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Welcome Welcome

Welcome

This help provides in-depth information on how to use the RSA5100A Series Real-Time Spectrum
Analyzers. For a shorter introduction to the Signal Analyzer, refer to the RSA5100A4 Series Real Time
Signal Analyzer Quick Start User Manual. To see tutorial examples of how to use your analyzer to take
measurements in different application areas, refer to the RSA5100A4 and RSA6100B Series Real Time

Signal Analyzer Application Examples Reference.
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About the Tektronix Signal Analyzer Product software

Product software

System software: The RSA5100A Series product software runs on a specially configured version of
Windows 7. As with standard Windows 7 installations, you can install other compatible applications,
but the installation and use of non-Tektronix software is not supported by Tektronix. If you need to
reinstall the operating system, follow the operating system restore procedure provided in Operating
System Restore (see page 29). Do not substitute any version of Windows that is not specifically
provided by Tektronix for use with your instrument.

Product software: The product software is the instrument application. It provides the user interface
(UI) and all other instrument control functions. You can minimize or even exit/restart the instrument
application as your needs dictate.

Standard accessories

The standard accessories for the instruments are shown below. For the latest information on available
accessories, see the Tektronix Web site .

Quick Start User Manual

B English - Option L0, Tektronix part number 071-2838-XX

B Japanese - Option L5, Tektronix part number 071-2840-XX

B Russian, Option L10, Tektronix part number 071-2841-XX

®  Simplified Chinese - Option L7, Tektronix part number 071-2839-XX
= English - Option L0, Tektronix part number 071-3064-XX

B Japanese - Option L5, Tektronix part number 071-3068-XX

®  Simplified Chinese - Option L7, Tektronix part number 071-3066-XX
B Russian, Option L10, Tektronix part number 071-3070-XX

Application Examples Reference

English — Tektronix part number 071-2834-XX

Simplified Chinese - Option L7, Tektronix part number 071-2835-XX
Japanese - Option L5, Tektronix part number 071-2836-XX

Russian, Option L10, Tektronix part number 071-2837-XX
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About the Tektronix Signal Analyzer Options

Product Documentation CD-ROM

The Product Documentation CD-ROM contains a collection documentation available for your product, in
PDF format. See Documentation (see page 5) for a list of the documents included on the CD-ROM.

NOTE. To check for updates to the instrument documentation, browse to www.tektronix.com/manuals
and search by your instrument's model number.

Important documents folder

Certificate of Calibration documenting NIST traceability, 2540-1 compliance, and ISO9001 registration

Power cords

North America - Option A0, Tektronix part number 161-0104-00
Universal Euro - Option A1, Tektronix part number 161-0104-06
United Kingdom - Option A2, Tektronix part number 161-0104-07
Australia - Option A3, Tektronix part number 161-0104-05

240V North America - Option A4, Tektronix part number 161-0104-08
Switzerland - Option A5, Tektronix part number 161-0167-00

Japan - Option A6, Tektronix part number 161-A005-00

China - Option A 10, Tektronix part number 161-0306-00

India - Option A11, Tektronix part number 161-0324-00

No power cord or AC adapter - Option A99

Optical wheel mouse

Options

To view a listing of the software options installed on your instrument, select Help > About Your
Tektronix Real-Time Analyzer. There is a label on the rear-panel of the instrument that lists installed
hardware options.
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About the Tektronix Signal Analyzer Documentation

Options can be added to your instrument. For the latest information on available option upgrades, see
Tektronix Web site.

Documentation

In addition to the instrument Help, the following documents are available. Many documents are provided
on the documentation CD provided with the instrument. For the most up to date documentation, visit the
Tektronix Web site www.tektronix.com/downloads.

Quick Start User Manual (071-2838-XX - English). This manual has information about installing
and operating your instrument. This manual is also available in Simplified Chinese (071-2839-XX),
Japanese (071-2840-XX), and Russian (071-2841-XX). These manuals are available in both print and
a printable PDF file.

Application Examples Reference (071-2834-XX). This manual provides examples of how to solve
problems using an RSA5100A and RSA6100B Series Signal Analyzer. The Application Examples
Reference is also available in Simplified Chinese (071-2835-XX), Japanese (071-2836-XX), and
Russian (071-2837-XX). These are available in both print and a printable PDF file.

Programmer Manual (077-0523-XX). This manual provides information to use commands for
remotely controlling your instrument. This is available as a printable PDF file.

Service Manual (077-0648-XX). This manual includes procedures to service the instrument to the
module level. This is available as a printable PDF file.

Specifications and Performance Verification Technical Reference Manual (077-0520-XX). This
manual includes both the specifications and the performance verification procedures. This is available
as a printable PDF file.

Declassification and Security Instructions (077-0521-XX) This document helps customers with
data security concerns to sanitize or remove memory devices from the instrument. This is available as
a printable PDF file.

The most recent versions of the product documentation, in PDF format, can be downloaded from
www.tektronix.com/manuals. You can find the manuals by searching on the product name.

Other documentation

Your instrument includes primary and supplemental information on CD-ROM:

Documents CD (Tektronix part number 063-4463-XX)

Video tutorials

You can browse the Tektronix YouTube channel (www.youtube.com/user/tektronix) to find video tutorials
about various topics related to your product. You can also subscribe to the Tektronix YouTube channel to
keep up with new postings.
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About the Tektronix Signal Analyzer

Searching for topics

Video tutorials

For example, you can watch a video tutorial about using the WLAN Presets. To find a video on this topic,
do the following. The following image shows you what the Tektronix YouTube Channel looks like.

1. Click on the search icon located just above the video you see when the page first loads.

NOTE. This icon allows you to search the Tektronix YouTube channel specifically. The search icon located
at the top of the page allows you to search all of YouTube .

2. Type in the keyword “WLAN” in the search field.

3. Click the search icon to start the search.

4. Videos related to the topic will appear. Click a video to view it.

Tektronix

fideos Liscussion About

Tektronix

'Iizktron/ix

5= Free
111 Basics Guide

K subscribe

1,518

How to use an oscilloscope

119,684 views 2 years ago

Tony and lan from Tektronix walk through what is an
oscilloscope, how to use an oscilloscope, and other
oscilloscope basics. You'll see how you might use
an oscilloscope to look at an RC circuit, something
many engineers encounter early in their studies
From there, learn about the most important
oscilloscope controls and how to use them

What is an Oscilloscope?
At its heart, an oscilloscope is a device that sho...
Read more
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Orientation Front panel connectors

Front panel connectors

q )
(S

[_eo

L] ®_®

Item Connector Description

1 Trig Out Trigger output connector. 50 Q, BNC, High > 2.0 V, Low < 0.4 V, (output

current 1 mA).

2 Trig In External Trigger input connector, 2.5 V to +2.5 V (user settable).
3 USB 2.0 USB 2.0 connector.
4 USB 2.0 USB 2.0 connector.
5 RF Input RF input connector 50 Q.

Front-Panel Controls

) Fre }
TN ~
) Span ) | Analysis
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Orientation Front-Panel Controls
Reference Item Function Menu Equivalent
1 Media DVD-RW or removable hard disk
drive.

2 Displays Opens the Displays dialog box Setup > Displays
enabling you to select which
displays to open.

3 Settings Openslcloses the Settings control Setup > Settings
panel for the selected display.

4 Trigger Opens/closes the Trigger control Setup > Trigger
panel.

5 Acquire Opens/closes the Acquire control Setup > Acquire
panel.

6 Analysis Openslcloses the Analysis control Setup > Analysis
panel.

7 Freq Press to adjust the measurement Setup > Analysis > Frequency
frequency.

8 Span (Spectrum) Press to adjust the span or press
and hold to display the Freq & Span
control panel for the General Signal
Viewing displays.

9 Amplitude Opens/closes the Amplitude control Setup > Amplitude
panel.

10 BW (Spectrum) Press to adjust the bandwidth or

press and hold to display the BW
control panel for the General Signal
Viewing displays.

,e.s\
a2 ) N @
G )
= O
o
@ 0519-045

Q)
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Orientation Front-Panel Controls
Reference Item Function Menu Equivalent
" Run/Stop Starts and stops acquisitions. Run > Start Run > Stop
12 Peak (Markers Moves the active marker to the Markers > Peak

section) maximum peak of the trace in the
selected display. If markers are
turned off, the marker reference (MR)
will appear at the maximum peak.

13 Select (Markers Selects the next marker. If markers

section) are turned off, the MR marker (marker
reference) will appear.

14 Define (Markers Opens the Markers control panel.

section) If markers are turned off, the MR
marker (reference) will appear.

15 Control knob Changes values in numeric and list
controls. Pressing the knob (clicking
it) is the same as pressing the Enter
key on a keyboard.

16 Arrow keys Move the Markers. The Up arrow
moves the selected marker to the
next highest peak. The down arrow
moves the selected marker to the
next lower peak value. The right and
left arrows move the selected marker
to the next peak.

17 Increment/decre- Increments or decrements the

ment keys selected value
18 Delete, (Markers Deletes the selected marker
section)

19 Add, (Markers Add a marker to the selected trace

section)

20 Replay Replays the current acquisition record

21 Single Sets the Run mode to Single

Sequence

n

Bksp

(7)) () (9 (GHz) (&)

) (5) (o) e
1) (2) (8) i)

x1/dBx

T 0 GE () (@)
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Orientation Front-Panel Controls

Reference Item Function Menu Equivalent

22 Keypad Enters values in numeric controls.

23 Enter Completes data entry in controls.
Same as pressing the Enter key on
an external keyboard.

Recall Help
) < Touch Screen
j Presets
D ( DPX Preset
0519-043

Reference Item Function Menu Equivalent

24 Recall Opens the Recall dialog box. File > Recall

25 Save Opens the Save As dialog box. File > Save As

26 Touch Screen Off Turns the touch screen on and off. It
is off when lighted.

27 Help Displays the help. Help > Online Manual

28 Applic Sets the instrument to the selected Presets > Application
Application Preset values.

29 DPX Sets the instrument to the selected Presets > DPX
DPX Preset values.

30 User Sets the instrument to the selected Presets > User
User Preset values.

31 Preset Returns the instrument to the default Preset
or preset values.
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Orientation Touch Screen

Touch Screen

You can use touch to control the instrument in addition to the front-panel controls, mouse, or extended
keyboard. Generally, touch can be used anywhere that click is mentioned in this help.

To disable the touch screen, push the front-panel Touch Screen Off button. When the touch screen is off,
the button is lighted. You can still access the on-screen controls with a mouse or keyboard.

You can adjust the touch screen operation to your personal preferences. To adjust the touch screen settings,
from Windows, select Start > Control Panel > Touch Screen Calibrator.

NOTE. If the instrument is powered on in Windows Safe Mode, the touch screen is inoperative. You will
need to use a mouse or keyboard to restore normal operation.

Touch-Screen Actions

You can use the touch screen to change marker settings and how waveforms are displayed by using the
Touch-screen Actions menu.

E Select
f

Span Zoom

CF Pan

o3

Zoom

T2

-

Pan

Reset scale

Marker to peak
Mext peak 3

Add marker
Delete marker

All markers off

Trigger On This

To use the Touch-screen Actions menu, touch the display in a graph area and hold for one second, then

remove your finger. You can also use a mouse to display the Touch-screen Action menu by clicking
the right mouse button.
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Orientation

Icon

Menu

Touch-Screen Actions

Description

k

Select

Selects markers and adjusts their position.

o]

Span Zoom

Zooms the graph area about the selected point. Touch the graph
display at a point of interest and drag to increase or decrease the
span about the point of interest. Span Zoom adjusts the span
control and can affect the acquisition bandwidth.

CF Pan

Adjusts the Center Frequency according to horizontal movement.

Zoom

Adjusts horizontal and vertical scale of the graph. The first
direction with enough movement becomes the primary scale of
adjustment. Adjustment in the secondary direction does not occur
until a threshold of 30 pixels of movement is crossed.

Dragging to the left or down zooms out and displays a smaller
waveform (increases the scale value). Dragging to the right or up
zooms in and displays a larger waveform (decreases the scale
value).

Pan

Adjusts horizontal and vertical position of the waveform. The first

direction with enough movement becomes the primary direction of
movement. Movement in the secondary direction does not occur

until a threshold of 30 pixels of movement is crossed.

Reset Scale

Returns the horizontal and vertical scale and position settings
to their default values.

Marker to peak

Moves the selected marker to the highest peak. If no marker is
turned on, this control automatically adds a marker.

Next Peak

Moves the selected marker to the next peak. Choices are Next
left, Next right, Next lower (absolute), and Next higher (absolute).

Add marker

Defines a new marker located at the horizontal center of the graph.

Delete marker

Removes the last added marker.

All markers off

Removes all markers.

Trigger On This

Use to visually define trigger parameters in the DPX display
(present only in the DPX Spectrum display).

Touch-Screen Menu for Spurious Display

The Touch-screen actions menu in the Spurious display has some minor changes compared to the standard

version used in other displays.

12
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Orientation Elements of the Display
IE Select
'@\ Zoam
Y "I,i' Fan
Reset scale
Marker to peak
Mext peak »
Add marker
Delete marker
All markers off
Single-range
Marker -= Sel Spur
Icon Menu Description
- Single-range Changes the current multi-range display to a single range display.
The displayed range is the range in which you display the
touchscreen-actions menu. Selecting Single-range from the menu
is equivalent to selecting Single on the Settings > Parameters tab.
- Multi-range Changes the current single-range display to a multi-range display.

Selecting Multi-range from the menu is equivalent to selecting
Multi on the Settings > Parameters tab.

Marker -> Sel Spur

Moves the selected marker to the selected spur.

Elements of the Display

The main areas of the application window are shown in the following figure.

RSAS5100A Series Printable Help
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Orientation

Replay toolbar

Vertical scale
controls and
other
measurement
controls and
readouts

Autoscale

Menu bar Application toolbar Trace controls and readouts
File Vi® Run Reploy Markers Setup Preset| Tools Window Help
B9 B @8 T ¥ S A Frequen @) 150000 GHz Reflev: 0.00 dBm Praset epla: O Stop
Replay: Acq Data AL R B B o S ) Select All Select.. §9 1 1/1/0001 0:0:0.00
W Time

Time:

Anayss | -2

Offset: 0.0 -
-200.000ns  go o
100.0 -

Autoscale | o postion: -380.000 ns

© Scale: 2.400 us
# Tracel [¥IShow +Peak Normal Clear |
» dB/div: 0.0 - =
10.0d8
o Span:
40.00 MHz
20.0 -
-40.0
-60.0
-80.0
[Autoscale | -100.0 - il
RMS: -51.45dBm © Postion: -200.000 ns © Scale: 2.020 us
I Markers Define v MR uency v | 1.849575 GHz To Center Pk . * + * Table X
‘Stwuc Not calbrated Real Tme _Free Run Ref: Int |Atten: 10 dB
1023-005
Marker toolbar Horizontal scale controls
Status bar Measurements area

Specific elements of the display are shown in the following figure.

14

Elements of the Display
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Orientation Elements of the Display

@@@@@@@@@ ® &6 ©
\view gun | Rebiy / Wi’
|

File \View \Sun | Reblay / Mdrkers” Sezp  Presets  To/fs  Window Help g X
B9 2 & T & & 1A | Frequency: 1.85000 GHz  Reflew: -11.00 dBm Prset Repla ) Stop .
v 7 Trace 1 vIShow Avg (VRMS) Avg Clear
o dB/div: -
10.0 dB M1: -137.58 dBm/Hz
AM1: 9.35 MHz
o RBW: IntPwrM1: -13.61 dBm
1.00 MHz PwrDenM1: -83.32 dBm/Hz
VBW:

-20.0 -

-60.0 -

-80.0 -

-100.0 -
Autoscale | © CF: 1.5000 GHz

© Span: 110.0 MHz

Markers | Defme | + MR Frequency v |1.849575 GHz To Center | | Peak | [« | [»] [+] [#] | Table | Lx ]

Stopped Not calibrated Real Time  Free Run Ref: Int Atten: 10 dB

1023-001
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Orientation

Ref
number

Setting

Elements of the Display

Description

1

Recall

Displays the Open window in order to recall setup files, acquisition data files,
or trace files.

