analyzer is set to EXT, a singlesupelied

TTL signal is used as a conmtiggger for all channels. To facilitate this, the M@ connectors of all active
sensors (channels) must be driven by the external trigger signal to ensure synchronized triggering of all channels.

Figure 4.23 illustrates this connection
When twoor more channels are present, i

"tee adapter" will be required to drive all IR
. . - USB HOST PC
Multi-I/O connectors in parallel. H_L || [ f—
#Boonton
Due to propagation delay® ithe external TRIGER DISTRIBUTION .+

trigger system, there is a small amount « — i
timing skew between the external trigge H—[J‘ T e e

edge and RF signal for each chann e O]

Sensors come pradjusted to minimize this  exrm

skew, but it is possible to perform a finc e .

trigger skew adjustment for perfming L

critical channeto-channel timing : =)

measurements. Seiine section on Trigger

Skew adjustment inegtion 4.15, Time/Trig Figure4.23 Multi I/O setup for using a common external trigger

Control Window.

Independent Triggering

Each sensor is internally triggered frats RF input signalSelectind from the drop-down menu of Source located
in the Trigger Control panel of the Time/Trigger control winddate that Ind source does not use thulti-1/0
connector.
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4.2,3 Multichannel Individual Sensor Tabs

Multiple sensors can also be employed individually. Stamtiith multiple sensors listed in the Available Resources
window, click on one sensor, then click the New Virtual Power Analyzer button. A Virtual Power Analyzer (VPA) tab
will be opened listing the model and senmimber of the selected sensor.

Clickon another sensor in the Available Resources window and then click on the New Virtual Power Analyzer button
again. A second VPA tab will be opened as shown in Figure#hBmode of multichannel operation treats each
sensor individually. Select a VA and all the control windows apply only to the selected sensor. Each VPA Trace
View will show the selected sensor as Channel 1 (CH1). They are differentiated by the model and serial number
listed on the tab. Likewise, all measurement windows wtlinieasurements only for the selected sensor.

v 50) Virtual Power Analyzer - 5551819278 - x
8 COOF i Trace (5 Auto Mess g Stst Meas [jbod Mess | |- [l Time/Trig 494 Chanvel [lbark 48 Pulse Def ¥ Statcotl

Run @ stop @ single € Clear ) it |-|: 5 swap/change -

save Mem chan ~ [ Upioad Mem Chan - =

matic Measurements - x

~ X [Chamnel Control - %

Pulse Measurements [if§ ruseoer. || =

cramel | chn | |® vem
il ‘
v | wewt |

~ | Verticu.. Al

Sale 10 dB/div
Units | dBm

Center 180 2 | aBm

MkiMax
MikbarF

< >

-
@ EPortPOR Save s Default

Y undo. (N feco (3} auto st Eorz vert ~ ppart - |

Meas State: T

red | Sample Rate: 10000 MSa/s | Trigger Rate: 1000.0 sweeps/s
Available Resources v x
Select up 1o 8 resources per Virtual Power Analyzer:

Select Meter Type Channel

rtual Pwr Analyzer

Figure4.24 Multi-channel sensors using individual Virtual Power Analyzer)(#B&. Each sensor has its own control and measurement
windows associated with it which are available when the sensor VPA tab is selected.

In this mode it is like having two different instanceshsd Power AnalyzefSoftware and switching between them
by selecting the appropriate VPA tab. There is no option to add a second sensor to an existirgnamgié VPA.
The only way to do that is to close the VPA channel and restart as a multichannel VPA.
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4.3 MeasurementBuffer Mode(API remote programming only)

MeasurementBuffer Modefor the RTP SeridReaiTimePower Sens@works in conjunction witiReal Time Power
t NP O S &cproyida all relevant burst information includitigning, power and crest factowhile eliminating the
need to buffer, download and pogtrocess large sample buffers.

MeasurementBuffer Mode captures and analyzes the input signal during time intervals of interest and discards
information that occurs during nerelevant intervals.This mode of operation performs most analysis in rixale
duringcapture. The big advantage tmseasurement buffemode offers to the user is that it reduces the stream

of sample data to a single data record for each pulse, burst or event. Even fastastfpulse rates, the data rate

to the user is orders of magnitude less than the sample data rate, so in most situations it becomes possible to store
and transfer power analysis results to the user in real time with no gaps in acquisition or analysis.

The Measurement BuffeMode circuitry can analyze and buffer points at better than 2M buffered points per
second (depending upon operating mode). RIEP SerieRealTimePower Sensainternal measurement buffer

can capture, analyze and store measurensefar up to 2048 bursts at full rate. Additionally, a "circular" or FIFO
capability allows continuous readout of buffered measurements by a host computer during capture and analysis.
This reattime feature effectively removes the 2048 point internal lauffimitation, and permits capture and storage

of test sequences of any size or duration to an external hesaisurement buffer Continuous buffered capture is
possible at sustained rates of better than 100K buffered points per second to a host menayrypadisk file.

4.3.1 Overview

The RTP SerieRealTime Power Sens@measurement buffer consists of 2048 buffer entries, each containing
information about a unique time interval.

Buffer Entries.Each "Buffer Entry" contains the following measurement vafaethat time interval:
Average interval power
Peak interval power
Minimum interval power
Interval start time (relative to start time of first entry)
Interval duration (time from start to end of interval)
Entry count (buffer reading numbeincremerts each entry)

A320 A0 bO9YUNEB [/ 2dzyih O2dzyiSN)I 0OFftt SR GaSljdsSyOS ydzyoS
have been processed and stored.
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Table 43 shows a sample measurement buffer consisting of seven buffer entries.
consists of seven entries, eaabresponding to a single burst.