Save

Opens the Save As dialog in order to save setup files, pictures (screen
captures), acquisition data files, or export measurement settings or acquisition
data.

Undo / Redo

Undoes or redoes the previous edit to a display or measurement settings, a
preset, or a measurement change.

Displays

Opens the Select Displays dialog box so that you can select measurement
displays.

Markers

Opens or closes the Marker toolbar at the bottom of the window.

Settings

Opens the Settings control panel for the selected display. Each display has
its own control panel.

Trigger

Opens the Trigger control panel so that you can define the trigger settings.

Acquire

Opens the Acquire control panel so that you can define the acquisition settings.

Analysis

Opens the Analysis control panel so that you can define the analysis settings
such as frequency, analysis time, and units.

10

Amplitude

Opens the Amplitude control panel so that you can define the Reference Level,
configure internal attenuation, and enable/disable the (optional) Preamplifier.

11

Frequency

Displays the frequency at which measurements are made. For spectrum
displays, this is called “Center Frequency”. To change the value, click the
text and use the front panel knob to dial in a frequency. You can also enter
a frequency with the front panel keypad or use the front panel up and down
buttons.

12

Reference Level

Displays the reference level. To change the value, click the text and enter a
number from the keypad or use the front panel up and down buttons.

13

Preset

Recalls the Main (see page 21) preset.

14

Replay

Runs a new measurement cycle on the last acquisition data record using any
new settings.

15

Run / Stop

Starts and stops data acquisitions. When the instrument is acquiring data, the
button label has green lettering. When stopped, the label has black lettering.
You can specify the run conditions in the Run menu. For example, if you
select Single Sequence in the Run menu, when you click the Run button,

the instrument will run a single measurement cycle and stop. If you select
Continuous, the instrument will run continuously until you stop the acquisitions.

16

Check mark indicator

The check mark indicator in the upper, left-hand corner of the display indicates
the display for which the acquisition hardware is optimized.

NOTE. When Best for multiple windows is selected in the Amplitude control
panel's RF & IF Optimization control, none of the measurement displays shows
a checkmark, as there is not a single optimized measurement.

17

Show

Shows / hides the selected trace.

16
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Orientation Rear-Panel Connectors

Rear-Panel Connectors

6
Item Description
1 AC Input, main power connector
2 GPIB
45 Digital | and Q Outputs (Option 05)
6 +28 V DC Output, switched
7 Microphone in; Headphone, audio output; and Line In connectors
8 External Trigger 2 Input
9 COM 2, serial port for connecting peripherals
10 VGA external monitor output (resolution not limited to VGA)
" PS2 keyboard input
12 USB 2.0 ports for mouse and other peripherals (printers, external hard disks)
13 Ref Out, reference frequency output
14 Ref In, reference frequency input
15 LAN, Ethernet network connector

Setting Up Network Connections

Because the instrument is based on Windows, you configure network connections for the instrument the
same way you would for any PC based on Windows. See Help and Support in the Windows Start menu
to access the Windows Help System for information on setting up network connections.
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Orientation Setting Up Network Connections
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Operating Your Instrument Restoring Default Settings

Restoring Default Settings

To restore the software to its factory default settings:
1. Seclect Presets > Preset Options.

2. In the Presets tab of the Options control panel, click to the view the Preset type drop down menu
and select Main.

3. Click to the view the Presets drop down menu and select Original.
4. Click the red X icon in the top right corner of the Options control panel to close the panel.

5. Select Presets > Main from the menu bar to return the software to its original factory default settings.

NOTE. You can also press the Preset button on the front-panel or click the Preset button on the right-hand
side of the display menu bar to load the Main preset.

NOTE. The Original Main preset resets all settings and clears all acquisition data (previously recalled
waveform files). Settings that have not been saved will be lost.

Running Alignments

Alignments are adjustment procedures. Alignments are run by the instrument using internal reference
signals and measurements and do not require any external equipment or connections.

These are the settings for Alignments:
B Automatically align as needed
B Run alignments only when the Align Now button is pressed

If Automatically align as needed is selected, alignments run whenever the signal analyzer detects a
sufficient change in ambient conditions to warrant an alignment.

If Run alignments only when "Align Now'" button is pressed is selected, the signal analyzer never runs
an alignment unless you manually initiate an alignment using the Align Now button.

NOTE. There are a few critical adjustments that must run occasionally even if Automatically align is
not enabled.

Alignment Status

When the signal analyzer needs to run an alignment, it displays a message on screen. If no message is
displayed, you can assume that the signal analyzer is properly aligned.
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Operating Your Instrument Presets

NOTE. If you must use the instrument before it has completed its 20-minute warm-up period, you should
perform an alignment to ensure accurate measurements.

Initiating an Alignment
1. Select Tools > Alignments.
2. Select the Align Now button.

The signal analyzer will run an alignment procedure. Status messages are displayed while the alignment
procedure is running. If the instrument fails the alignment procedure, an error message will be displayed.
If the instrument fails an alignment, run Diagnostics (Tools > Diagnostics) to see if you can determine
why the alignment failed.

Alignments during warm-up. During the 20-minute warm-up period, the signal analyzer will use the
alignment data generated during the previous use of the instrument as it warms to operating temperature
(if Auto mode is selected). During the specified period for warm-up, the instrument performance is not
warranted.

Alignments during normal operation. Once the signal analyzer reaches operating temperature +3 degrees C
(as detected inside the instrument), an alignment will be run. If an alignment becomes necessary during a
measurement cycle (if Auto mode is selected), the measurement is aborted and an alignment procedure is
run. Once an alignment procedure is completed, the measurement cycle restarts.

Instruments with an HD option have certain components that require alignment for +1 degree C change. In
these cases, once the signal analyzer reaches operating temperature £1 degree C (as detected inside the
instrument), an alignment will be run.

NOTE. The first time the instrument runs after a software upgrade (or reinstall), the instrument will
perform a full alignment after the 20—minute warm-up period. This alignment cannot be aborted and it
occurs even if alignments are set to run only when manually initiated.

Alignments Are Not Calibrations

Alignments are adjustment procedures run by the instrument using internal reference signals and
measurements. Calibrations can only be performed at a Tektronix service center and require the use of
traceable test equipment (signal sources and measuring equipment) to verify the performance of the
instrument.

Presets

20

Menu Bar: Presets

The analyzer includes a set of configurations or presets that are tailored to specific applications. These
configurations, referred to as Presets, open selected displays and load settings that are optimized to address
specific application requirements.
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Operating Your Instrument

Available Presets

Presets

Select Presets > Preset Options from the menu bar to access the available types of Presets:

B Main

= DPX

®  Standards

B Application

m  User

You can set if a preset is immediately executed when selected, or if a list of presets is displayed from which
you can select the Preset to recall. Available presets are described in the following table.

Presets Description
Main

Current This Preset sets the instrument to display a Spectrum display with settings matched
to show a Spectrum display with settings appropriate for typical spectrum analysis
tasks. This preset was updated from the original factory preset with version 3.2 of the
instrument software.

Original This Preset is the original factory preset used with software versions 1.0 through 3.2.
This version of the factory preset is included to allow users to maintain compatibility with
existing remote control software.

DPX

Open the DPX display The Open the DPX display opens the DPX display without closing existing displays.

Swept The DPX Swept Preset displays the DPX Spectrum display with the span set to maximum
and the center frequency set to 1/2 the span.

Real Time The DPX Real Time Preset displays the DPX Spectrum display with the center frequency
set to 1.5 GHz and the span set to the maximum available real-time bandwidth.

Zero Span The DPX Zero Span Preset displays the DPX Zero Span display with the position set to
0 s and the sweep set to 1 ms.

Standards

WLAN (see page 155)

This preset sets the instrument to display the WLAN Summary, WLAN Constellation, and
SEM displays. After you select the standards and bandwidth, the software configures
these displays to apply the parameters appropriate for typical WLAN analysis tasks.

P25 (see page 301)

This preset sets the instrument to display the MCPR, Time Overview, P25 Summary,
and P25 Constellation displays. After you select the standard and modulation type,
the software configures these displays to apply the parameters appropriate for typical
P25 analysis tasks.

Bluetooth (see page 301)

This preset set the instrument to display a particular set of displays depending on which
combination of standard (Low Energy or Basic Rate) and test setup (one of up to eight)
you select. After you select the standard and test setup, the software configures the
displays to apply the parameters appropriate for typical Bluetooth analysis tasks.

Application
Time-Frequency Analysis The Time-Frequency preset configures the instrument with settings suited to analyzing
(see page 25) signal behavior over time.
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Operating Your Instrument Presets

Presets Description
Spectrum Analysis (see The Spectrum Analysis application preset provide you with the settings commonly used
page 25) for general purpose spectrum analysis.
Modulation Analysis (see The Modulation Analysis setup application preset provides you with the most common
page 23) displays used during modulation analysis. Only present when Option 21 is installed.
Pulse Analysis (see The Pulse Analysis application preset provides you with the most common displays used
page 24) during pulse analysis, and makes changes to the default parameters to settings better

optimized for pulsed signal analysis. Only present when Option 20 is installed.

Spur Search Multi Zone The Spur Search application preset configures the instrument to show the Spurious
9k-1GHz display with the frequency range set to 9 kHz to 1 GHz.

Phase Noise (see page 24) The Phase Noise application preset opens the Phase Noise display, and makes changes
to the default parameters to settings better optimized for phase noise analysis. Only
present when Option 11 is installed.

Noise Figure (see page 26) The Noise Figure application preset opens the Gain, Noise Figure, and Noise Table
displays, and makes changes to the default parameters to settings better optimized for
noise figure analysis. Only present when Option 14 is installed.

User
User Preset 1 This Preset is provided as an example for you to create your own Presets. This preset
displays the Spectrum, Spectrogram, Frequency vs Time, and Time Overview displays.
User Preset 2 This Preset is provided as an example for you to create your own Presets. This preset

displays the Spurious display configured to test for Spurious signals across four ranges.

Preset Options

Select the Presets > Preset Options menu to open the Options control panel. This panel allows you to
select the following. Once you have chosen these settings, you can access any preset or list of presets
from Presets on the menu bar.

B Preset type: Select the Preset type.
B Presets: Select which preset you want to display for that particular preset type.

B Preset action: Recalling Presets results in either of two actions. One action is to immediately execute
a Preset. The second action displays a list of Presets from which you select the Preset you want to
recall. You can select from Recall selected preset or Show list.

Configuring a User Preset
After you have selected a preset:
EH  Set the measurement frequency using the front-panel knob or keypad.

®  Adjust the span to show the necessary detail.

Recalling a Preset

To recall a preset, select Presets and then the desired preset type.
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Operating Your Instrument Presets

NOTE. You can set which presets to recall from the Presets > Preset Options (see page 22) control panel.

To recall a named (User) preset from the front panel, press the button on the front panel matching the preset
type you want to recall. For example, to recall a DPX preset type, press the DPX button.

NOTE. You can also click the Preset button on the right-hand side of the menu bar to load the Main preset.

NOTE. The only Presets recalled by the front-panel Preset button, the Preset icon in the icon bar, and the
*RST remote command, are the Main Presets. Application, DPX, Standards, and User Presets can only
be recalled using selections in the Presets menu.

Creating User Presets

You can add your own presets to the list that appears in the User Presets dialog box. Configure the analyzer
as needed for your application and create a Setup file in C:\RSA5100A Files\User Presets. The name you
give the file will be shown in the User Presets list on the Presets tab of the Options control panel. For
instructions on how to save a Setup file, see Saving Data (see page 515).

Standards Presets

The Standards presets allow you to recall preconfigured displays for the standards that you select. You
can select from the following standards groups.

B WLAN: The IEEE wireless LAN (WLAN) standards specify the wireless interface between two
wireless clients or a wireless client and a base station. The WLAN presets allow you to access displays
preconfigured for the WLAN standards and bandwidths you select.

NOTE. More information is available about WLAN standards here (see page 155). You can also watch
a video tutorial about WLAN Presets at www.youtube.com/user/tektronix. Click here (see page 5) for
information about searching the Tektronix YouTube channel for videos.

m  P25: The Project 25 (P25) TIA-102 standards specify the design of interoperable digital two-way
wireless communications products. The P25 presets allow you to access displays preconfigured for
the P25 standards you select. You can choose either the Phase 1 (FDMA) standard or the Phase
2 (TDMA) standard.

NOTE. More information is available about P25 standards here (see page 301).

Modulation Analysis

The Modulation Analysis application preset opens the following displays:
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m  DPX display: Shows you a continuous spectrum monitoring of the specified carrier frequency.

®  Signal Quality: Shows a summary of modulation quality measurements (EVM, rho, Magnitude
Error, Phase Error, and others).

m  Constellation: Shows the I and Q information of the signal analyzed in an I vs. Q format.
B Symbol Table: Shows the demodulated symbols of the signal.

To use the Modulation Analysis preset (assuming the Preset action is set to Show list in the Presets tab
of the Options control panel):

1. Seclect Presets > Application. Seclect Modulation Analysis and then click OK.

2. Set the measurement frequency using the front-panel knob or keypad. Your signal should appear in
the DPX display.

3. Set the reference level so that the peak of your signal is about 10 dB below the top of the DPX display.

4. Set the modulation parameters for your signal. This includes the Modulation Type, Symbol Rate,
Measurement Filter, Reference Filter and Filter Parameter. All of these settings are accessed by
pressing the Settings button.

For most modulated signals, the Modulation Analysis application preset should present a stable display of
modulation quality. Additional displays can be added by using the Displays button, and other settings can
be modified to better align with your signal requirements.

Phase Noise

The Phase Noise application preset opens the Phase Noise display.

Pulse Analysis

The Pulse Analysis application preset opens the following displays:

= DPX: The DPX display is opened with the maximum available span.
B Time Overview: Shows amplitude vs. time over the analysis period.

B Pulse Trace: Shows the trace of the selected pulse and a readout of the selected measurement from
the pulse table.

B Pulse Measurement Table: This shows a full report for the user-selected pulse measurements.

You can make a selected pulse and measurement appear in the Pulse Trace display by highlighting it in the
Pulse Measurement Table. Key pulse-related parameters that are set by the Pulse Analysis application
preset are:

®  Measurement Filter: No Filter.

B Measurement Bandwidth: This is set to the maximum real-time bandwidth of the instrument
(40 MHz in a base instrument or 110 MHz with instruments with Option 110). Note: The label
on the “Measurement Bandwidth” setting is just “Bandwidth”. Like the main instrument Preset
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command and the other application presets, the Pulse Analysis application preset also sets most other
instrument controls to default values.

B Analysis Period: This is set to 2 ms to ensure a good probability of catching several pulses for
typical signals.

To use the Pulse Analysis preset (assuming the Preset action is set to Show list in the Presets tab of the
Options control panel):

1. Select Presets > Application. Select Pulse Analysis and then click OK.
2. Set the Center Frequency control to the carrier frequency of your pulsed signal.

3. Set the Reference Level to place the peak of the pulse signal approximately 0-10 dB down from
the top of the Time Overview display.

You may need to trigger on the signal to get a more stable display. This is set up in the Trigger control
panel. (“Trig” button). Using the Power trigger type with the RF Input source works well for many
pulsed signals.

4. Set the Analysis Period to cover the number of pulses in your signal that you want to analyze. To do
this, click in the data entry field of the Time Overview window and set the analysis length as needed.

Spectrum Analysis

The Spectrum Analysis application preset opens a Spectrum display and sets several parameters. The
Spectrum Analysis preset sets the analyzer as follows.

E  Spectrum Analysis : Sets the frequency range to maximum for the analyzer, and sets the RF/IF
optimization to Minimize Sweep Time.

To use the Spectrum Analysis preset (assuming the Preset action is set to Show list in the Presets tab
of the Options control panel):

1. Select Presets > Application. Select Spectrum Analysis and then click OK.
2. Set the measurement frequency using the front-panel knob or keypad.

3. Adjust the span to show the necessary detail.

Time-Frequency Analysis
The Time-Frequency Analysis application preset opens the following displays:
B Time Overview: Shows a time-domain view of the analysis time ‘window’.

B Spectrogram: Shows a three-dimensional view of the signal where the X-axis represents frequency,
the Y-axis represents time, and color represents amplitude.

m  Frequency vs. Time: This display's graph plots changes in frequency over time and allows you to
make marker measurements of settling times, frequency hops, and other frequency transients.

B Spectrum: Shows a spectrum view of the signal. The only trace showing in the Spectrum graph
after selecting the Time-Frequency Analysis preset is the Spectrogram trace. This is the trace from
the Spectrogram display that is selected by the active marker. Stop acquisitions with the Run button
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because its easier to work with stable results. In the Spectrogram display, move a marker up or down
to see the spectrum trace at various points in time.

The analysis period is set to 5 ms.

To use the Time-Frequency Analysis preset (assuming that Time-Frequency Analysis is the selected preset
on the list of Application Presets and Preset action is set to Recall selected preset):

1. Select Presets > Application. Select Time-Frequency Analysis and then click OK.

2. When the preset's displays and settings have all been recalled and acquisitions are running, adjust the
center frequency and span to capture the signal of interest.

3. Set the Reference Level to place the peak of the signal approximately 0-10 dB down from the top of
the Spectrum graph.

4. If the signal is transient in nature, you might need to set a trigger to capture it. For more information
on triggering in the time and frequency domain, see Triggering (see page 495).

When the signal has been captured, the spectrogram shows an overview of frequency and amplitude
changes over time. To see frequency transients in greater detail, use the Frequency vs. Time display.

The Time-Frequency Analysis preset sets the analysis period to 5 ms. The Spectrum Span is 40 MHz. The
RBW automatically selected for this Span is 300 kHz. For a 300 kHz RBW, the amount of data needed for
a single spectrum transform is 7.46 ps. A 5 ms Analysis Length yields 671 individual spectrum transforms,
each one forming one trace for the Spectrogram to display as horizontal colored lines. This preset scales
the Spectrogram time axis (vertical axis) to -2, which means that the Spectrogram has done two levels of
time compression, resulting in one visible line for each four transforms. This results in 167 lines in the
Spectrogram for each acquisition, each covering 29.84 pus.

Noise Figure
The Noise Figure and Gain Measurements application preset opens the following displays:

B Gain: This display shows gain versus frequency of the signal. The gain measurement is the ratio of
output power to input power in an amplifier or circuit element.

B Noise Figure: This display shows the noise factor in dB. This measurement can help you assess the
low level sensitivity of the DUT. Lower noise figure is found in better performing DUTs. Noise
factor is defined as the ratio of the input signal to noise ratio to the output signal to noise ratio (Input
SNR/Output SNR).

m  Noise Table: This table lists selected measurements in a spreadsheet format, showing the numeric
value at step frequencies for Gain, Noise Figure, Y Factor, Noise Temperature, PHot, and PCold.

You can read more about Noise Figure and Gain measurements here (see page 217).

Setting Options

Menu Bar: Tools > Options
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There are several settings you can change that are not related to measurement functions. The Option
settings control panel is used to change these settings.

Presets | Analyss Time | Save and Export ! GPIB ' Secunty I Prefs

Praset type: Presets:
Man - Original |
Praset action:

Recal salected preset -

Settings tab Description

Presets Use this tab to configure Presets. You can specify the action to take when a preset is
recalled and which preset to recall when the Preset button is selected.

Analysis Time Use this tab to specify the method used to automatically set the analysis and spectrum
offsets when the Time Zero Reference (see page 471) is set to Trigger.

Save and Export Use this tab to specify whether or not save files are named automatically and what
information is saved in acquisition data files.

GPIB Use this tab to set the primary GPIB address for the instrument.

Security Selecting the Hide Sensitive readouts check box causes the instrument to replace
measurement readouts with a string of asterisks.

Prefs Use this tab to select different color schemes for the measurement graphs and specify

how markers to automatically jump to the next peak (see page 459) when you drag them.
When this setting is deselected, you can drag a marker to any point on the trace.

Presets

The Presets tab in the Options control panel allows you to specify actions taken when you press the Preset
button. You can read more about this tab here (see page 22).

Analysis Time

The Analysis Time tab in the Options control panel is used to specify the method used to automatically set
the analysis and spectrum offsets when the Time Zero Reference (see page 471) is set to Trigger. The
available settings are:

B Include trigger point — Selects an algorithm that uses the measurements to determine how far in
advance of the trigger to set the analysis offset. The analyzer tries to ensure that data about the trigger
point is included in the analyses.

B Start at trigger point (legacy) — The method used by the instrument in prior versions, which sets the
Analysis Offset to zero when possible. The analyzer tries to ensure that data following the trigger
point is included in the analyses. Use this method if your measurements or procedures depend on past
behavior of the Auto Analysis Offset function.

RSAS5100A Series Printable Help 27



Operating Your Instrument Setting Options

Save and Export

The Save and Export tab allows you to specify whether or not files are saved with an automatically
generated name, and how much data is saved in an acquisition data file.

All files. The Automatically increment filename/number function can automatically name saved files by
appending a number to a base file name. Use this tab to enable/disable automatic naming of files. For
example, if Automatically Increment Filename Number is disabled, when you select Save from the File
menu, you will have to enter a name for the file.

Acquisition data files. This setting specifies whether saved data files include the entire acquisition record or
only the data for the analysis length (a subset of the acquisition record). You can choose from the following:

m  [Q records: Includes IQ records
B DPX spectra: Includes DPX spectra
B Both: Includes both 1Q records and DPX spectra

You can also select to include an entire IQ record or just the analysis length of it.

TIQ acquisition data files. Specifies which data records to save. You can choose from the following:
B Current acquisition: Saves the current acquisition.

B Current frame: If Fast Frame is enabled, saves only the current frame. The current frame is the
one most recently analyzed.

B Seclected frames: If Fast Frame is enabled, saves the specified frames.
m  All in history: Saves all acquisition records in the history.

®m  Save TIQ file now: Invokes the Save As dialog box with the Save as type drop-down list set to TIQ.

Security

The Security tab enables you to hide sensitive readouts in displays with readouts, such as the OFDM
Summary display.

Prefs

The Prefs tab enables you to set properties that apply to all displays.

Color scheme. The Color scheme setting provides three color schemes for the measurement graphs. The
color scheme setting does not change the overall instrument application or Windows color scheme.
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Thunderstorm — This scheme displays graphs in shades of blue. This provides a less vibrant color
scheme than the default setting.

Blizzard — This scheme displays graphs with a white background to save ink when printing.

Classic — The default setting. This scheme displays the graph area with a black background.

Markers snap to peaks when dragged. When selected, this setting causes makers to automatically jump
to the next peak (see page 459) when you drag them. When this setting is deselected, you can drag a
marker to any point on the trace.

Operating System Restore

The instrument contains an operating system restore file on a separate partition of the hard drive.

The preferred method to restore the instrument operating system is to use the hard disk restore file.

CAUTION. Using the restore process reformats the hard drive and reinstalls the operating system. All
saved data is lost. If possible, save important files to external media before performing a system restore.

1.

Restart the instrument. During the boot-up process you will see the following message at the top of the
screen: Starting Acronis Loader... press F5 for Acronis Startup Recovery Manager.

NOTE. 7o successfully complete the system restore, you must use the Windows version of the Acronis
software. Using a generic Macintosh keyboard starts the DOS version of the Acronis sofiware. Do not use
a Macintosh keyboard.

2.

Repeatedly press the F5 key until the Acronis True Image Tool opens. There is a 5-second time period
from when the message appears until the instrument proceeds with the normal instrument startup. If
the instrument does not open the Acronis application, power off the instrument, then power on the
instrument and try again.

Click Restore.

In the Confirmation dialog box, click Yes to restore the instrument operating system, or No to exit
the restore process. The restore process takes approximately 30 minutes; the actual time depends on
the instrument configuration.

RSAS5100A Series Printable Help 29



Operating Your Instrument Operating System Restore

30 RSAS5100A Series Printable Help



Using the Measurement Displays Selecting Displays

Selecting Displays
Menu Bar: Setup > Displays

Application Toolbar:

Use the Select Displays dialog to choose the displays that appear on the screen.

Choose any combination below, or use an Application Preset. [ Application Presets... ]
Measuremeants: Available displays:
General Signal Viewing AMPL
Analog Modulation I
GP Digital Modulation )
RF Measurements Amplﬂ:ude Vs DPX Frequency Pha_se Vs
OFDM Analysis Tirmne vs Time Tirmne
P25 Analysis
Audio Analysis m
Pulsed RF
WLAN Analysis RF I&Q wvs Spectrogram Time
Noise Figure and Gain Time Overview
Selected displays:

Spectrum

Remowve
[ oK l [ Cancel ]

To select displays:
1. Press the Displays button or select Setup > Displays.

2. Select one of the choices under Measurements. The measurement chosen determines the choices
available in Available displays.

3. Double-click the desired display in the Available displays box or select the desired display and
click Add.

4. Click OK.

Interactions Between Displays

Different displays can require different settings, for example acquisition bandwidth, analysis length, or
resolution bandwidth, to achieve optimum results. The application automatically adjusts some settings
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to optimize them for the selected display. The check mark indicator in the upper, left-hand corner of the
display indicates the display for which the application is optimized. Depending on application settings,
some displays might stop displaying results if they are not the selected display.
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Available Measurements

The automatic measurements available include RF power measurements, OFDM analysis, WLAN
analysis, APCO P25 analysis, Bluetooth analysis, audio analysis, analog modulation measurements, digital
modulation measurements, noise figure and gain measurements, and pulsed RF measurements.

Power measurements

Measurement Description

Channel Power The total RF power in the selected channel (located in the Chan Pwr and ACPR display).

Adjacent Channel Power Ratio Measure of the signal power leaking from the main channel into adjacent channels.

(ACPR)

Multi-Carrier Power Ratio The ratio of the signal power in the reference channel or group of channels to the power

(MCPR) in adjacent channels.

Peak/Avg Ratio Ratio of the peak power in the transmitted signal to the average power in the transmitted
signal (located in the CCDF display).

CCDF The Complementary Cumulative Distribution Function (CCDF). CCDF shows how much

time a signal spends at or above a given power level relative to the average power of
a measured signal.
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OFDM analysis

Measurement

Available Measurements

Description

Channel Response

Plots the channel response (magnitude or phase) versus the subcarrier or frequency.

Here, the channel refers to all sources of signal frequency response impairment up to
the analyzer input, including the transmitter itself, as well as any transmission medium
through which the signal travels between the transmitter and the analyzer.

Constellation

Shows the WLAN signal modulation amplitude and phase in | (horizontal) versus Q
(vertical) form. For multicarrier WLAN OFDM signals, the points show all data symbol
subcarriers' modulation. For single-carrier 802.11b, each point corresponds to a single
modulated chip.

EVM

The normalized RMS value of the error vector between the measured signal and the ideal
reference signal over the analysis length. The EVM is generally measured on symbol or
chip instants and is reported in units of percent and dB. EVM is usually measured after
best-fit estimates of the frequency error and a fixed phase offset have been removed.
These estimates are made over the analysis length. Displays RMS and Peak values with
location of Peak value.

Flatness

Ratio of the peak power in the transmitted signal to the average power in the transmitted
signal

Mag Error

The RMS magnitude difference between the measured signal and the reference signal
magnitude. Displays RMS and Peak values with location of Peak value.

Phase Error

The RMS phase difference between the measured signal and the ideal reference signal.
Displays RMS and Peak values with location of Peak value.

Power

shows the data symbols' individual subcarrier Power values versus symbol interval (time)
and subcarrier (frequency).
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WLAN measurements

Measurement

Available Measurements

Description

Channel Response

Plots the channel response (magnitude or phase) versus the subcarrier or frequency.

Here, the channel refers to all sources of signal frequency response impairment up to
the analyzer input, including the transmitter itself, as well as any transmission medium
through which the signal travels between the transmitter and the analyzer.

Constellation

Shows the WLAN signal modulation amplitude and phase in | (horizontal) versus Q
(vertical) form. For multicarrier WLAN OFDM signals, the points show all data symbol
subcarriers' modulation. For single-carrier 802.11b, each point corresponds to a single
modulated chip.

EVM

The normalized RMS value of the error vector between the measured signal and the ideal
reference signal over the analysis length. The EVM is generally measured on symbol or
chip instants and is reported in units of percent and dB. EVM is usually measured after
best-fit estimates of the frequency error and a fixed phase offset have been removed.
These estimates are made over the analysis length. Displays RMS and Peak values with
location of Peak value.

Flatness

Ratio of the peak power in the transmitted signal to the average power in the transmitted
signal

Mag Error

The RMS magnitude difference between the measured signal and the reference signal
magnitude. Displays RMS and Peak values with location of Peak value.

Phase Error

The RMS phase difference between the measured signal and the ideal reference signal.
Displays RMS and Peak values with location of Peak value.

Power vs Time

The signal power amplitude versus time. For 802.11b signals, the packet Power-On and
Power-Down ramp times are also measured.

Summary

Shows several measurements of WLAN signal quality.

Symbol Table

Shows decoded data values for each data symbol in the analyzed signal packet. For
OFDM (non-802.11b) signals, results are presented with subcarrier (frequency) indices
in the horizontal dimension and symbol (time) intervals in the vertical dimension. For
802.11b signals, the Preamble, Header, and Data (PSDU) symbol values are presented
sequentially, with symbol indices in the left column.
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Available Measurements

Digital Modulation measurements

Measurements for all modulation types except nFSK, C4FM, OQPSK and SOQPSK

Measurement

Description

EVM

The normalized RMS value of the error vector between the measured signal and the ideal
reference signal over the analysis length. The EVM is generally measured on symbol or
chip instants and is reported in units of percent and dB. EVM is usually measured after
best-fit estimates of the frequency error and a fixed phase offset have been removed.
These estimates are made over the analysis length. Displays RMS and Peak values with
location of Peak value.

Phase Error

The RMS phase difference between the measured signal and the ideal reference signal.
Displays RMS and Peak values with location of Peak value.

Mag Error The RMS magnitude difference between the measured signal and the reference signal
magnitude. Displays RMS and Peak values with location of Peak value.
MER (RMS) The MER is defined as the ratio of 1/Q signal power to I/Q noise power; the result is

indicated in dB.

1Q Origin Offset

The magnitude of the DC offset of the signal measured at the symbol times. It indicates
the magnitude of the carrier feed-through signal.

Frequency Error

The frequency difference between the measured carrier frequency of the signal and the
user-selected center frequency of the instrument.

Gain Imbalance

The gain difference between the | and Q channels in the signal generation path.
Constellations with gain imbalance show a pattern with a width that is different form
height.

Quadrature Error

The orthogonal error between the | and Q channels. The error shows the phase
difference between | and Q channels away from the ideal 90 degrees expected from the
perfect I/Q modulation. Not valid for BPSK modulation type.

Rho

The normalized correlated power of the measured signal and the ideal reference signal.
Like EVM, Rho is a measure of modulation quality. The value of Rho is less than 1 in all
practical cases and is equal to 1 for a perfect signal measured in a perfect receiver.
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Measurements for OQPSK and SOQPSK modulation types

Measurement

Description

EVM

The normalized RMS value of the error vector between the measured signal and the ideal
reference signal over the analysis length. The EVM is generally measured on symbol or
chip instants and is reported in units of percent and dB. EVM is usually measured after
best-fit estimates of the frequency error and a fixed phase offset have been removed.
These estimates are made over the analysis length. Displays RMS and Peak values with
location of Peak value.

Offset EVM

Offset EVM is like EVM except for a difference in the time alignment of the | and Q
samples. For EVM, | and Q samples are collected at the same time, for every symbol
decision point (twice the symbol rate for offset modulations). For Offset EVM, the | and Q
symbol decision points are time-aligned before collecting the | and Q samples. In this
case, one | and one Q sample is collected for each symbol (half as many samples as the
same number of symbols for (non-offset) EVM.

Phase Error

The RMS phase difference between the measured signal and the ideal reference signal.
Displays RMS and Peak values with location of Peak value.