In this example, the buffer

Entry | Interval [ nterv_al Interval I n_te_rval Interval Peak
Count | Start Duration | Average Minimum

0 0.00 us 5.01us |-0.043dBm |-39.042 dBm 8.826 dBm

1 9.99 us 5.00 us -0.006 dBm | -38.431 dBm 8.827 dBm

2 19.99 us 5.01 us 0.039 dBm | -41.549 dBm 9.742 dBm

3 30.00 us 5.00us | 0.017dBm |-38.551dBm 9.802 dBm

4 40.01 us 5.00 us 0.022 dBm | -40.699 dBm 9.477 dBm

5 49.99 us 5.00 us -0.020 dBm | -39.706 dBm 8.102 dBm

6 60.00 us 5.00us | 0.036 dBm |-37.803 dBm 9.750 dBm

Table4.2 Example of &Measurement BuffeMode measurement containing seven entries

Duration

Peak —-
Avg =
Min =

Entry
Count

L FLFLFLRL

Start

Time Ops 10ps

20us

30ps

Figure4.25 Sample burst signal showing buffer entry elements.

40ps

S0ps

60ps

Buffer Gates. The measurement interval for each Buffer Entry is defined by a "gate" signal that controls the start
and end of data acquisiticior that entry. At the start of each gate interval, a fresh acquisition interval is initiated,
and at the end of the gate, the acquisition interval is concluded and the result (the "buffer entry"), as shown in
Figure 4.8, is written to memory. The gat@gnal may be internally or externally generated in several different
ways- see "Gating Modes" section below.

Buffer Sessions.Each MeasurementBuffer Session" consists of a series of acquired buffer entries, stored in
sequential order to an onboard memory. The duration of a session may be monitored and controlled by user
command, by an external "run" signal, or limited to a preset number ofestr a preset time period. See "Session
Arming" and "SessiofiutoStop"sections below. Inthe example abg¥ke session consists of seven buffer entries,
acquired over approximately 65 microseconds.
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4.3.2 Measurement BuffeiMode Operation

GatingModes. Each Buffer Entry is controlled by a "buffer gate" that defines the start and end of the entry time
interval. The gate signal may be internally or externally generated in several different ways.

Marker Gate: Each buffer entry is "between markers" éntal for one triggered sweep. This mode is used
with the power sensor operating in triggered pulse mode, and the sweep system and markers are used to
define the start and end of each gate interval. The entire gate interval must fall within the lintite of
visible trace, so trigger and timebase settings must be appropriate for the signal.

Burst AutoGate Each buffer entry consists of a single pulse or burst. The start and end of the burst are
automatically identified by comparing the measured inpignsl to the trigger levelthreshold. Gate
qualifying and delay options are available to align the gate intervaltivitllesired portion of a burst.

External Gate Each buffer entry consists of a single measurement interval gated by the logic stiage of
Multi-I/O input. Qualifying and delay options are available to align the gate interval witivitiig-1/0
input.

External Trigger Gate Each buffer entry is initiated by assertion of telti-I/O input and ends after a
userdefined duration. Qudlying and delay options are available to align the gate start witiMi#i-1/0
input. If a qualifiedviulti-I/O assertion (rising edge) ocayprior to the programmed duration, the gate
interval in progress will end immediately and a new interval widibavith no gap between intervals.

Periodic Gate: Buffer entries are setimed intervals with usedefined period and duration. If period
setting is less than or equal to duration setting, the period setting will be used for both and there will be no
gap between successive intervals.

Acquisition of each entry begins upon assertion of the buffer gate, and concludes ufmseition of the buffer

gate. When the gate interval starts, a fresh accumulation of power samples begins. When the entryenigsyal

the accumulated power samples are processed to yield one set of avg/min/max and duration values for the entire
interval, and this result is stored to the next available buffer location in memory.

Power samples are not accumulated when the gateastive. Buffer entries (gates) may not overlap, however

gapless buffering (zero "gate inactive" time) is possible in certain modes. In this case, a new gate interval begins
immediately uporcompletionof the preceding gate interval.
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Gate Qualify. If the Gate Mode is set for Burst AutoGate or External Gate/Trigger, additional criteria and time
delays may be imposed to aid in aligning the gated measurement on a desired signal interval. Start and End
gualifying values indicate the time that thertoolling input (RF signal level or MIO external gate) must remain
above or below the qualifying threshofttigger level for RF input, TTL levels for MtiY)e recognized.

The Start qualifier can be used to reduce sensitivity to brief noise spikesthdibeirst is "off". Typicallythe start
gualify time will be short perhaps 10 to 50is.

The End qualifier is commonly used to avoid premature burst end detection when burst modulation causes the RF
signal to briefly fall below the qualifying thresholdror wideband modulation, this value must be longer than
expected modulation dips, but shorter than intbairst gaps typically 50 to 20Ms.

The internal gate signal is automatically adjusted to align withbdganningof recognized qualifying intenal no
user adjustment is necessary. This means that the qualified gate which controls buffering will correspond to the
actual start and end of the burst, and not be delayed by the qualifying times.

Gate Start/End Delay If time adjustment of the qualéd gate interval is needed to align the desired gate interval
with signal timing, the start and end times may be delayed by acsarolled value. Gate delays may be positive
or negative to permit moving the gate interval ahead or back in time, respgti

A positive start delay can be used to exclude the rising edge of a burst, or to exclude a training sequence of known
duration. Similarly, a negative end delay will cause the qualified gate to end early, so can be used to exclude the
falling edge of burst.