Mag Error The RMS magnitude difference between the measured signal and the reference signal
magnitude. Displays RMS and Peak values with location of Peak value.
MER (RMS) The MER is defined as the ratio of 1/Q signal power to I/Q noise power; the result is

indicated in dB.

1Q Origin Offset

The magnitude of the DC offset of the signal measured at the symbol times. It indicates
the magnitude of the carrier feed-through signal.

Frequency Error

The frequency difference between the measured carrier frequency of the signal and the
user-selected center frequency of the instrument.

Gain Imbalance

The gain difference between the | and Q channels in the signal generation path.
Constellations with gain imbalance show a pattern with a width that is different form
height.

Quadrature Error

The orthogonal error between the | and Q channels. The error shows the phase
difference between | and Q channels away from the ideal 90 degrees expected from the
perfect I/Q modulation. Not valid for BPSK modulation type.

Rho

The normalized correlated power of the measured signal and the ideal reference signal.
Like EVM, Rho is a measure of modulation quality. The value of Rho is less than 1 in all
practical cases and is equal to 1 for a perfect signal measured in a perfect receiver.
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Available Measurements

Measurements for nFSK modulation types

Measurement Description
Peak FSK err Peak value of the frequency deviation error at the symbol point.
RMS FSK Err RMS value of the frequency deviation error at the symbol point.

Peak Mag Err

The Peak magnitude difference between the measured signal and the reference signal
magnitude.

RMS Mag Err The RMS magnitude difference between the measured signal and the reference signal
magnitude.
Freq Error The frequency difference between the measured carrier frequency of the signal and the

user-selected center frequency of the instrument.

Freq Deviation

Frequency distance from the center frequency at the symbol point.

Symbol Rate Error

This compares the user-entered symbol rate to the instrument calculated symbol rate of
the analyzed signal.

Symbol Rate

When in Auto-symbol rate, the instrument calculates the symbol rate of the signal and
the instrument calculates the error between the user entered value and the instrument
calculated value.

Measurements for C4FM modulation type

Measurement

Description

RMS Error Magnitude

RMS value of the frequency deviation error at the symbol point.

Carrier Frequency Error

Frequency difference between averaged signal frequency and the center frequency.

Deviation

Frequency distance from the center frequency at the symbol point.

Length

Number of symbols in the analysis area.

Analog Modulation measurements

Measurements for AM modulation

Measurement Description

+AM Positive peak AM value.

-AM Negative peak AM value.

Total AM Total AM value, which is equal to the peak-peak AM value divided by 2.

Measurements for FM modulation

Measurement Description

+Pk Positive peak frequency deviation.

-Pk Negative peak frequency deviation.

RMS RMS value of the frequency deviation.

Pk-Pk/2 Peak-to-peak frequency deviation divided by 2.
Pk-Pk Peak-to-peak frequency deviation.

RSA5100A Series Printable Help



Taking Measurements

Available Measurements

Measurements for PM modulation

Measurement Description

+Pk Positive peak phase deviation.
-Pk Negative peak phase deviation.
RMS RMS value of the phase deviation.
Pk-Pk Peak-to-peak phase deviation.

Noise Figure and Gain measurements

Measurement

Description

Noise Temperature

This measures thermal noise in the system.

Y Factor

This measurement method relies on a measurement of Noise Powers. These
measurements during the calibration portion of the Y Factor technique are close to the
noise floor limit; therefore, a low noise, low level measuring receiver or a spectrum
analyzer with a low noise sensitive preamplifier is required.

Gain

The measures the ratio of output power to input power in an amplifier or circuit element.

Noise Figure

This measures how much noise is added by an amplifier of other system component.
Noise Figure is Noise Factor expressed in dB. Noise factor is defined as the ratio of the
input signal to noise ration to the output signal to noise ratio (Input SNR/Output SNR) for
a reference load at an equivalent source noise temperature of 290K.

Uncertainty

Shows the uncertainty in noise and gain measurements and also provides values
showing the contribution of various elements to the overall uncertainty.

APCO P25 measurements

Measurement

Description

RF output power

Measure of RF output power when the transmitter is connected to the standard load
during defined duty cycle.

Operating frequency accuracy

Measure of the ability of the transmitter to operate on its assigned frequency.

Unwanted emissions (ACPR)

Ratio of the total power of a transmitter under prescribed conditions and modulation to
that of the output power that falls within a prescribed bandwidth centered on the nominal
frequency of adjacent channels.

Frequency deviation

Measurement of the amount of frequency deviation that results for a Low Deviation
and High Deviation test pattern.

Modulation fidelity

Measures the degree of closeness to which the modulation follows the ideal theoretical
modulation determined by the rms difference between the actual deviation and the
expected deviation for the transmitted symbols.

Symbol rate accuracy

Measures the ability of the transmitter to operate at the assigned symbol rate (4.8 kHz
for Phase 1, 6 kHz for Phase 2).

Transmitter power and
encoder attack time

Measures the time required for a transmitter to prepare and transmit information on the
radio channel after changing state from standby to transmit (applies to conventional
mode).

Transmitter power and
encoder attack time with
busyl/idle operations

Measures the time required for a transmitter to prepare and transmit information on the
radio channel after the receiving channel changes state from busy to idle.
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Measurement

Available Measurements

Description

Transmitter throughput delay

Measures the time it requires for audio changes in the microphone to be encoded and
transmitted over the air.

Transient frequency behavior

Measures the difference of the actual transmitter frequency and assigned transmitter
frequency as a function of time when the RF output power is switched on or off.

HCPM transmitter logical
channel time alignment

Measures the ratio of total transmitter power under prescribed conditions and modulation
to the peak power that falls in a prescribed bandwidth centered on the nominal frequency
of the adjacent channel during the transmitter power ramping interval.

Bluetooth measurements

Measurement

Description

Modulation characteristics

Verifies that the modulation characteristics of the transmitted signal are correct. This
measurement can only be done if the payload has the bit pattern 10101010 or 11110000.

Carrier frequency offset and
drift

Verifies that the carrier frequency offset and carrier drift of the transmitted signal is within
the specified limits for the Basic Rate and Low Energy standards. This test can be done
only if the payload contains 10101010 bit pattern.

Output power

Verifies the maximum peak and average power emitted from the EUT. The standard
recommends this test be done for a PRBS payload pattern.

In-band emission / ACPR

Verifies that the in-band spectral emission is within limits. The standard document
recommends that this measurement be done with Hopping off, finding the integrated
power in 1 MHz band (with RBW 100 kHz) in 80 channels starting from 2401 MHz to 2481
MHz. The integrated power values calculated in the adjacent channels are compared
against recommended limits (except the three channels around transmitted frequency).
This measurement is referred to as ACPR in the Basic Rate standards document.

20 dB bandwidth

Verifies if the emissions inside the operating frequency range are within limits. This
measurement is done with Hopping off. The difference between frequency points at
which the power level drops to 20 dB below the peak power of the emission is found as
20 dB bandwidth.

Frequency range

These measurements verify if the emissions inside the operating frequency range are
within the limits.

Power density

This measurement verifies the maximum RF output power density.

Out-of-band spurious emission

This measurement can be done for FCC or ETSI masks using the Spurious display.

Relative power

Verifies the relative power in the GFSK and PSK part of the Enhanced Data Rate signal.
This measurement is supported only when an Enhanced Data Rate signal is detected.

LTE measurements

Measurement

Description

Cell ID detection

The Cell ID is detected from the input LTE signal.
For TDD and FDD.

Adjacent Channel Leakage
Ratio (ACLR)

The Adjacent Channel integrated power is calculated and shown. The relative power
compared to the reference signal is also computed. The computed power is compared
against limits suggested by the selected standard and pass/fail is reported.

For TDD and FDD.
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Taking Measurements

Measurement

Available Measurements

Description

Channel Power

The channel power is calculated in the channel bandwidth.
For TDD and FDD.

Occupied Bandwidth

The Occupied bandwidth is calculated as bandwidth containing 99% of the total
integrated power in the selected span around the selected center frequency.

For TDD and FDD.

Operating Band Unwanted
Emission

The power in the offset regions is calculated and presented and compared against limits
set in the offset and limits table and pass/fail is reported.

For TDD and FDD.

Tore

The power in off-slot region is computed and compared against selected limits.
For TDD only.

Pulse measurements

Measurement

Description

Average ON Power

The average power transmitted during pulse on.

Peak Power

Maximum power during pulse on.

Average Transmitted Power

The average power transmitted, including both the time the pulse is on and the time
it is off, and all transition times.

Pulse Width The time from the rising edge to the falling edge at the -3 dB / —6 dB level (50%) of the
user selected 100% level. Level is user selectable for Volts or Watts.

Rise Time The time required for a signal to rise from 10% to 90% (or 20% to 80%) of the user
selected 100% level.

Fall Time The time required for a signal to fall from 90% to 10% (or 80% to 20%) of the user

selected 100% level.

Repetition Interval

The time from a pulse rising edge to the next pulse rising edge.

Repetition Rate

The inverse of repetition interval.

Duty Factor (%) The ratio of the width to the pulse period, expressed as a percentage.

Duty Factor (Ratio) The ratio of the pulse width to the pulse period.

Ripple Ripple is the peak-to-peak ripple on the pulse top. It does not include any preshoot,
overshoot, or undershoot. By default, the first 25% and the last 25% of the pulse top is
excluded from this measurement to eliminate distortions caused by these portions of
the pulse.

If the Amplitude units selected in the Amplitude panel (affects all amplitude measurements
for the analyzer) are linear, the Ripple results will be in %Volts. For log units, the Ripple
results will be in %Watts. The default for the general Units control is dBm, so the Ripple
results default is %Watts.

See also Ripple (see page 548).

Ripple dB The Ripple measurement expressed in dB.

Droop Droop is the power difference between the beginning and the end of the pulse On time. A
straight-line best fit is used to represent the top of the pulse. The result is a percentage
referenced to the Average ON Power.

Droop dB The Droop measurement expressed in dB.
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Available Measurements

Measurement Description

Overshoot The amount by which the signal exceeds the 100% level on the pulse rising edge. Units
are %Watts or %Volts.

Overshoot dB The Overshoot measurement expressed in dB.

Pulse-Pulse Phase Difference

The phase difference between the selected pulse and the first pulse in the analysis
window. The instantaneous phase is measured at a user-adjustable time following the
rising edge of each pulse.

Pulse-Pulse Freq Difference

The difference between the frequency of the current pulse and frequency of the previous
pulse. The instantaneous frequency is measured at a user-adjustable time following the
rising edge of each pulse.

RMS Freq Error

The RMS Frequency Error measurement is the RMS average of the Freq Error vs. Time
trace, computed over the Measurement Time.

Max Freq Error

The maximum frequency error is the difference between the measured carrier frequency
of the signal and the user-selected center frequency of the analyzer.

RMS Phase Error

The RMS Phase Error measurement is the RMS average of the Phase vs Time trace,
computed over the Measurement Time.

Max Phase Error

The phase is measured at each point during the pulse's ON time. The phase error for
each point is the difference between the measured phase value and the calculated ideal
phase value. After the phase error is calculated for all points in the acquisition record,
the largest error in the positive direction and the largest in the negative direction are
determined. Whichever of these two values has the greater absolute value is designated
the Max Phase Error.

Freq Deviation

The Frequency Deviation measurement is the difference between the maximum and
minimum measured values of the signal frequency during the Measurement Time.

Delta Frequency (Non-chirped
pulse)

The Delta Frequency measurement is the difference from the measurement frequency
to each pulse frequency. Pulse frequency is calculated across the time defined by the
Frequency Domain Linearity setting in the Define tab.

The measurement is available for modulation types CW (Constant Phase), CW
(Changing phase). and Other (manual) setting in the Freq Estimation tab.

The measurement is not specified for chirp or other signals and no answer is returned
when frequency estimation is set to Chirp.

If frequency estimation is set to Other, then Frequency Offset must be set to 0 Hz and the
Range can be set to +40% of the acquisition bandwidth.

A least-square fit of slope of phase vs. time over the measurement period is used for the
measurement of the individual pulse frequency. Frequency difference is calculated as the
difference between the reference frequency and the calculated frequency of the pulse.

Phase Deviation

The Phase Deviation is the difference between the maximum and minimum Phase values
measured during the ON time of a pulse.

Impulse Response Amplitude

The difference in dB between the levels of the main lobe and highest side lobe.

Impulse Response Time

The difference in time between the main lobe and highest side lobe.

Time

This is the time in seconds relative to the time reference point in the first acquisition
record in the data set.
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General Signal Viewing Overview

Overview

The displays in General Signal Viewing (Displays > Measurements > General Signal Viewing) are:
B Amplitude vs Time

®  Frequency vs Time

B Phase vs Time

®m RFI & Q vs Time

B Spectrogram

B Spectrum

B Time Overview

These displays provide extensive time-correlated multi-domain views that connect problems in time,
frequency, phase and amplitude for enabling you to more quickly understand cause and effect when
troubleshooting.

Time Overview Display

The Time Overview display shows the entire acquisition record and shows you how the spectrum time and
analysis time fit within the acquisition record. This enables you to see how you can adjust the spectrum
time and analysis time to measure portions of the data.

You can specify the maximum number of trace points in the Time Overview display. You can set the
maximum number of trace points to 1K, 10K, 100K, 1M points or to Never decimate. If the Acquisition
Length includes more than 10,000 sample points (and Max trace points is not set to Never decimate), the
trace is decimated (using the +Peak method, similar to +Peak detection in a Spectrum display) to 10,000
points. This decimated trace is what is used for marker measurements.

The Time Overview window displays the Spectrum Length and Analysis Length. The Spectrum Length
is the period of time within the acquisition record over which the spectrum is calculated. The Analysis
Length is the period of time within the acquisition record over which all other measurements (such as
Amplitude vs. Time) are made. The Spectrum Length and Analysis Length can be locked together so
that the data used to produce the Spectrum display is also used for measurement displays; however, they
do not have to be tied together. They are by default specified separately and used to analyze different
parts of the acquisition record.
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General Signal Viewing Time Overview Display

Elements of the Time Overview Display

@

@ Time: (" 0.0 - =
@ Offset: H =
-200.000 ns
@ Length: -40.0 -
2.020 us
-60.0 -
o dB/div:
10.0 dB
-80.0
-100.0 - : y
Autoscale o Position: -5.580 (|s o Scale: 34.980 us
Item Element Description
1 Time Select the type of time analysis to be performed. You can select Analysis,
Spectrum, or Linked.
2 Offset Sets the offset of the selected analysis time control.
3 Length Sets the length of the selected analysis time control.
4 Position and Scale Adjusts the vertical scale and position.
5 Scale indicators Shows the vertical scale.
6 Autoscale button Resets the horizontal scale to display the entire acquisition record and the
vertical scale to show all trace points.
7 Horizontal offset Adjusts the horizontal offset.
8 Results Timeline This fuchsia line indicates the portion of the record actually used for

calculating the selected result. For example: if a pulse measurement is
selected, it shows the period of the specific pulse. For a constellation display,
it shows the points included in the demodulation.

9 Amplitude vs. Time graph The trace represents the entire acquisition record (at full horizontal scale).
The graph indicates the Analysis Length or Spectrum Length on the graph
with a darker background.

10 Horizontal Scale Adjusts the span of the graph. By decreasing the scale, the graph essentially
becomes a window that you can move over the acquisition record by adjusting
the offset.
" Spectrum Length and Offset This red line indicates the Spectrum Length and Offset. The longer the time,
Indicator (red line, top of the longer the bar. Adjusting the offset shifts the bar left or right.
graph)

12 Analysis Length and Offset The blue line indicates the Analysis Length and Offset. The longer the time,
Indicator (blue line, top of the longer the bar. Adjusting the offset shifts the bar left or right.

graph below red line)
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General Signal Viewing Time Overview Settings

NOTE. The area with black background (not gray) in the Amplitude vs. Time Graph highlights the control
selected in the Analysis Time Control drop-down list.

Changing the Time Overview Display Settings (see page 45)

Time Overview Settings

Menu Bar: Setup > Settings

Application Toolbar: &

The Setup settings for Time Overview are shown in the following table.

Settings tab Description

Scale (see page 73) Adjusts the vertical and horizontal scale and offset of the display.
Trace (see page 47) Allows you to select the types of trace to display and its function.
Prefs (see page 74) Specifies whether or not certain display elements are shown.
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General Signal Viewing Navigator View

Navigator View

46

The Time Overview Navigator View places the Time Overview display across the top of the application
screen. This allows you to adjust the area of interest in the Navigator View and see the results
simultaneously in the other displays. For example, in the following image, adjusting the mask in the
Navigator View moves the trace and markers in all of the other displays.

[ [E— o
; -

Pastion
108 e

Show Navigator View

To show the Navigator View, select View > Navigator View. To remove the Navigator View, deselect
Navigator View in the View menu.

View | Run  Replay
Full Screen

Replay toclbar

Marker Toolbar
Status Bar

| MNavigator Yiew
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General Signal Viewing

Trace Tab

Trace Tab

The Trace Tab allows you to set the display characteristics of displayed traces.

Scale | Trace |prefs

[¥] shawy [CIFreeze Save Trace &s...
Detection:  |+Peak -
Count
Function: |Awg (WRMS) - D

Setting Description

Show Shows / hides the selected trace.

Detection Sets the Detection method used for the trace. Not available for saved traces. Available
detection methods are +Peak, -Peak, +/-Peak, Avg (VRMS), and Sample. Not all
detection methods are available in all displays.

Function Selects the trace processing method. Available settings are: Normal, Average, Max
Hold, and Min Hold.

(Number of Traces) Sets the number of traces averaged to generate the displayed trace. (Present only
when Function is set to Average.)

Freeze Halts updates to the selected trace.

Save Trace As

Saves the selected trace to a file for later recall and analysis.

Show Recalled trace

Displays a saved trace instead of a live trace.

Detection

Trace Detection occurs when the trace is being decimated by the measurement. For example, if the
maximum number of trace points is 100,000, and the selected analysis region is 200,000 samples, the
measurement must decimate the 200,000 resulting trace points by 2 to prevent exceeding the 100,000 trace
point limit. Since only one value can be selected for each trace point, an algorithm must be used to select
(detect) the appropriate value to use.

The IQ samples in a data acquisition can be detected in a variety of ways. The number of IQ samples
available to each trace point varies with both analysis length and trace length. For example, with Spectrum
Length set to ‘Auto’ in the Analysis menu, the instrument analyzes just enough samples to produce one
1Q sample pair per trace point. In this case, the detection method chosen has very little effect, as the
+Peak, -Peak, Avg (VRMS) and Sample values are all equal. Changing the Spectrum Length causes the
available detection methods to differ in value because they have a larger set of samples for the various
detection methods to process.

The available detection methods (depending on the display) are:
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48

+Peak — Each point on the trace is the result of detecting the positive peak value present in the set of
1Q samples available to that trace point.

-Peak — Each point on the trace is the result of detecting the negative peak value present in the set of
IQ samples available to that trace point.

+/-Peak — Selects the highest and lowest values of all the samples contained in two consecutive
acquisition intervals.

Avg (VRMS) [Average Vrus] — Each point on the trace is the result of determining the RMS Voltage
value for all of the 1Q samples available to the trace point. When displayed in either linear (Volts,
Watts) or Log (dB, dBm), the correct RMS value results. When the averaging function is applied to a
trace, the averaging is performed on the linear (Voltage) values, resulting in the correct average

for RMS values.

Sample — The result is calculated based on the first sample available in the set of IQ samples for
each trace point.

Trace Processing

Traces can be processed to display in different ways. The Function setting controls trace processing.

Normal - Each new trace is displayed and then replaced by the next trace. Each data point contains a
single vertical value.

Average - Multiple traces are averaged together to generate the displayed trace. There is one vertical
value for each underlying frequency data point. Once the specified number of traces have been
acquired and averaged to generate the displayed trace, each new trace takes the place of the oldest
trace in the calculation. The Number of Traces setting specifies how many traces averaged.

Max Hold - Displays the maximum value in the trace record for each display point. Each new trace
display point is compared to the previous maximum value and the greater value is retained for display
and subsequent comparisons.

Min Hold - Displays the minimum value in the trace record for each display point. Each new trace
display point is compared to the previous minimum value and the lesser value is retained for display
and subsequent comparisons.

Saving Traces

To save a trace for later analysis:

1.
2.
3.

B
Select the Save icon . This displays the Save As dialog box.
Navigate to the desired folder or use the default.

Type a name for the saved trace and click Save.

Recalling Traces

You can recall a previously saved trace for analysis or comparison to a live trace.
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General Signal Viewing Spectrum Display

To select a trace for recall:

1. Select the trace into which the recalled trace will be loaded, from the Trace drop-down list.
2. Check the Show check box.

3. Click the ... button to display the Open dialog box.

]

4. Navigate to the desired file and click Open.
5. Check the Show Recalled Trace check box.

6. Verify that the trace's Show check box is selected (either on this tab or next to the drop-down list
located at the top-left corner of the graph).

Spectrum Display

To display a spectrum:
1. Click the Displays button or select Setup > Displays.
2. From the Measurements box, select General Signal Viewing.

3. Double-click the Spectrum icon in the Available displays box. This adds the Spectrum icon to the
Selected displays box (and removes it from the Available displays box). Alternatively, you can click
the Spectrum icon and then click the Add button to select Spectrum for display.

4. Click the OK button.
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Elements of the Spectrum Display

@

¥|Show +Peak Normal |He;|

¥ Trace 1
' dB/div: 0.0 -
10.0 dB
@ o RBW: S0 -
300 kitz
VBW:
@ 40.0 -
-60.0 -
-100.0 -
[ Autoscale | © CF: 1.50000 GHz

®@ @

Spectrum Display

i
i

i R n A A ) y ‘.W o 'L"‘l'
I 'k'~|" "W I'IJHIN"WT iR

o Span: 40.00 MHz

1023-007

Item Display element Description
1 dB/div Sets the vertical scale value. The maximum value is 20.00 dB/division.
2 RBW Sets the resolution bandwidth. Note that when the RBW is set to Auto, its
value is italicized.
3 VBW Enables the VBW (Video Bandwidth) filter. See Setup > Settings > BW Tab
(see page 71).
4 Autoscale Adjusts the Vertical and Horizontal scaling to display the entire trace on
screen.
5 Position Default function is CF - center frequency (equivalent to the Freq setting).
If Horizontal scaling has been manually adjusted in Settings > Scale, then
Offset will replace CF as the setting at the bottom-left corner of the screen.
6 Span / Scale Default function is Span - frequency difference between the left edge of
the display and the right edge. If Horizontal scaling has been manually
adjusted in Settings > Scale, then Scale will replace Span as the setting at
the bottom-right corner of the screen.
Clear Restarts multi-trace functions (Avg, Hold).
Function Readout of the Detection and Function selections for the selected trace.
Show Controls whether the selected Trace is visible or not. When trace is Off, the
box is not checked.
10 Trace Selects a trace. Touching here pops up a context menu listing the available

traces, whether they are enabled or not. If user selects a trace that is not
currently enabled, it will be made enabled.

50
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General Signal Viewing Spectrum Settings

Changing the Spectrum Display Settings (see page 51)

Spectrum Settings

Menu Bar: Setup > Settings

Application Toolbar: &

The settings for the Spectrum display are shown in the following table.

Settings tab Description

Freq & Span (see page 67) Sets frequency and span parameters for the Spectrum Analysis display.
BW (see page 71 Sets Resolution Bandwidth and windowing parameters.

Traces (see page 68) Sets Trace display parameters.

Traces (Math) (see page 71) Sets the traces used to create the Math trace.

Scale Tab (see page 52) Sets vertical and horizontal scale and position parameters.

Prefs Tab (see page 74) Specifies whether or not certain display elements are shown.
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General Signal Viewing Scale Tab

Scale Tab

The Scale tab allows you to change the vertical and horizontal scale settings. Changing the scale settings
changes how the trace appears on the display but does not change control settings such as Measurement
Frequency. In effect, these controls operate like pan and zoom controls.

| Freq & Spanl B ITraces| Scale |Prefs |

Wertical Harizortal
Srale; 100,00 dB Scale: 90,0 MHz
Pasition: 0,00 dBEm Reset Scale Position;  1,9000 GHz
| autoscale | [F] Log  Autoscale
Setting Description
Vertical
Scale Changes the vertical scale.
Position Vertical Position adjusts the top of graph amplitude value. This control allows you to
move (“pan”) the traces up and down in the graph without changing the Reference Level.
Autoscale Resets the Offset so that the trace appears below the top of the graph.
Horizontal
Scale Allows you to change the range of frequencies shown in the graph without changing the
span or measurement frequency.
Position Allows you pan the graph.
Autoscale Resets Scale to the Span setting.
Reset Scale Resets all settings to their default values.
Log scale Resets the display to show the frequency axis in a logarithmic scale.

Spectrogram Display

52

The Spectrogram is a display with the vertical axis (time) composed of successive spectral displays, each
having the amplitude represented by color or intensity. The horizontal axis represents frequency. The most
recently acquired spectrum results are added to the bottom of the spectrogram. The addition of a new
spectrum can occur at the fastest rate that new spectra can be plotted, or, if you choose, new spectra can be
added at a timed rate. The spectrogram view is well-suited to displaying long-term trends of spectral data.
The maximum number of lines that can be displayed in a spectrogram is 125,000.

The spectrogram can also be displayed in a 3-D waterfall format. In the 3-D waterfall format, the
spectrogram displays the time axis along a simulated Z-axis.

NOTE.
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General Signal Viewing Spectrogram Display

To display a Spectrogram:

1.
2.

noos

Select the Displays button or select Setup > Displays. This displays the Select Displays dialog box.
From the Measurements box, select General Signal Viewing.

Double-click the Spectrogram icon in the Available Displays box. This adds the Spectrogram icon
to the Selected displays box.

Click the OK button. This displays the spectrogram view.

To display a 3-D version of the spectrogram, select the 3-D checkbox.

Elements of the Spectrogram Display

Bl |Fie ve| R Reps| Malvs setwp Toos window| rely 8 x
[os|s) Lﬂlﬂj Settings]\ ac (] @ Frea: 1.4Imm «\11 © Reflev: 0.00 dBm

‘O\'EIED: 90 %
Time/div:

+Peak

@

o CF: 244700 Gz . _.
6 6 0070_016

[osfvs ) [ o RefLev: 0530 dBm  [Ampol](@ Replsy J[ Run
O Ooemmsn p—‘
© Tme/div: a
72.0us b |
o RaW:
250 kHz
0 vew:

© Span: 10.00 MKz
8.

ers |[Settings [ Trig 3] o Freq: Z.MSBDGH/
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Spectrogram Display

Item Display element Description

1 Check mark indicator The check mark indicator in the upper, left-hand corner of the display shows
when the Spectrogram display is the optimized display.

NOTE. When Best for multiple windows is selected in the Amplitude control
panel's RF & IF Optimization control, none of the measurement displays
shows a checkmark, as there is not a single optimized measurement.

2 Time/div Sets the length of time represented by each vertical division. Divisions are
indicated by tick marks along the left edge of the graph.

3 RBW Sets the resolution bandwidth. Note that when the RBW s set to Auto, its
value is italicized.

4 VBW Enables the VBW (Video Bandwidth) filter. See Setup > Settings > BW Tab
(see page 71).

3-D checkbox Enables and disables the 3-D view.

Selected records indicators Shows the positions of the start and stop records selected on the Select data
records tab. Drag the indicators to select which records will be played by
Replay All. Note that these are not visible while acquisitions are running; the
instrument must be stopped for the indicators to be visible.

7 T Trigger indicator. This icon indicates the trigger point within the current
acquisition.

8 Pos Position indicates the bottom line visible in graph. Changing this setting
scrolls the window up and down through the displayed acquisition records.

9 Autoscale Resets Vertical and Horizontal scale and Pos to default values.

10 CF Sets the Center Frequency.

11 Span Sets the span of the spectrogram display.

12 Current data record indicator A blue line indicates the current data record. When the analysis length is
short, the blue line appears as a thin line much like the selected indicator
line. When the analysis length is relatively long, the blue line appears more
like a blue bar.

13 Position scroll bar Changes the position of the trace in the window. Changing the position scroll
bar is the same as adjusting the Pos setting.

14 Selected indicator This inverse-colored line indicates the Spectrogram line that will appear in
the Spectrum display when the Spectrogram trace is enabled. This line is
attached to the selected marker.

15 Clear Clears the spectrogram display; however, data records in acquisition history
remain in memory and are available for replay. To clear memory, select File >
Acquisition Data Info > Delete All Data.

16 Marker indicators These icons indicate the position of markers in the spectrogram. You can
move markers by dragging the desired marker indicator.

17 Detection setting Displays the selected Detection method (see Settings > Trace (see page 56)

tab).

54
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Item Display element

Spectrogram Settings

Description

18 Marker readout

Marker readout for the selected marker. In the Spectrogram display, the
marker readout includes a date and timestamp. The time is displayed
in a 24-hour format. The timestamp readout can be shown or hidden
independently of the other marker readouts (see Settings > Prefs (see

page 74)).

19 Time Scale status readout Three readouts can appear here depending on settings: Time/update,

Spectrums/ling, and Overlap. See Time Scale Status Readout (see page 55).

Time Scale Status Readout

Three types of readouts can appear in the display depending on settings:

B Time/update — Displays minutes:seconds when Spectrum Monitor is selected in the Settings > Time
& Freq Scale tab in the Vertical (Time) section.

B Spectrums/line — Displays an integer number when vertical scale is Normal and each line contains the

results from one or more

frequency transforms (whether zoomed out or not).

m  Overlap — Displays the overlap percentage when vertical scale is Normal and each line's transform
shares some points with the transforms of lines before and after it (zoomed in). Overlap can only be
done when the Analysis Length > 2x RBW frame length.

The Spectrogram can show results from one or multiple acquisitions and it can show one or multiple

lines for each acquisition.

Changing the Spectrogram Display Settings (see page 55)

Spectrogram Settings

Menu Bar: Setup > Settings

Application Toolbar: &b

The Setup settings for the Spectrogram display are visible when Spectrogram is the selected display.

Settings tab Description
Freq & Span (see page 67) Sets frequency and span parameters for the Spectrogram display.
BW (see page 71 Sets Resolution Bandwidth and windowing parameters.

Trace (see page 56)

Sets Trace display parameters.

Amplitude Scale (see page 57)

Selects between 2-D and 3-D, sets height scale, position and orientation for 3-D display.
Sets color parameters for the spectrogram trace.

Time & Freq Scale (see

Sets the vertical and horizontal scale parameters for the spectrogram trace. The

page 57) Spectrum Monitor controls are also on this tab.
Prefs (see page 74) Specifies whether or not certain display elements are shown.
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Trace Tab

The Spectrogram Trace tab controls let you specify the Detection method, save traces, and recall saved
traces for display. The Spectrogram Trace tab does not have all the controls that other Trace tabs contain,
however, it does have a unique display element, the Selected Line readout. For details on Detection,
Freeze, and saving and recalling traces, see the Traces Tab (see page 68).

| Freg & Spanl By | Trace |Amplitude Scale | Time & Freq Scalel Prefs |

Selected Line:
£/30/2006 B

Selected Line

Displays the time at the Selected Line. If Markers are enabled, the selected line is positioned by the
selected marker. If no markers are enabled, the selected line is the first line in the current analysis period.
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Amplitude Scale Tab

The Amplitude Scale tab allows you to change the vertical and horizontal scale settings, enable the 3-D
Waterfall display, and set the color scheme used for the spectrogram trace.

| Freg & Span| Bw | Trace | Ampitude Scale | Time & Freq Scale | Profs |

Height (3-D only) Color (Poweer)
Scale: 100,00 dB 30 waterfal Colar: | Ternperature -
Position:  -5.00 dEm biodtheast = Max; 0.00 dBm —

Autoscale Reset Scale Mir:  -100.00 dBrn .