Since all processing is done in reale, a builtin signal FIFO is used to permit the "ldmck" action necessary to

start or end a gate interval prior to the qualifying event. Therefore, the difference of the qualifying time and gate
delay fa both the start and end gates cannot exceed the FIFO depth of 20 microseconds (implementation specific).
This means that if the end qualify time i1, the end delay may be no more negative tha8us. To simplify
settings control, the available tinie split in half between thgatequalify and negative delay limits.
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Figure4.26 Gate Qualify and Delay

Figure 4.26 illustrates how gate qualify and delay options may be combined to align the dresferdjate with a
signal burst.

1 TheStartQualifytime is set to 0.2us so the start of the burst will only be recognized when the signal
remains above the gate threshold for Q& or longer. This ensures that brief noise spikes while the burst
is off ae not recognized as a valid burst.

1 TheEndQualifytime is set to 1.Qus so the end of the burst will only be recognized when the signal remains
below the gate threshold for 1.0s or longer. This ensures that brief modulation dips during the burst do
not prematurely end the gate interval.

I The StartDelaytime is set to 0.5us. This begins the gate interval @S after the beginning of the
StartQualifyinterval andis used to exclude rising edge effects such as transition time or overshoot from
the gate masurement.

1 TheEndDelagime is settc-0.5us. This ends the gate interval @gbeforethe beginning of the EndQualify
interval andis used to exclude falling edge effects such as transition time from the gate measurement.

The entire qualified "burstierval” is 5us long- starting and ending at the beginning of the StartQualify and
EndQualify times. The final "gate interval" is offset at the start and end of the burst to exclude rising and falling
edge effects.Therefore, the measured "duration'osed in the buffer for the &s burst shown will be aboutus.

4-35



@Boonton

RTP Series Redlme Power Sensar

Session Arming (Start) controlAlthough buffered acquisition may be enabled ("running"), no data is collected
unless the session is "armed" to accept gate signals (see "Gating Modes"). Recognition of the selected gate signa
is controlled by arming or disarming the session.

When asession is armed, one buffer entry will be written to the buffer memory at the conclusion of each gate
interval. When the session is not armed, gate signals are ignored, and no entries are saved. This permits a sessiol
to be launched or controlled via eissoftware or an external signal.

The following settings are available to arm or coni@asurement Buffesessions.

Immediate: The session is armed immediatelgach valid gate signal will generate a buffer entry. The
session remains armed until disaed by other means (see "Session Stop" below).

ExtStart: The session is armed upon assertion of an external start (arming) pulse dviultiel/O.
Following arming, the buffer system will remain armed, and each valid gate signal will generate
a buffer enty. The session remains armed until disarmed by other means (see "Session Stop"
below).

ExtEnable: The session is armed when the external enable signal tavihii-1/O is asserted, and will
remain armed as long as thulti-1/O is asserted. If thélulti-I/O is deasserted, the system
disarms and sample acquisition halts. Asserting Mhdti-I/O signal again r@arms and
continues collecting buffer entries from the previous locatiGgndoes not reset the buffer.

At the start of anyMeasurementBuffer session, the buffer status is reset. This clears the entry count and discards
any unread entries.

Session AuteStop conditions. Each Buffer Session may be automatically terminatinis disarms the session so
no further entries are stored. Entries whid¢tave already been started are aborted without being written.
Automatic stop can occur in several ways:

Counted: The currentMeasurementBuffer session is terminated when "N" buffer entries have been
acquired during tht session.

Timed: The currentMeasuement Buffer session is terminated "T" seconds after the start of the
session.

ExtEnable: The currenMeasuremenBuffersession is terminated upon elssertion of an external buffer
enable signal on thi#ulti-I/O.

Overflow: The currentMeasurement Buffersession is terminated if the number of unread entries
reaches the capacity of the buffer.

l NOTE Auto-stop criteria are all examined, therefore the session will terminate for whichever event
"C' occurs first. Users may opt to configure or disable any of #ie autoestop criteria.
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Mbuf EnableModes. Overall control of theveasurement Buffesystem is handled in much the same way as other

measurements user controls for "Run”, "Stop" and "Reset" are available.

MbufEnable=ON: Reset tihdeasurementBuffer system and enable a neMeasurement Buffesession.
Acquisition will begin with the first buffer entry once the system is armed (see "Session Arming
(Start)control") and a valid gate signal is received (see "Gafiodes").

MbufEnable=OFF: Halé®y Measurement Buffeisession in progress. If the gate is currently active, its
acquisition data will be lost. This functions as a "stop" command and all acquired buffer data
will still be available to read. Note that sessions may already be stoppedod'autostop”
conditions being met

MbufReset Halts and clears thieleasurement Buffesystem. This will force MbufEnable to OFF. The read
count and write index are returned to zero and no buffer data will be available to read.

Buffer Read. Users mayread the entire buffer contents once the session is complete, or may read any newly
acquired entries while the buffer session is in progress. User settings control the maximum number of entries to
be returned for each I/O read, up to the full capacityttod buffer. However, the number of returned entries will

be limited to the number of "new" (acquired, unread) buffer entries.

Each time the user reads entries from the buffer, a read pointer is incremented by the number of entries returned,
and subsequetuser reads will return new buffer elements begimgiwith the first unread entry.

Circular/Continuous Buffer Acquisition. If the number of entries in a buffer session reaches the end of the
measurement buffer without stopping, buffered acquisition will continue in circular fashibat is entries will
"wrap" and begin refilling the buffer from the start.

Ordinarily, thiswould overwrite the buffer contents, resulting in loss of acquired measurements. However, since
users can read buffer sessions during acquisition, it is possiblerimdgcally empty the buffeso overwrite of old
data does not occur.

From a user perspeek, the buffer appears as a 2048 element FIFO. Provided the user avoids FIFO overflow by
reading the buffer periodically, the buffer entries may be stored externally by the user to create buffers of any size
desired.