Setting Description
Height (3-D only)
Scale Changes the vertical scale for trace Amplitude in the graph (not the vertical scale for
Time).
Position Specifies the level displayed at the bottom edge of the graph. (Bottom front edge in
the 3-D view).
Autoscale Adjusts the vertical position and scale of the trace lines to bring them into the visible
portion of the graph.
3-D Waterfall Displays the spectrogram in a 3-D format.
Northeast Shifts the perspective of the 3-D graph so that the oldest traces move back and to the
right.
Northwest Shifts the perspective of the 3-D graph so that the oldest traces move back and to the left.
Reset Scale Resets the Height and Color settings to their default values.
Color (Power)
Color Displays a drop-down list that allows you to set the color scheme used for the
spectrogram frace.
Max Sets the maximum power level represented by the top of the color scale.
Min Sets the minimum power level represented by the bottom of the color scale.

Time & Freq Scale Tab

The Time and Freq Scale tab allows you to change the vertical and horizontal scale settings, enable the 3-D
Waterfall display, and set the color scheme used for the spectrogram trace.
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Time & Freq Scale Tab

| Freq & Span| Bw | Trace | Amplitude Scale | Time & Freq Scale | prefs |

Yertical (Tirme)
@ Mormal

Crverlap, 94 %

Timefdiv:  72.0 us Scale:  10.00 MHz
Visible elapsed kime:  396.7 us

Hotizontal (Frequency)

] Position: 12,3 div Position:  2.44530 GHz
- Spectrum Manitar Tirne ak position: 1,261 ms
om 1s Reset Scale I I Autoscale Autoscale
Setting Description
Vertical (Time)
Normal For most Spectrogram applications. Primary time scale control is Time/div. Time scale

can be zoomed in or out.

Spectrum Monitor

For long-term signal monitoring applications. In spectrum monitor mode, each line in the
spectrogram represents the period of time specified by the Time/update parameter. Time
scale can be zoomed out, but not zoomed in (no overlap).

Time/update Sets the time, in minutes and seconds, represented by each line of the spectrogram.
Only available in Spectrum Monitor.

Reset Scale Resets the Time/div and Pos settings to their default values.

Autoscale Scales the vertical (time) axis to compress all existing trace lines into the visible area
of the graph. Resets the Position value to zero, placing the most recent spectrogram
line at the bottom of the spectrogram display. Only Position is affected by Autoscale
when Spectrum Monitor is selected.

Time/div Sets the time displayed per division.

Visible elapsed time

Displays the length of time visible in the display. This does not represent the total time
available to view.

Position

Adjusts vertical position of the trace within the graph area. Setting represents the offset,
in divisions, between the bottom of the graph and the bottom (most recent) line in the
results trace.

Time at position

Displays the time of the spectrogram line shown at the bottom of the graph. This time is
relative to the Time Zero Reference of the current acquisition.

Horizontal (Frequency)

Scale Sets the frequency range of the graph without changing the Span value.

Position Sets the frequency displayed at the center of the graph. Changing this value does not
change the Freq setting.

Autoscale Sets the frequency scale to the Spectrogram Span value.

Spectrum Monitor

Spectrum Monitor performs long term monitoring. The monitor mode compresses time into each line

of the spectrogram, which enables you to monitor long periods of time (from 1 second per line up to
600 minutes per line). With extended memory (Option 53) installed in the instrument, you can capture up
to 125,000 lines. With standard memory installed in the instrument, the maximum number of lines you

can capture is 31,250.

During each line's collection period, spectrum transforms are computed for each acquisition taken by the
instrument. As each transform completes, it is incorporated into the current spectrogram line. How each
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line of the spectrogram is created in spectrum monitor mode depends on the detection setting (Settings >
Trace). For example, if Detection is set to +Peak, each spectrogram line is effectively a peak hold display
of all the spectral data captured since the prior line.

Amplitude Vs Time Display

The Amplitude vs. Time display plots the signal amplitude against time. The amplitude appears on the
vertical axis while time is plotted along the horizontal axis.

Note that the trace(s) in the Amplitude vs. Time display can be set to a maximum of 100,000 points
(however, the actual number of trace points can extend up to 1,000,000 points if Max trace points is set
to Never Decimate). If the Analysis Length includes more than the selected Max trace points value, the
trace is decimated (using the method specified with the Detection control) to be equal to or less than the
Max trace points setting (except when Max trace points is set to Never Decimate). This decimated (or
undecimated) trace is what is used for marker measurements and for results export. You can set the Max
trace points on the Settings > Prefs tab.

To show Amplitude vs. Time display:
1. Press the Displays button or select Setup > Displays.
2. In the Select Displays dialog, select General Signal Viewing in the Measurements box.

3. Inthe Available displays box, double-click the Amplitude vs. Time icon or select the icon and click
Add. The Amplitude vs. Time icon will appear in the Selected displays box and will no longer
appear under Available displays.

4. Click OK.

Elements of the Display

¥  Trace 1 v|Show +Peak Normal ‘ Cleari @
o dB/div: 0.0 -
10.0 dB
& Span: -20.0 -
40.00 MHz

%
@ IAutoscaIe ‘ -100.0 -
RMS: -51.84dBm < Position: -200.000 ns o Scale: 2.020 us

Max: | -44.23 dBm @| 520.0ns Min: -72.81dBm @ 0.0000s

@ ©® ®

1023-006
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Amplitude Vs Time Settings

Item Display element Description
1 Vertical scale adjustment Adjusts the vertical scaling.
2 Span Adjust the bandwidth of the data to be analyzed. (Not the period of time
shown in the display.)
3 Autoscale Adjusts the vertical and horizontal settings to provide the best display.
Offset Adjust the horizontal offset.
5 Max and Min readouts Displays the maximum and minimum amplitudes, as well as when those
values occur.
Scale Sets the time spanned by the graph.

Clear button

Restarts multi-trace functions (Avg, Hold).

Trace function

Displays the current trace function setting (Settings > Trace tab > Function).

Reference. Changing Amplitude vs Time Display Settings (see page 60)

Amplitude Vs Time Settings

Menu Bar: Setup > Settings

Application Toolbar: &

The settings for the Amplitude vs. Time display are shown in the following table.

Settings tab Description

Freq & BW (see page 60) Sets the Bandwidth Method used for setting the measurement bandwidth.
Traces (see page 68) Allows you to select the type of trace to display and their functions.
Traces (Math) (see page 71) Sets the traces used to create the Math trace.

Scale (see page 73) Sets the vertical and horizontal scale parameters.

Prefs (see page 74) Specifies whether certain display elements are visible.

Freq & BW Tab

The Freq & BW (Bandwidth) tab allows you to specify the bandwidth parameters used for setting
measurement bandwidth. This determines what Acq BW the measurement will request.

Settings
Description

Frequency Vs Time Display

The Frequency vs. Time Display shows how the signal frequency varies with time.
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Note that the trace(s) in the Frequency vs. Time display can be set to a maximum of 100,000 points
(however, the actual number of trace points can extend up to 1,000,000 points if Max trace points is set
to Never Decimate). If the Analysis Length includes more than the selected Max trace points value, the
trace is decimated (using the method specified with the Detection control) to be equal to or less than the
Max trace points setting (except when Max trace points is set to Never Decimate). This decimated (or
undecimated) trace is what is used for marker measurements and for results export. You can set the Max
trace points on the Settings > Prefs tab.

To display the Frequency vs. Time Display:
1. Select the Displays button or Setup > Displays.
2. In the Select Displays dialog, select General Signal Viewing in the Measurements box.

3. Inthe Available displays box, double-click the Frequency vs. Time icon or select the icon and click
Add. The Frequency vs. Time icon will appear in the Selected displays box and will no longer
appear under Available displays.

4. Click OK to display the Freq vs. Time display.

Elements of the Display

‘ ‘J +Peak Normal Clear ‘
© 5,00 MHz

© Position:
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RSAS5100A Series Printable Help 61



General Signal Viewing Frequency Vs Time Settings

Item Display element Description
1 Top of graph adjustment Use the knob to adjust the frequency range displayed on the vertical axis.
2 Offset adjustment Adjusts the frequency shown at the center of the display.
3 Autoscale button Adjusts the offset and range for both vertical and horizontal to provide the
best display.
4 Maximum and Minimum Displays the maximum and minimum values, as well as when those values
frequency readouts occeur.
Horizontal Scale Sets the time spanned by the graph.
Clear button Restarts Average trace.
Trace function Displays the current trace function setting (Settings > Trace > Function).

Changing Frequency vs Time Display Settings (see page 62)

Frequency Vs Time Settings

Menu Bar: Setup > Settings

Application Toolbar: &t

The Setup settings for Frequency vs. Time are shown in the following table.

Settings tab Description

Freq & BW (see page 66) Sets the frequency and bandwidth parameters.

Trace (see page 68) Sets the trace display parameters.

Scale (see page 73) Sets the Veertical and Horizontal scale and offset parameters.
Prefs (see page 74) Specifies whether certain display elements are visible.

Phase Vs Time Display

62

The Phase vs. Time display plots the signal phase against time. The phase appears on the vertical axis
while time is plotted along the horizontal axis.

Note that the trace(s) in the Phase vs. Time display can be set to a maximum of 100,000 points (however,
the actual number of trace points can extend up to 1,000,000 points if Max trace points is set to Never
Decimate). If the Analysis Length includes more than the selected Max trace points value, the trace is
decimated (using the method specified with the Detection control) to be equal to or less than the Max trace
points setting (except when Max trace points is set to Never Decimate). This decimated (or undecimated)
trace is what is used for marker measurements and for results export. You can set the Max trace points

on the Settings > Prefs tab.

To display Phase vs. Time:
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1. Press the Displays button or select Setup > Displays.
2. In the Select Displays dialog, select General Signal Viewing in the Measurements box.

3. In the Available displays box, double-click the Phase vs. Time icon or select the icon and click
Add. The Phase vs. Time icon will appear in the Selected displays box and will no longer appear
under Available displays.

4. Click OK to show the Phase vs. Time display.

Elements of the Display

|J +Peak Normal [cizar & ‘
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Item Display element Description
1 Top of graph adjustment Adjusts the vertical scale. Use the knob to adjust the value of the top of the
graph.
Vertical offset adjustment Adjusts the phase error shown at the vertical center of the display.
Autoscale button Adjusts the vertical and horizontal settings so that the entire trace fits in the
view.
Horizontal Offset Adjusts the horizontal position of the trace.
5 Max and Min readouts Displays the maximum and minimum value of the phase error within the
analysis times and the times at which they occurred.
Horizontal Scale Sets the time spanned by the graph.
Clear button Restarts multi-trace functions (Avg, Hold).
8 Trace function Shows the trace function as set on the Settings > Trace tab.
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Changing the Phase vs Time Display Settings (see page 64)

Phase Vs Time Settings

Menu Bar: Setup > Settings

Application Toolbar: &

The settings for the Phase vs. Time display are shown in the following table.

Settings tab Description

Freq & BW (see page 66) Sets the frequency and bandwidth parameters.

Trace (see page 68) Sets the trace display parameters.

Scale (see page 73) Sets the Vertical and Horizontal scale and offset parameters.
Prefs (see page 74) Specifies whether certain display elements are visible.

RF |1 & Q vs Time Display

This is a plot of the baseband In-Phase (I) and Quadrature (Q) components of a modulated carrier. The plot
is in the time domain, with I and/or Q values the Y-axis.

Note that the trace(s) in the RF I & Q vs. Time display can be set to a maximum of 100,000 points
(however, the actual number of trace points can extend up to 1,000,000 points if Max trace points is set
to Never Decimate). If the Analysis Length includes more than the selected Max trace points value, the
trace is decimated (using the method specified with the Detection control) to be equal to or less than the
Max trace points setting (except when Max trace points is set to Never Decimate). This decimated (or
undecimated) trace is what is used for marker measurements and for results export. You can set the Max
trace points on the Settings > Prefs tab.

To display an RF I & Q vs. Time display:
1. Select the Displays button or select Setup > Displays. This shows the Select Displays dialog box.
2. From the Measurements box, select General Signal Viewing.

3. Double-click the RF 1&Q vs. Time icon in the Available Displays box. This adds the RF I & Q vs.
Time icon to the Selected displays box.

4. Click the OK button.
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Elements of the Display

® ®

RF I & Q vs Time Settings
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Item Display element Description

1 Top of Graph adjustment Use the knob to adjust the vertical scaling.

2 Vertical offset adjustment Adjusts the level shown at the center of the display.

3 Autoscale button Adjusts the offset and scale for both vertical and horizontal to provide the

best display.

4 Maximum and Minimum level Displays the maximum and minimum values, within the Analysis Time, as well
readouts as the times at which they occurred.

5 Scale Sets the time spanned by the graph.

Clear button

Restarts multi-trace functions (Avg, Hold).

Trace function

Displays the current trace function setting (Settings > Trace > Function). If the
traces are averaged, the number of averages is displayed.

8 Trace Control

Selects which trace is displayed (using the drop-down list) and which trace is
active (click on the trace name to display a menu).

Changing the RF I & Q vs Time Display Settings (see page 65)

RF | & Q vs Time Settings

Menu Bar: Setup > Settings

Application Toolbar: &

The Setup settings for RF 1&Q vs. Time are shown in the following table.
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Settings tab

General Signal Viewing Shared Measurement Settings

Description

Freq & BW (see page 66)

Sets the frequency and bandwidth parameters.

Trace (see page 68)

Sets the trace display parameters.

Scale (see page 73)

Sets the Vertical and Horizontal scale and offset parameters.

Prefs (see page 74)

Specifies whether certain display elements are visible.

General Signal Viewing Shared Measurement Settings

The control panel tabs in this section are identical or very similar for each of the displays in the General
Signal Viewing folder (Setup > Displays). Some tabs are shared by all the displays, some tabs are shared

by only a couple of displays.

For some tabs, the control values are shared across all the General Signal Viewing displays. For other
control values, each display has unique values for the controls. Details are provided for the specific tabs.

Common controls for general signal viewing displays

Settings tab

Description

Freg & Span (see page 67)

Sets the frequency and span parameters.

Trace (see page 68)

Sets the trace display parameters.

Traces — Math (see page 71)

Sets the traces used to create the Math trace.

BW (see page 71 Sets the Bandwidth Method used for setting the measurement bandwidth.
Scale (see page 73) Sets the Vertical and Horizontal scale and offset parameters.
Prefs (see page 74) Specifies whether certain display elements are visible.

Freq & BW Tab — Freq vsTime, Phase vs Time, RF | & Q vs Time Display

66

The Freq & BW tab provides access to settings that control frequency settings for the Freq vs Time, Phase
vs Time, RF I & Q vs Time display.

Freq & BW | Traces |Scale IPrefs

Measurernent BYW, no filker; 500 MHz [ Link to Span
Measurernent Freq: = i
1.000 GHz et D max
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Setting

Freq & Span Tab

Description

Measurement Freq

The frequency at the which measurements are made. This value is the same as the
setting for Frequency in the Application bar.

Measurement BW

This control limits the bandwidth of measurements. You use the measurement bandwidth
setting to improve the signal-to-noise ratio of the measurement, resulting in lower
measurement uncertainty. However, if the measurement bandwidth is set too low,
resulting in fewer samples per second, it can reduce the number of points within the
measurement length below the 256 stable samples required, thus causing the analysis
to fail.

Link to Span When enabled, the measurement bandwidth of the RF | & Q display is determined by
the span of the analyzer. When unchecked, the measurement bandwidth is specified by
the user, and no additional filter is applied.

Set to max BW Sets the measurement bandwidth to the maximum acquisition bandwidth of the

instrument.

Freq & Span Tab

The Freq & Span tab provides access to settings that control frequency settings for the trace display. The
control values set in this tab are shared by all the General Signal Viewing displays.

Setting Description

Center The frequency at the center of the selected Span.

Start The lowest frequency in the span.

Stop The highest frequency in the span.

Step Size Sets the increment/decrement size for Center, Start and Stop values.

Span The difference between the start and stop frequencies. This is the measurement
bandwidth for the general signal viewing displays.

Max Span Sets the Span to the maximum value.

Center, Start, Stop, and Span Frequencies Are Correlated

Changing the values for Center frequency, Start frequency, Stop frequency or Span will change the values
for the other settings, depending on which setting you change. For example, if you change the Center
frequency, the Start and Stop frequencies will be adjusted automatically to maintain the same Span.

Note however that if the Start and Stop frequencies are changed so that they are closer than the minimum
span setting, the Start and Stop frequencies will be adjusted to maintain the minimum Span setting.

Setting Changed Manually

Settings Changed Automatically As Setting Not Automatically Changed

a Result
Start Center, Span Stop
Stop Center, Span Start
Center Start, Stop Span
Span Start, Stop Center
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Traces Tab

The Traces Tab allows you to set the display characteristics of displayed traces.

| Freq & Span| Bw | Traces |scale | profs |

Trace: |Trace 1 - [¥] shany [ClFreeze Save Trace As...
Detection:  |+Peak hd

Function: I'\Jormaliv D

Setting Description

Trace Selects a trace. (This setting is not present for every display.)

Show Shows / hides the selected trace.

Function Selects the trace processing method. Available settings are: Normal, Average, Max
Hold, and Min Hold.

Count Sets the number of traces averaged to generate the displayed trace. (Present only when
Function is set to Average, Min Hold, or Max Hold.)

Freeze Halts updates to the selected trace.

Save Trace As Saves the selected trace to a file for later recall and analysis.

Show Recalled trace Displays a saved trace instead of a live trace.

Trace

Available traces for Spectrum are: Trace 1, Trace 2, Trace 3, Math, and Spectrogram. Other displays
support fewer traces. Traces 1-3 are based on the input signal and enable you to display the input signal
using different processing. For example, you could display Trace 1 with Function set to Normal, Trace 2
with Function set to Max Hold and Trace 3 with Function set to Min Hold.

The Math trace is the result of subtracting one trace from another.

The Spectrogram trace applies only to the Spectrum display and is available only if the Spectrogram
display is shown. The Spectrogram trace shows the trace selected in the Spectrogram as a spectrum trace.

Detection

Trace Detection is used to reduce the results of a measurement to the desired number of trace points. For
example, if the maximum number of trace points is 100,000, and a measurement over the selected analysis
length yields 200,000 points, the measurement must decimate these 200,000 trace points by 2 to prevent
exceeding the 100,000 trace point limit. Since only one value can be represented for each trace point, an
algorithm must be used to select (detect) the appropriate value to use.

The results array from an analysis can be detected (or “decimated”) in a variety of ways. The number
of results points produced for each trace point varies with both analysis length and trace length. For
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example, the frequency transform used for the Spectrum display produces just one output value for each
desired trace point. In this case, the detection method chosen has no effect, as no decimation is required.
Increasing the Analysis Length (or for the Spectrum display, the Spectrum Length), causes the available
detection method's output traces to differ from each other because they have a larger set of samples for the
various detection methods to process.

The available detection methods (depending on the display) are:
B +Peak — The highest value is selected from the results to be compressed into a trace point.
B -Peak — The lowest value is selected from the results to be compressed into a trace point.

B +/-Peak — Both the highest and lowest values are selected from the results to be compressed into a
trace point.

B Avg (VRMS) [Average Vrus] — Each point on the trace is the result of determining the RMS Voltage
value for all of the results values it includes. When displayed in either linear (Volts, Watts) or Log (dB,
dBm), the correct RMS value results.

B Avg (of logs) — The detector is used to emulate legacy spectrum analyzer results and for the
specification of displayed average noise level. In older swept analyzers, a voltage envelope detector is
used in the process of measuring signal level, and the result is then converted to Watts and then to
dBm. Averaging is then applied to the resultant traces.

For CW signals, this method results in an accurate power measurement. However, with random noise
and digitally modulated carriers, errors result from this 'average of logs' method. For random noise,
the average of logs methods results in power levels -2.51 dB lower than that measured with a power
meter, or with a signal analyzer that measures the rms value of a signal, and performs averaging on the
calculated power in Watts and not dBm or other log-power units.

This detector should be used when following a measurement procedure that specifies it, or when
checking the Displayed Averaged Noise Level (DANL) of the instrument. The 'average of logs'
detection and trace function is used for DANL specification to provide similar results to other
spectrum/signal analyzers for comparison purposes. Use of the Average of Logs method of
measurement is not recommended for digitally modulated carriers, as power measurement errors
will occur.

NOTE. The Detection setting does not affect the trace until the spectrum length is longer than the Auto
setting.

®  Sample — The first value is selected from the set of results to be compressed into a trace point.

®  CISPR Peak — The trace value is calculated by the methods described for peak detectors in the
CISPR documents.

Trace Processing

Traces can be processed to display in different ways. The Function setting controls trace processing.
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B Normal - Each new trace is displayed and then replaced by the next trace. Each data point contains a
single vertical value.

B Average - Multiple traces are averaged together to generate the displayed trace, which will contain just
one vertical value for each underlying frequency data point. Once the specified number of traces have
been acquired and averaged to generate the displayed trace, additional traces contribute to the running
average, except in Single Sequence run mode. In the case of Single Sequence, the instrument stops
running after the specified number of traces have been averaged together. The Number of Traces
setting specifies how many traces are averaged. The averaging is performed on the linear (Voltage)
values, resulting in the correct RMS average).

®  Max Hold - Displays the maximum value in the trace record for each display point. Each new trace's
display point is compared to the previous maximum value and the greater value is retained for display
and subsequent comparisons.

®  Min Hold - Displays the minimum value in the trace record for each display point. Each new trace's
display point is compared to the previous minimum value and the lesser value is retained for display
and subsequent comparisons.

Saving Traces

To save a trace for later analysis:

1. Select the Save Trace As button. This displays the Save As dialog box.
2. Navigate to the desired folder or use the default.

3. Type a name for the saved trace and click Save.

Recalling Traces

You can recall a previously saved trace for analysis or comparison to a live trace.

To select a trace for recall:

1. Select the trace into which the recalled trace will be loaded, from the Trace drop-down list.
2. Check the Show check box.

3. Click the ... button to display the Open dialog box.

.

4. Navigate to the desired file and click Open.
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5. Check the Show Recalled Trace check box.

6. Verify that the trace's Show check box is selected (either on this tab or next to the drop-down list
located at the top-left corner of the graph).

Traces Tab - Math Trace

This tab is not a distinct tab, it is just how the Traces tab appears when Math is selected in the Traces
drop-down list.

| Freg & Span | Bw | Traces |scale | Prefs |

Trace: |Math - [¥] showe [CIFrecze Save Trace As..,

Trace2 ¥| minus | Tracel - D

Trace 4 is a mathematically-derived trace defined as Trace A minus Trace B. You can select Trace 1, 2, or
3 to serve as either Trace A or Trace B.

Setting Description

Trace When set to Trace 4 (Math), this tab is displayed.

Show Shows / hides the selected trace.

Freeze Halts updates to the selected trace.

Save Trace As Saves the selected trace to a file for later recall and analysis.
Trace minus Trace Selects which traces serve as Trace A and Trace B.

BW Tab

The BW (bandwidth) tab allows you to change Resolution Bandwidth and Video Bandwidth settings,
and set the windowing method used by the transform process by selecting a filter shape (not present
for all displays).
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BW Tab

Setting Description

RBW Sets the Resolution Bandwidth value to be used in the spectrum analysis view. The
value is italicized when Auto is selected.

Auto When Auto is checked, the RBW is calculated as a percentage of the Span. Kaiser is
selected as the windowing method. When Auto is unchecked, the RBW is set by the user.
Selecting any Window other than Kaiser changes the RBW setting to manual.

Span/RBW ratio If Auto is checked, this value is used to calculate the RBW. If Auto is unchecked, this
setting is not selectable.

Filter Shape Specifies the windowing method used for the transform (when Auto is unchecked).
(Spectrum and Spectrogram displays only.)

VBW Adjusts the VBW (Video Bandwidth) value. (Spectrum and Spectrogram displays only.)

Filter Shape Settings

In the analyzer, computationally efficient discrete Fourier transform algorithms such as FFT (Fast Fourier
Transform) or CZT (Chirp-Z Transform) are generally employed to transform time-domain signals into
frequency-domain spectra. There is an assumption inherent in the mathematics of Discrete Fourier
Transforms that the data to be processed is a single period of a periodically repeating signal. The
discontinuities between successive frames will generally occur when the periodic extension is made to the
signal. These artificial discontinuities generate spurious responses not present in the original signal, which
can make it impossible to detect small signals in the presence of nearby large ones. This phenomenon is

called spectral leakage.

Applying a filter, such as Kaiser, to the signal to be transformed is an effective method to combat the
spectral leakage problem. Generally the filter has a bell shape. Multiplying the transform frame by the
filter function eliminates or reduces the discontinuities at the ends of the frame, however, at the expense of

increased RBW.

Filter Shape Characteristics

The choice of filter shape depends on its frequency response characteristics such as side-lobe level,
equivalent noise bandwidth and maximum amplitude error. Use the following guidelines to select the

best filter shape.

Filter Shape

Characteristics

Kaiser (RBW)

Best side-lobe level, shape factor closest to the traditional Gaussian RBW.

-6dB RBW (MIL)

These filters are specified for bandwidth at their -6 dB point, as required by military
EMI regulations.

CISPR

These filters comply with the requirements specified in the P-CISPR 16 -1-1 document
for EMI measurements.

Blackman-Harris 4B

Good side-lobe level.

Uniform (None)

Best frequency resolution, poor side-lobe level and amplitude accuracy.

Flat-Top Best amplitude accuracy, best representation of brief events captured near the beginning
or end of the time-domain data frame, poor frequency resolution.
Hanning Good frequency resolution, high side-lobe roll-off rate.
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VBW

The VBW setting enables/disables the Video Bandwidth filter. VBW is used in traditional swept analyzers
to reduce the effect of noise on the displayed signal. The VBW algorithm in the analyzer emulates the
VBW filters of traditional swept analyzers.

The maximum VBW value is the current RBW setting. The minimum VBW value is 1/10,000 of the RBW
setting. VBW is disabled when the Filter shape is set to CISPR.

Scale Tab

The Scale tab allows you to change the vertical and horizontal scale settings. Changing the scale settings
changes how the trace appears on the display but does not change control settings such as Measurement
Frequency. In effect, these controls operate like pan and zoom controls.

The Scale tab values are unique to each display. Also, note that each display uses horizontal and vertical
units that are appropriate for the display. For example, for the Spectrum display uses power (dBm) units
and frequency (Hz) units; the Amplitude vs. Time display uses power (dBm) and time (seconds) units; and
the Phase vs. Time display uses phase (degrees) and time (seconds) units.

| Freq & Spanl B | Traces | Scale |F‘refs |

Wertical Horizontal
Scaler  100.00 dB Zoom Start:  1.857 GHz
Position:  0.00 dBm M Zoom Stop: 1,942 GHz
| sutoscdle | Mlog [ actoscale
Setting Description
Vertical Controls the vertical position and scale of the trace display.
Scale Changes the vertical scale.
Offset Vertical Offset adjusts the reference level away from top of the graph.
Autoscale Resets the scale of the vertical axis to contain the complete trace.
Horizontal Controls the span of the trace display and position of the trace.
Zoom Start Sets the starting frequency for ...
Zoom Stop Sets the stop frequency for ...
Log Resets the scale of the horizontal axis to contain the complete trace.
Reset Scale Resets all settings to their default values.
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Prefs Tab

74

The Prefs tab enables you to change parameters of the measurement display. The parameters available on
the Prefs tab vary depending on the selected display, but include such items as enabling/disabling Marker
Readout, switching the Graticule display on/off, and Marker Noise mode.

Each of the General Signal Viewing displays maintains its own separate values for the controls that appear
on the Prefs tab. Some parameters appear with most displays while others appear with only one display.

For example, in the following image, the Show Marker readout in graph check box appears in the Prefs tab
for every display. However, the Show Power Trigger level check box only appears on the Amplitude vs
Time Prefs tab.

| Freg & Spanl BwW ITraces I Scale | Prefs |

show: [Start, Stop ~ Trace paints: M

[V Shiovwy graticule [V]Shiowy Marker readout in graph (selected marker)

Marker Moise mode (Requires dBm ampl units and
[ show trace legend Dﬂ\\rerage trace detect)

The following image shows the Prefs tab for the Time Overview display.

Scale |Tr¢|ce Prefs

[T Mavigator View Max trace points: | 100K -
Show graticule Show Marker readout in graph (selected marker)

[] Show trace legend

The following table explains the controls that can appear on the Prefs tab.
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Setting

Prefs Tab

Description

Show:

Selects the horizontal settings that appear below the graph area. You can choose Start,
Stop or Center, Span.

Trace points

Sets the number of trace points used for marker measurements and for results export.

Max trace points
(Time Overview Display only)

Sets the maximum number of trace points used for marker measurements and for
results export.

Show trace legend

Enables display of a legend in the measurements area that shows the Detection method
and Function setting for displayed traces. The color of the legend text matches the color
of the associated trace.

Show graticule

Select to display or hide the graticule.

Navigator View
(Time Overview Display only)

Places the Time Overview display across the top of the application window, above all
other active displays.

Show Parameter Readouts

For the DPX display, enables/disables the display of DPX parameters. The parameters
readout shows 100% Probability of Intercept, Transforms/s, and FFT Points.

Show Marker readout in graph
(selected marker)

Shows or hides the readout for the selected marker in the graph area.

Show timestamp in graph
(selected line)

For spectrogram displays, this readout shows or hides the timestamp associated with the
selected line or marker position.

Show Power Trigger Level

Displays or hides a green line in the graph that indicates the level at which the power
trigger is set. The line is not displayed if Trigger is set to Free Run.

Marker Noise mode

Select to enable or disable the Marker Noise mode. Use this mode to measure noise on
the trace. See Using Noise Markers in the Spectrum Display (see page 461).
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Analog Modulation Overview

Overview

The displays in Analog Modulation (Displays > Measurements > Analog Modulation) are:

AM
M
PM

The Analog Modulation displays provide measurements and time-domain trace displays.

AM Display

The Amplitude Modulation Display is a graph of Modulation Factor vs Time. The AM display includes
three numeric readouts.

To show the AM display:

1.
2.
3.

=

Select the Displays button or select Setup > Displays. This shows the Select Displays dialog box.
From the Measurements box, select Analog Modulation.

Double-click the AM icon in the Available Displays box. This adds the AM icon to the Selected
displays box.

Click the OK button. This shows the AM display.

Elements of the Display
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Item Element

AM Settings

Description

1 Check mark indicator

The check mark indicator in the upper, left-hand corner of the display shows
when the AM display is the optimized display.

NOTE. When Best for multiple windows is selected in the Amplitude control
panel's RF & IF Optimization control, none of the measurement displays
shows a checkmark, as there is not a single optimized measurement.

2 Top of Graph

Sets the %AM indicated at the top of the graph by increasing or decreasing
the vertical scale. Changing the top value affects the bottom of graph value
because the graph scales about vertical center. Also, note that the top of
graph setting interacts with the internal vertical scale setting (which is not
user settable).

Position

Specifies the %AM shown at the center of the graph display.

Bottom Readout

Displays the value of the modulation factor shown at the bottom of graph.

Measurement readouts

Displays numeric values for the +AM (positive modulation factor), ~AM
(negative modulation factor), and Total AM.

Position Specifies the horizontal position of the trace on the graph display.

7 Scale Adjusts the horizontal range of the graph. By decreasing the scale (time
across the entire graph), the graph essentially becomes a window that you
can move over the trace by adjusting the position.

Clear Erases the trace from the graph.
9 Trace Detection readout Displays the Settings > Trace > Detection setting.

Changing the AM Settings (see page 78)

AM Settings

Menu Bar: Setup > Settings

Application Toolbar: &

The AM Settings control panel provides access to settings that control parameters of the AM Display.

Parameters | Trace | Scale | Prefs

Carrier Armplitude Detection

@ Average

_ Median

Measurement Bw: 10,00 MHz
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Setting Description

Parameters (see page 79) Sets the Carrier Amplitude Detection method. You can choose either Average or Median.
Trace (see page 80) Sets Trace display parameters.

Scale (see page 82) Sets vertical and horizontal scale and position parameters.

Prefs (see page 83) Specifies whether or not certain display elements are shown. Specifies the maximum

number of points shown in the display graph.