If the user is not able to read thauffer before overflow occurs, two options are available to control behavior:

Overflow Protection ON: Enables awdmp for pending buffer overflow. Buffer entries continue to be
acquired in circular fashion provided the user periodically rebdsuffer. But if the buffer
fills to capacity (2048 unread entries) without being emptied, the session is terminated and no
further entries are stored. This mode gives priority to the earliest acquired entries and ignores
events after the session terminates. PRJLT MODE.

Overflow Protection OFF: Disables astop for buffer overflow. Buffer entries continue to be acquired in
circular fashion without regard to read status by the user. If the buffer fills to capacity (2048
unread entries) without being emptik new entries will continue to be stored, and will
overwrite the oldest entries. This mode gives priority to the latest acquired entries, and
discards older events whether or not they have been read by the user.
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4.3.3 Measurement BuffeMode User Settings

Thefollowing settings, queries and controls are exposed to the wgdr the goplicable modes and argument
options or numeric ranges shown. Note that this is the SENSOR command interface, and may not align exactly with
the APl interface. Please consult ABtumentation for available settings and queries.

Gate Settings

MbufGateMode [ MarkerGate | BurstAutoGate | ExtGate | ExtTrigGate | PeriodicGate ]
MbufGateStartQual 0.0 to 10us (BurstAutoGate, ExtGate and ExtTrigGate)
MbufGateStartDelay -10us to 100ms (BurstAutoGate, ExtGate and ExtTrigGate)
MbufGateEndQual 0.0 to 10us (BurstAutoGate and ExtGate)
MbufGateEndDelay 10us to 100ms (BurstAutoGate and ExtGate)

MbufGatePeriod 100ns to 10s PeriodicGate)

MbufGateDuration ~ 100ns to 100ms (ExtTrigGatand PeriodicGate)

Session Control Settings

MbufStartMode [ Immediate | ExtStart | ExtEnable ]

MbufStopCount 1to 1M rdgs (<=0 disables counted aukiop)

MbufStopTime 1 msto 1000 (<=0 disables timed autstop)

MbufProtection [on | off] Enables autestop for buffer overwrite
MbufEnable [on | off] "run/stop" control

MbufReset Stops and resetthe measurement buffer session

Measbuf Readback Settings
MbufFetchCount 1 to 2048 Sets # of entries to be returned to user

MbufAvailCount? Returns # otinread entries in MBUF
MbufFetchNext? Returns next "MbufFetchCount " entries, incr ptr
MbufFetchindex[?] Sets or returns current read pointer index

Multi-1/O Priority. TheRTP SerigRealTimePower Sens@Multi-I/O connectormay be used as inpuatr output
in several different ways. When conflicts occur, priority must be determined or undefined behavior will result.

Multi -Channel Operation: When synchronized buffering between multiple channels is required, the concept of
"master" and "slave" wilagain be needed to ensure gate intervals align between sensors. The "Trigger Source"
logic can be used here.
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TheMulti-I/O connector is notequiredby the Measurement Buffesystem irmanySinglechannel configtetions

Mode Master Slave Required Connections
Marker Pulse mode trigger out/arm | Pulse mode trigger in/arm statug InterconnectMulti-1/O
Gate status in signal tdrom the out signal to/fromMulti-I/O. inputs of master and
Multi-I/O connector Mbuf Mbuf gate signal internally all slaves.
gate signaisinternally generated by sweep system usi
generated by sweep systeim | same marker settings as master
each sensar so will be synchronized.
Burst RF Burst is qualified/delayed | Multi-I/O receives InterconnectMulti-1/O
AutoGate | by master to create the Mbuf| qualified/delayed burstetect inputs of master and
gate. MasteMulti-I/O signal from master. Each slave| all slaves.
outputs the Mbuf gate to all | operates in "Ext Gate" Mbuf
slaves. mode, so will follow maste
External | There is no "master"” or "slave" for this mode. MlUlti-I/O inputs | DriveMulti-lI/O inputs
Gate receive the ExtGate signal from a user source to gate each Mb| of all sensors from
entry. Mbuf entries for all connected sensorarstand end in synd usersupplied External
upon assertion and dassertion of user ExtGate signal. Gate logic signal.
External | There is no "master"” or "slave for this mode. Milllti-I/O inputs Drive Multi-1/O inputs
TrigGate | receive the ExtTrigGate signal from a user source to initiate ea| of allsensors from
Mbuf entry. Mbuf entries for all connected sensors start in syn{ usersupplied External
upon assertion of user ExtTrigGate signal and end after user | Gate logic signal.
configured time duration.
Periodic | Master uses internal period | Slaves perate in External Trigge| InterconnectMulti-I/O
and duration timers to control| Mbuf mode. All slav#ulti-1/O inputs of master and
Gate start and end of each Mbuf | inputs receive the start pulse all slaves.
entry. Multi-I/O of master from master to initiate each
outputs 100ns "start pulse” at| Mbuf entry. Each slave timéise
the start of each Mbuf period.| duration to end each entry.

Table4.3 Summary of thdvleasurement Buffefunctionsand I/O connectiong a multichannel environment

Driverfor RTP Sensoisunctionality. TheAPIfor RTP Sensoexposes all of the measurement buffer contratsd
functions described in this sectior-However, for most use cases, tA®loffers a simplified set of methods and
properties to allow the user to specify an arbitrary number of measurements to captuféis allows the
programmer to specify the pertinent modes and gate qualifications, acquire a-spseified number of
measurements, and then retrieve thmiffered measurement arrays.

For further informationsee theRTP Series Power Sensor Programming Reference
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5. Remote Programming

5.1 Introduction

The RTP Series R&aine Power Sensors may be remote controlled by end users using an Application Programming
Interface (API). The API for RTP Sensors can be usahlgyprogramming environments and languages including
C/C++, Python, Visual Basic, Visual C#, LabVIEW, MATLAB, and others. This API permits user applications to acc
power sensor control and measurement functions via a Dynamic Link Library (DLL)oré&anfarmation, please

see theRTP Series Power Sensor Programming Reference

5.2 Examples

Boonton provides programming examples using C++, C#, and Visual Basic. These can be downloaded on the
Gal ydzZfa g {2FGsl NBE LI IS 2y GKS .22yi2y 6So0ariasSo

An online command reference for the RTP Sehkieis available on the Boonton website
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5.3 Communication overview

User software interfaces with the sensor via an Application Programming Interface (API). Settings and
measurements can be set and queried using functions and properties defined in the programming reference. The
API communicates with the sensor using lowfeveOl f f & (G2 aAONRAaA2F(iQa 2AyR24a |
sends and receives proprietary binary commands and responses from the sensor. Figure 5.1 shows a graphical
representation of the data flow between a user application and a RTP SeriegiRed&ower Sensors

RTP Series Real-Time Power Sensors
Communication Data Flow

User Software (CH, VB,
LabVIEW, etc.)

Boonton RTP Series API

Windows USB Driver

RTP Series Real-Time Power
Sensors

Figure5.1 A graphical representation of the communications data fl
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6. MakingMeasurements

6.1 PulseMeasurements

6.1.1 Pulse Definitions

IEEE Std 811-2011 IEEE Standard for Transitions, Pulses, and Related Wavefopnawides fundamental
definitions for general use in time domain pulse technologyeveral key terms defined in the standard are
reproduced in this subsectip which also defines the terms appearing in REP SerieRealTimePower Sensar
text mode display of automatic measurement results.

6.1.2 Standard IEEE Pulse

The key terms defined by the IEEE standard are abstracted and summarized bekse.terms are refenced
to the standard pulse illustrated in Figure 6.1.

Overshoot \

Ringing
/\ Pulse Center l
i 90 % A X . Droop
Waveform 50% |, '
Amp“tude - Pulse Width
Pulse Duration
| 10 %
First Transition _ Second Transition _
Occurence o Occurance "
—» - —» -
Rise Time Fall Time
First Transition Second Transition
Duration Duration
- Waveform >
to

Figure6.1 IEEE Standard Pulse (IEEE 8tzt 2011)
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NOTE IEEE Std 1941977IEEEStandardfor Pulse Terms and Definitiorigs been superseded by IEEE
' Std 1811-2003and-2011 Many of the terms used below have been deprecated by the Hxwkever,
“@ these terms are widely used in the industry and familiar to users of Boonton power mieterthis
reason, they are retained.

TERM DEFINITION

Base Line The two portions of a pulse waveform which represent the first nominal s
from which a pulse departs and to which it ultimately returns.

Top Line The portion of a pulse waveform which represents the second nominal state
pulse.

First Transition The major transition of a pulse waveform between the base line and the tof
(commonly called the rising edge).

Last Transition The major transition of a pulse waveform between the top of the pulse ang
base line. (Commonlalled the falling edge.)

Proximal Line A magnitude reference line located near the base of a pulse at a spe
percentage (normally 10%) of pulse magnitude.

Distal Line A magnitude reference line located near the top of a pulse at a speq
percertage (normally 90%) of pulse magnitude.

Mesial Line A magnitude reference line located in the middle of a pulse at a speq
percentage (normally 50%) of pulse magnitude

Table6.1 PulseMeasurement Amplitude Thresholérms

6.1.3 Automatic PulseMeasurements

The RTP SerieRealTime Power Snsos and the Power AnalyzerSftware or APlautomatically analyzes the
waveform data in the buffers and calculates key waveform parameters. The calcuddied are displayed in Auto
Meas window

Table 6.2 summarizes the automatic field parameters available. Note that the Pulse Measurements can be edited
and customized. Amplitude related parameters will be displayed in the same units as sétettedChannel
Control Window.

Field Label | Parameter Definition

Width Pulse Width The interval between the first and second signal crossings of th
mesial line.

Rise Risetime Therising edge time interval from the firstossing of the proxima
line tothe first crossing of the distal line.

Fall Falltime Thefalling edge timentervalfrom the last crossing of the distal
line to the last crossing of the proximal line.

Period Pulse Period Thetime interval between two successive rising edges or two
successive falling edgegReciprocal of the Pulse Repetition
Frequency)

PRF Pulse Repetition | The number of cycles of a repetitive signal that take place in o

Frequency second.
Duty Duty Cycle The ratio of the pulse ctime to off-time.
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Offtime Off-time The time a repetitive pulse is offEqual to the pulse period minu
the pulse width).
WavAv Waveform Waveform Average Power
Average Power
PulsAv PulseAverage On | The averageél 2 yawer level across the pulse width, defined by
Power the intersectio of the pulse rising and falg edges with the
mesial lineand offsetby the StartGate and EndGate settings.
PulsPk PulsePeak Power | The maximum power level of the captured waveform
Ovicht Overshoot Leading edge overshoot (The difference betweenrtaimum
amplitude of the overshoot and the top line).
Droop Pulse Droop Rise or Droop in amplitude between the start and end of the pu
as defined by the StartGate and EndGate settings.
Top IEEE Pulskop The amplitude of the top line(SeelEEE definitions)
Amplitude
Bot IEEE Puldgottom | The amplitude of the base lindSee IEEE definitions)
Amplitude
Eddly Edge Delay Thedelay time relative to the trigger of the first onscreen mesial
level transition of either polarity. The Edge Delay value will be
negative if the mesial transition occuseforethe trigger event,
and positive ift occurs afterthe trigger event.
Skew Channehto- The time between the mesial level of a pulse on Channel 1 ang
ChannelSkew pulse on Channel ZThe pulse can be the power or trigger signa

Table6.2 Automatic Measurement Parameters

6.1.4 Automatic Pulse Measurement Criteria

Automatic measurements are made on repetitive signals that meet the following conditions:

Amplitude. The difference between the top and bottom signal amplitudes must exceed 6 dB to calculate
waveform timing parameters (pulse vifg period, duty cycle).The topto-bottom amplitude difference
must exceed 13 dB to measure rise and falltime.

Timing In order to measure pulse repetition frequency and duty cycle, there must be at least three signal
transitions. The interval betweetthe first and third transition must be at least 1/5 of a division (1/50 of the

screen width). For best accuracy on rise and falltime measurements, the timebase should be set so the
transition interval is at least ondalf division on the display.
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6.1.5 Automatic PulseMeasurement Sequence

The automatic measurement process analyzes the captured glgtain the following sequence:

1. Approximately 500 samples of the waveform (equivalent to one screen width) are scanned to determine the
maximumand minimum sample amplitudes.

2. The difference between the maximum and minimum sample values is calculatedt@ed as the Signal
Amplitude.

3. The Transition Threshold is computed as-bak the sum of the maximurand minimum sample amplitudes.

Stop Start

Transition

Start Threshold gg Stop

Figure6.2 Step Waveforms

4. The processor locates each crogsif the Transition Threshold.

5. Starting at the left edge of the screen, the processor classifies each Transition threshold crossinggatzordin
whether it is positivegoing € +) or negativegoing (+¢). Because the signal is repetitive, only three transitions are
needed to tassify the waveform, as shown in Table:6.3

Type Edge Sequence | Description

0 none No crossings detected

1 Not used

2 +¢ One falling edge

3 G+ One rising edge

4 +¢+ One falling, followed by one rising edge
5 C+¢ One rising, followed by one falling edge
6 +¢+C Two falling edges

7 c+c+ Two rising edges

Table6.3 Waveform Classification Types

6. If the signal is Type 0, (No crossings detected) no measurements can be performed and the routine is terminated,
pending the next reload of theeasurement buffes.
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7. The process locatelsd bottom amplitude (baseline) using the IEEE histogram metAddstogram is generated
for all samples in the lowest 12.8 dB range of sample vallies.range is subdivided into 64 power levels of 0.2 dB
each. The histogram is scanned to locate thenms level with the maximum number of crossingBhis level is
designated the baseline amplitudéf. two or more powetistograms contaiequal counts, the loweis selected.

8. The process follows a similar procedure to locate the top amplitude (tojp likee power range for the top
histogram is 5 dB and the resolution is 0.02 dB, resulting in 250 leVbéslevekrossing histogram is computed
for a single pulse, using the samples which exceed the transition thredifiokaly one transition exists the buffer
(Types 2 and 3), the process uses the samples that lie between the edge of the screen and thenttansghold
as shown in Figure 6.2

9. The process establishes the proximal, mesial, and distal levels as a percentage of the differeaen tmp
amplitude and bottom amplitude powerThe percentage can be calculated on a power or voltage bdgis.
proximal, mesial, and distal threshold values are user settable from 1% to 99%, with the restriction that the proximal
< mesial < distalNormally, these values will be set to 10%, 50% and 90%, respectively.

10. The process determines horizontal position, in pixels, at which the signal crosses the mesidihiali,edone

to a resolution of 0.1 pixel, or 1/5000 of the screen wid@rdinaily, the sample values do not fall precisely on the
mesial line, and it is necessary to interpolate between the two nearest samples to determine where the mesial
crossing occurredThis process ilustrated in the example shown Figure 63.

dBm mw

11 .8 :: 15.0

11.1 :: 13..0

10 .4 :: 11.0
9.5 ——9.0 Mesial
8.5::7.0
7.0::5.0

s

tn tx tn+j|_ t

Figure6.3 Time Interpolatiorexample

ltem dBm mw
Mesial value| 10.0 10.0
Sample n 8.0 6.3
Sample n+1| 11.0 12.6
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The interpolated crossigntime, t, is calculated as follows:
0
¥

0 O

ca ca

where P is in watts and n is the number of the sampling intergfdrenced to the trigger event.

For this example

5 o PO 0O
P& B
0 T

11. The processor computes the rise and/or falltimésvaveforms that meet the following conditions:
a) The waveform must have at least orsable edge (Types 2 throughas shown in Table 6.3
b) The signal peak must be at least 13 dB greétan the minimum sample value.

The risetime is defined as tligne between the proxnal and distal crossings +€).

The falltime is defined as the time between the distad proximal crossings ¢)-

RTP Series Redlme Power Sensar

If no samples lie between the proximal and distalues for either edge (rise ¢all), the risetime for that edgesi

set to O secods.
12. The processor calculates the output valifiegpplicableaccordirg to the following definitions:
a) Pulse Width Interval betweetsing and falling edgmesial points
b) Risetime See Step 11
c) Falltime See Step 11
d) Period gcle ime betweensuccessivenesial pointof the same polarity
e) Pulse RepetitioRrequency Reciprocal of Period
f) Duty Cycle Pulse Width/Period
g) Of-time (Period) (Pulse Width)
h) Peak Power Maximusample valudetween StartGate time and EndGate tif®ee Step 1)
i) Pulse Power Averagmwer between StartGate time and EndGate time
j) Overshoo(Peak Powen (Top Amplitude)
k) Average Power See Step 13
[) Top Amplitude See Step 8
m) Bottom Amplitude See Step 7
n) Droop between StartGate time and End&aime
0) Skew See Stelpt
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6.2 Marker Measurements

Table 64 summarizes the Marker Measurements available. Note that the Marker Measurements can be edited and
customized. Amplitude related measurements will be displayed in the same units as selected in the Channel Control

window.

Field Label | Parameter Definition

MkAvg Marker Average Average power over marker interval

MKMin Marker Minimum Minimum instantaneous power over marker interval
MkMax Marker Maximum Maximum instantaneous power over marker interval
MkMaxF Marker Maximum Filtered Maximumaverage fjltered) power over marker interval
MKkMinF Marker Minimum Filtered Minimum average f{ltered) power over marker interval
MkPk2A Marker Peak to Average Peakto-Average power rab over marker interval
MK1Lvl Marker 1 Level Average power at marker 1

Mk2Lvl Marker 2 level Average power at marker 2

MkMaxAv MarkerMax Interval Average | Highest vlue of averagédetweenmarkers

MKMinAv Marker Min Interval Average | Lowest alue of averagdetweenmarkers

Mk1Min Marker 1 Minimum Minimum power or voltage athe Marker 1

Mk1Max Marker 1 Maximum Maximum mwer or voltage at the Marker 1

Mk2Min Marker 2 Minimum Minimum power or voltage at the Marker 2

Mk2Max Marker 2Maximum Maximum power or voltage at the Marker 2

MkRatio Marker Ratio Ratio of Marker 1 taMarker 2

MkDelta Marker Amplitude Difference | Amplitude differencebetween Marker 1 and Marker 2
MkRDelta Marker Reverse Difference | Amplitude differencebetween Marker 2 and Marker 1
MKRRatio Marker Reverse Ratio Ratio of Marker 2 to Marker 1

MKk1Time Marker 1 Time Time at Marker 1

Mk2Time Marker 2 Time Time at Marker 2

MkTimeDelt | Marker Time Difference Time Difference between Marker 1 and Mark2

Table6.4 Marker Measurements
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6.2.1 Average Power Over @ime Interval

13. The average power of the signal ogdime interval is computed by:
a) uamming thepower values at each point withihe interval
b) Dividing the sum by the number of points
This processs used tocalculate Pulse Power, Average Power andatverage power between markers.

Since eaclpoint represents the power ove finite time interval, the endpoints are handled separately to avoid
spreading the interval by orlealf pixel at each end of the inteal/(See Figure 6.4For the interval in Figure 6.4,
the average power is given by:

C
C
C

Ca
Yal o)

P(dBm )

Po

\

Sampling Interval

A

Figure6.4 Sampling Intervals

14. To compute channdb-channel Skew, he processor calculates the delay between the two measurement
channels.The time reference for each channel is established by the first signal crossing (starting from the left edge
of the screen) which passes through the mesial 16me50% point in triger view). The signal excursion miuse at

least 6 dB
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6.3 Automatic Statistical Measurements
Statistical Measurements based on the CCDF Graph are summarized in 5aiRT&5000 only)

Field Label Parameter Definition

10% Power at 10% probability Peakto average power corresponding to 10% probability

1% Power at 1% probability Peak to average power corresponding to 1% probability

0.1% Power at 0.1% probability Peak to average power corresponding to 0.1% probabili

0.01% Power at 0.01% probability | Peak to average power corresponding to 0.01% probabi

0.001% Power at 0.001% probability | Peak to average power corresponding to 0.001% probat

0.0001% Power at 0.0001% probability Peak to average power corresponding to 0.000
probability

Pctat 0 dB Probability (percent) at 0 dB | Probability corresponding to @8 on the CCDF Graph

Cursor Pct Cursor Probability (percent) | Probability at the Cursor Position on the CCDF Graph

Cursor Pwr Cursor Power Peak to average power at the Cursor positianthe CCDF
Graph

Average Average The unweighted average of all power samples occur,
since acquisition started

Max Maximum The highest power sample occumirsince acquisition wa
started

Min Minimum The lowest power sample occurg since acquisitionvas
started

Peak/Avg Peak /Average Ratio The ratio (in dB) of thBeak Power to the Average Power

Dynamic Range| Dynamic Range The ratio (in dB) of thBeak Power to the Minimum Powe

Table6.5 Automatic Statistical Measurements
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7. Maintenance

This section presents pcedures for maintaining thBRTP SerieRealTimePowerSensos.

7.1 Safety Recommendation.

Although theRTP SerieRealTime Power Sensorkave been designed in accordance with international safety
standards, general safety precautions must be observed during all phases of operation and maintdtalce.

to comply with the precautions listed in the Safety Summlaoated in the front of this manual could result in
serious injury or performance issueservice and adjustments should be performed doyyqualified service
personnel.

Below is the afety recommendation for th&TP SeridReaiTimePowerSensors:
1  Onlyrotate the connector nut, DO NOT use the sensor body or device to tighten the connector.

1 Do notovertighten the RF connector
9 Do not use a connector with deformed threads, or a bent or broken conductor.
1 Do not touch matingplane surfaces with oily, or wdike nonconductive substances

1 Do not apply a lateral force to the center conductor

7.2 Cleaning

Painted surfaces and theFconnector can be cleaned very carefully with a mild cleaning solution (a solution of pure
isopropyl or ethyl alcohol) but make sut@ keep in mind its flammable natureAlso you can use a clean, water
dampened cloth to clean the body of tfRETP SeridlealTimePower S2nsos.

CAUTIONWhen cleaning the power sensor, do not allwy liquidto enter into the deviceAvoid using
chemical cleaning agents which can damage painted or plastic surfaces.

7.3 Inspectionand Performance Verification

If aRTP SerieRealTime Power S2nsor malfunctions, perform a visual inspection of the instrumdnspect for
signs of damageaused by excessive shock, vibration or overheatingpect for broken or damaged connection
port at sensor head, or accumulations of dust or other foreign matarect any problems you discover aretify
basic functionality wittthe Power AnalyzefSoftware.

If desired, onduct a performanceerification according to the procedure in tREP SeridRealTimePower Sensegr
Calibration and Verification Guado verify that the instrument is properly recognized the Windows OS and
operational. If the malfunction persists othe sensor device fails the performance verification, contact Boonton
Electronics for service.

7.4 Connector Care

The most common cause of power sensor problems is excess input péyplying power exceeding the labeled
damage levelsvill damage the sensing elements such that its voltage versus power relationships are changed,
resulting in erroneous power readingsihe other most common cause of power sensor problems is damaged
connectors.Connections should be tightened with theoper torque wrench applied to the coupling nut only. Any
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attempt to torque or untorque a connection using the body of the power sensor may result in either connector

damage, or in the connector becoming unthreaded from the body.

The following handling picautions must be observed to prevent conractiamage when usinBTP SerieReal

TimePower S&nsors
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Keep connectors clean and protect using the plastic end caps provided with each sensor.
Inspect connectors regularly and look for metal debris, scratohents.

Clean contact surface and threads with clediry compressed air.

Align connectors first and only rotate the connector nut.

Always follow MItG39012 standards for making a connection
AMILGo bnmH 2NJ LINBOAAA2Z2Y & LIS fordHe RF li@e2signalSdadiic@chidndction NI O

After proper alignment, rotate the connector nut by hand to connect or disconnect the connector of the

senso from a signal sourcas shown in Figure 7.1.

TIGHTEN
HOLD

AR

Type-N (m)

Figure7.1 Hold the connector body while rotating the knurled nut to tighten or loosen the connector.

If the connectornut is not equipped with a hex, should be hand tightened only

Do not overtighten the connector by using the sensor body for additional lager

Avoid mechanical shock

Avoid applying excessive power

Observe proper ESD (electrostatic discharges) precautions

Maintenance
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7.5 Software and Firmware Updates

Power AnalyzerSoftware included the ability to check online for updates to both itself and the firmwiare
connectedRTP SerieRealTimePower&nsors.

7.5.1 Firmware Update Procedure
hy GKS YIFIAYy YSydz 6FNJ aStSOG GKS

Boonton Power Analyzer - = o
Show Window: 7 6 Load Defaults % | M

Available Resources B

VisualStudio2012Light - | Graph  check For Updates
Settings
Windows Settings Display Software/Firmware

Available Resources

Select up to 8 resources per Virtual Power Analyzer:

Select Meter Type Channel Resource Virtual Power Analyzer
] e — CH1 USB:0x 1 BFE0X5500:87 28:BTN
[] i CH2 USB:0x1BFEX0X5500:8919:BTN

-

Figure7.2 The Check for Update button is used to check for available firmware and software updates.
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The Software Updates popup will appeér.y

"

@ Software Updates

Available Software Updates:

Package Latest Local Download
9 Available Version Latest
RTP4000 Series USB Avg
E 20161102 | ¢ 20161102 B8 3
RTP5000 Series USB Avg
LR 20161102 | ¢ 20161102 B8 n
Boonton Power Analyzer 3.0.12.0 v 3.0.12.0 n
- Download
|w| Check for updates at startup. Latest Exit

PPAS download progress: 3%

Figure7.3 The Software available popup is used to select updates of eith&TReSerieRealTimePower Senseffirmware
or thePower Analyzefoftware.

NOTE Rrmware current with the release of tiower Analyzefoftware is embedded in the program
' and does not hav® be downloaded.

!ﬁ

¢tKS a{StSOG { Sy & Beldct thedesiradidehsar fomfthe drag® 25d I y R Ot A O1 G h Y ¢

!7'" Select sensor

Please select one sensor for firmware update.

; Model RTP5006, Serial Number8728

[ oK H Cancel

Figure7.4 Selecing sensorfor firmware update. A dialog will appear and the firmware update will begifhis process will
take several minutesand a progress bar will indicate programming
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@ Firmware Update

Model: RTP5006 Status:

Serial: 8728 FPGA Updating
Current Firmware: 20151222

New Firmware: 20151222

Current FPGA: 20151116
New FPGA: 20151116

Figure7.5 The firmware update progress bar

Following successful firmware updatestatus dialog will be displayed

- B

SUCCess &4

o Firmware update succeeded.

OK

Figure7.6 Firmware update succeeded
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7.5.2 Power Analyzer &tware Update Procedure
hy GKS YIFIAYy YSydz 6FNJ aStSOG GKS

Boonton Power Analyzer
Show Window: aﬁ el Dt I BB

Available Resources
VisualStudio2012Light +| Graph  check For Updates
Settings

ito GKSy OfAO]

I+
>
(V)
™
c
o

Windows Settings Display  Software/Firmware

Available Resources

Select up to 8 resources per Virtual Power Analyzer:

Virtual Power Analyzer

Select Meter Type Channel Resource
] e — CH1 USB:0x 1 BFE0X5500:87 28:BTN
[] i CH2 USB:0x1BFEX0X5500:8919:BTN

-

Figure7.7 Checking fothe Power Analyze&oftware for software updates

CKS a! @FAtlFoftS {27FaG61 NBnotdedR lupgdde ¢he saBwaldzlydu st fitst dbwnlbad | NI
GKS a528yft2IR

theupdate.L y (0 KS NBabntdnPoweSI SR el SNE X Of A 0]
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Figure7.8 Download thePower Analyzefoftware.

A save file dialog box will appedChoose the location you wish to save the software update.

Figure7.9 Saving the downloaded software to a selected file location
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