Parameters Tab
The Parameters tab enables you to specify two parameters that control the carrier amplitude detection.

Parameters | Trace IScaIe IF‘refs

Carrier Arnplitude Detection
o Average Measurement BW:  10.00 MHz
' Median
Setting Description
Average Selects the Average method for computing the average baseline for measurements.
Median Selects the Median method for computing the average baseline for measurements.
Measurement BW Specifies the bandwidth about the center frequency at which measurements are made.

AM Modulation

An amplitude modulated carrier can be described mathematically by:
X (t) =[A+a(t)] coswot

A, in the above equation, represents the carrier amplitude, a(t) represents the time-varying modulation
and o, represents the carrier frequency.

The signal modulation envelope is given by:
EM(t) :A+a(t)

There are several ways to express the AM modulation depth, expressed as a percentage.

Peak method - ’
AM ModulationDepth = az | A'I' a(t)]
Trough Method i A ’

AM ModulationDepth = = in[A+a(t)

A
Max-Min Method
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Maxr[A+a(t)] — Min[A+a(t)]
2A
In each case, the value of the carrier amplitude, 4, needs to be estimated from the input signal.

AM ModulationDepth =

The instrument represents signals in a sampled form. The sampled envelope can be expressed as a function
of sample index K and sampling period T as:
Ey[KT] = A+ a|KT]

The instrument allows the choice of two methods for estimating the carrier amplitude:

Average Method
A = Average {Ey [KT]}

Median Method
A = Median {Ey [KT|}

In both cases, the instrument computes the average and the median over the analysis period. It should be
noted that the two methods give the same result for sinusoidal modulation where the sampling frequency
is much higher than the modulation frequency.

Trace Tab

80

The Trace Tab allows you to set the display characteristics of a trace.

|F‘arameters| Trace |Scale |F‘refs |

Shiowe [CFreeze Save Trace As..
Detection:  |+Peak h

Function: Normaliv D

Setting Description

Show Shows/hides the trace. If the instrument continues to run, the measurement results below
the graph display continue to update even if the trace is hidden.

Detection Sets the Detection method used for the trace. Available detection methods are +Peak,
-Peak, and Avg (VRMS). Not available for saved traces.

Function Selects the trace processing method. The only available setting is Normal.

Freeze Halts updates to the trace.

Save Trace As Saves the trace to a file for later recall and analysis.

Show recalled trace Displays a saved trace instead of a live trace.
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Detection

Detection refers to the method of processing the data acquisition points when creating a trace. The 1Q
samples in a data acquisition can be detected in a variety of ways. The number of IQ samples available to
each trace point varies with both analysis length and trace length. For example, with Spectrum Length set
to “Auto’ in the Analysis menu, the instrument analyzes just enough samples to produce one 1Q sample
pair per trace point. In this case, the detection method chosen has very little effect, as the +Peak, -Peak,
and Avg (VRMS) are all equal. Changing the Spectrum Length causes the available detection methods to
differ in value because they have a larger set of samples for the various detection methods to process.

The available detection methods are:

B +Peak — Each point on the trace is the result of detecting the positive peak value present in the set of
1Q samples available to that trace point.

®  -Peak — Each point on the trace is the result of detecting the negative peak value present in the set of
1Q samples available to that trace point.

= Avg (VRMS) [Average Vrus] — Each point on the trace is the result of determining the RMS Voltage
value for all of the IQ samples available to the trace point. When displayed in either linear (Volts,
Watts) or Log (dB, dBm), the correct RMS value results. When the averaging function is applied to a
trace, the averaging is performed on the linear (Voltage) values, resulting in the correct average
for RMS values.

Trace Processing

Traces can be processed to display in different ways. The Detection setting controls trace decimation,
when needed. When the trace points each cover more than one sample data point, the vertical results
values for multiple data points are combined into each trace point. Each trace point ends up with a single
vertical value.

B Average - Each trace point is computed by averaging together the multiple results points it represents.
®  +Peak - Each trace point represents the highest vertical value among the results it includes.

B —Peak - Each trace point represents the lowest vertical value among the results it includes.

Saving Traces

To save a trace for later analysis:

1. Select the Save Trace As button. This displays the Save As dialog box.
2. Navigate to the desired folder or use the default.

3. Type a name for the saved trace and click Save.

Recalling Traces
You can recall a previously saved trace for analysis or comparison to a live trace.

To select a trace for recall:
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Eal o

Scale Tab

Scale Tab

Click the ... button to display the Open dialog box.
Navigate to the desired file and click Open.
Check the Show Recalled Trace check box.

Verify that the Show check box is selected.

The Scale tab allows you to change the vertical and horizontal scale settings. Changing the scale settings
changes how the trace appears on the display but does not change control settings such as Measurement
Frequency. In effect, these controls operate like pan and zoom controls.

| Parameters | Trace | Scale |F‘refs |

Wertical

Scale:

1432 %

Horizontal

Scale:  4.600 ms

Position:  -1.00 % Position; 400,000 us
| Autoscale | | Autoscale |
Setting Description
Vertical
Scale Changes the range shown between the top and bottom of the graph.
Position Adjusts the level shown at the center of the graph.
Autoscale Resets the Position so that the entire trace is in the graph.
Horizontal
Scale Changes the range shown between the left and right sides of the graph.
Position Adjusts the position of the acquisition record shown at the left edge of the graph.
Autoscale Resets the Scale and Position settings to provide the optimum display.
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Prefs Tab

The Prefs tab enables you to change appearance characteristics of the AM display.

Parameters | Trace | Scale | Prefs

Max trace points: | 100K M

Prefs Tab

| Showe graticule | Showe Marker readout in graph (selected rarker)
Setting Description
Show graticule Shows or hides the graticule.

Show Marker readout in graph Shows or hides the readout for the selected marker in the graph area.
(selected marker)

Max trace points The trace in the AM display can be set to a maximum of 100,000 points (however, the

actual number of trace points can extend up to 500,000 points if Max trace points is
set to Never Decimate). If the Analysis Length includes more than the selected Max
trace points value, the trace is decimated (using the method specified with the Detection
control) to be equal to or less than the Max trace points setting (except when Max trace
points is set to Never Decimate). This decimated (or undecimated) trace is what is used
for marker measurements and for results export.

FM Display

The Frequency Modulation Display shows Frequency Deviation vs. Time. The vertical axis units are

Hertz and the horizontal axis units are seconds. When taking measurements, only the first burst in the
Analysis period is analyzed. No trace points are shown for data outside the first detected burst, nor are
measurements made on data outside the first detected burst.

To show the FM display:

1.
2.
3.

Select the Displays button or select Setup > Displays. This shows the Select Displays dialog box.
From the Measurements box, select Analog Modulation.

Double-click the FM icon in the Available Displays box. This adds the FM icon to the Selected
displays box.

Click the OK button. This shows the FM display.
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Elements of the Display
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Item Element

FM Settings

Description

1 Check mark indicator

The check mark indicator in the upper, left-hand corner of the display shows
when the FM display is the optimized display.

NOTE. When Best for multiple windows is selected in the Amplitude control
panel's RF & IF Optimization control, none of the measurement displays
shows a checkmark, as there is not a single optimized measurement.

2 Top of Graph control

Sets the frequency indicated at the top of the graph. Since the Position value
at the vertical center of this graph remains constant as the Top of Graph value
is adjusted, the Vertical Scale increases as the Top of Graph value increases,
which also affects the bottom of graph readout. Vertical Scale can also be
controlled from the Settings control panel's Scale tab.

3 Position

Specifies the frequency shown at the center of the graph display. Changing
this value moves the trace up and down in the graph, which affects the Top of
Graph and Bottom of Graph values as well.

Bottom of Graph Readout

Displays the frequency value at the bottom of the graph.

5 Measurement readouts

Displays numeric values for the +Pk (positive frequency deviation), -Pk
(negative frequency deviation), RMS (RMS value of the deviation), Pk-Pk
(peak-to-peak frequency deviation), and Pk-Pk/2 (peak-to-peak frequency
deviation divided by two).

Position

Specifies the horizontal position of the trace on the graph display.

Scale

Adjusts the time range of the graph. By decreasing the scale (full-scale time
over 10 divisions), the graph essentially becomes a window that you can
move over the acquisition record by adjusting the horizontal position.

Clear

Clears the trace and numeric measurement results.

Trace Detection readout

Displays the Settings > Trace > Detection setting.

10 Freq Error

This readout can show Freq Error or Freq Offset. When it displays Freq
Error, it shows the difference between the instrument Frequency setting and
the measured value of the signal's carrier frequency. When it displays Freq
Offset, it shows the frequency offset specified on the Settings > Parameters
tab. If Freq Error is displayed, it also indicates that the Carrier frequency
detection setting is Auto. If Freq Offset is displayed, it indicates that the
Carrier frequency detection setting is manual.

Changing the FM Settings (see page 85)

FM Settings

Menu Bar: Setup > Settings

Application Toolbar: &b

The FM Settings control panel provides access to settings that control parameters of the FM Display.
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86

Parameters | Trace | Scale | Prefs

FM Settings

Burst detect threshold:

Measurement BW:

-100 dBc

100.0 kHz

Frequency offset:

50,54 Hz Auto

Load from marker

Setting

Description

Parameters (see page 395)

Sets the burst detection threshold, measurement bandwidth, and carrier frequency

detection method.

Trace (see page 88)

Sets Trace display parameters.

Scale (see page 90)

Sets vertical and horizontal scale and position parameters.

Prefs (see page 91)

Specifies whether or not certain display elements are shown. Specifies the maximum
number of points shown in the display graph.
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Parameters Tab

The Parameters tab enables you to specify parameters for carrier detection.

Parameters | Trace | Scale | Prefs

Burst detect threshold:  -100 dBc

Frequency offset; |-50.54 Hz V| Auto
Measurernent BW:  100.0 kHz Load from rnarker
Setting Description
Burst detect threshold This parameter specifies the power level used to determine whether a burst is present.

A valid burst is required to take measurements. The burst detected first is used for
the analysis. The units for burst detect threshold are dBc, relative to the maximum
acquisition sample data points level.

Measurement BW Specifies the bandwidth about the center frequency at which measurements are made.

Frequency offset Displays the carrier signal's offset from the instrument's measurement frequency. Auto is
used to select the method for determining the carrier frequency. When Auto is selected,
the instrument determines the carrier frequency by analyzing the signal. When Auto is
deselected, you can set the carrier frequency offset using Frequency Offset.

Load from Marker Pressing this button sets the frequency offset to the frequency offset of the selected
marker. (Pressing this button automatically deselects Auto.)

Frequency Offset

In Auto (Auto is selected), the instrument scans the measurement bandwidth about the measurement
frequency and looks for the highest-powered signal. This is defined as the carrier frequency. In Manual
(Auto is deselected), the carrier frequency is specified by adding/subtracting the specified Frequency offset
from the measurement frequency. Range: -(Measurement BW*1.1)/2 to +(Measurement BW*1.1)/2. If
the Load from Marker button is pressed, the frequency offset is determined from the phase difference
between the two markers on screen compared to the time between the two markers. This function is useful
for removing frequency slope from the phase modulated signal.

Load from Marker

When the Auto check box is selected, the instrument scans the measurement bandwidth about the center
frequency and looks for the highest-powered signal. This is defined as the carrier frequency. When

the Auto check box is deselected, the carrier frequency is specified by adding/subtracting the specified
Frequency offset from the center frequency. Pressing the Load from Marker button loads the marker
frequency into the Frequency offset box.
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Trace Tab

The Trace Tab allows you to set the display characteristics of displayed traces.

|F‘arameters| Trace |Scale |F‘refs |

Shiowy [ClFreeze Save Trace &s...
Detection:  |+Peak -

Function: I'\Jormaliv D

Setting Description

Show Shows / hides the trace. If the instrument continues to run, the measurement results
below the graph display continue to update even if the trace is hidden.

Detection Sets the Detection method used for the trace. Available detection methods are +Peak,
-Peak, and Avg (VRMS). Not available for saved traces.

Function Selects the trace processing method. The only available setting is Normal.

Freeze Halts updates to the trace.

Save Trace As Saves the trace to a file for later recall and analysis.

Show Recalled trace Displays a saved trace instead of a live trace.

Detection

Detection refers to the method of processing the data acquisition points when creating a trace. The 1Q
samples in a data acquisition can be detected in a variety of ways. The number of IQ samples available to
each trace point varies with both analysis length and trace length. For example, with Spectrum Length set
to ‘Auto’ in the Analysis menu, the instrument analyzes just enough samples to produce one 1Q sample
pair per trace point. In this case, the detection method chosen has very little effect, as the +Peak, -Peak,
and Avg (VRMS) are all equal. Changing the Spectrum Length causes the available detection methods to
differ in value because they have a larger set of samples for the various detection methods to process.

The available detection methods are:

B +Peak — Each point on the trace is the result of detecting the positive peak value present in the set of
1Q samples available to that trace point.

®  -Peak — Each point on the trace is the result of detecting the negative peak value present in the set of
1Q samples available to that trace point.

m  Avg (VRMS) [Average Vrus] — Each point on the trace is the result of determining the RMS Voltage
value for all of the IQ samples available to the trace point. When displayed in either linear (Volts,
Watts) or Log (dB, dBm), the correct RMS value results. When the averaging function is applied to a
trace, the averaging is performed on the linear (Voltage) values, resulting in the correct average
for RMS values.
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Trace Processing
Traces can be processed to display in different ways. The Function setting controls trace processing.

B Normal - Each new trace is displayed and then replaced by the next trace. Each data point contains a
single vertical value.

B Average - Each trace point is computed by averaging together the multiple results points it represents.
B +Peak - Each trace point represents the highest vertical value among the results it includes.

B —Peak - Each trace point represents the lowest vertical value among the results it includes.

Saving Traces

To save a trace for later analysis:

1. Select the Save Trace As button. This displays the Save As dialog box.
2. Navigate to the desired folder or use the default.

3. Type a name for the saved trace and click Save.

Recalling Traces

You can recall a previously saved trace for analysis or comparison to a live trace.
To select a trace for recall:

1. Click the ... button to display the Open dialog box.

2. Navigate to the desired file and click Open.

3. Check the Show Recalled Trace check box.

4. Verify that the Show check box is selected.
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Scale Tab

Scale Tab

The Scale tab allows you to change the vertical and horizontal scale settings. Changing the scale settings
changes how the trace appears on the display but does not change control settings such as Measurement
Frequency. In effect, these controls operate like pan and zoom controls.

| Pararmneters | Trace | Scale |F‘refs |

Wertical Horizontal
Sraler 100 kHz Srale: 39,280 us
Position: 0,000 Hz Position: 92,160 us
Autoscale Autoscale
Setting Description
Vertical
Scale Changes the range shown between the top and bottom of the graph.
Position Adjusts the frequency shown at the center of the graph.
Autoscale Resets the Position so that the entire trace fits within the graph.
Horizontal
Scale Changes the range shown between the left and right sides of the graph.
Position Adjusts the position of the acquisition record shown at the left edge of the graph.
Autoscale Resets the Scale and Position settings to provide the optimum display.
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Prefs Tab

Prefs Tab

The Prefs tab enables you to change appearance characteristics of the FM display.

| Parameters | Trace IScaIe | Prefs |

Shiowe graticule

Max trace points: | 100K M

Shiowe Marker readout in graph (selected rmarker)

Setting

Description

Show graticule

Shows or hides the graticule.

Show Marker readout in graph
(selected marker)

Shows or hides the readout for the selected marker in the graph area.

Max trace points

The trace in the FM display can be set to a maximum of 100,000 points (however, the
actual number of trace points can extend up to 500,000 points if Max trace points is
set to Never Decimate). If the Analysis Length includes more than the selected Max
trace points value, the trace is decimated (using the method specified with the Detection
control) to be equal to or less than the Max trace points setting (except when Max trace
points is set to Never Decimate). This decimated (or undecimated) trace is what is used
for marker measurements and for results export.

PM Display

The Phase Modulation Display shows Phase vs. Time. The vertical axis units are degrees and the
horizontal axis units are seconds. When taking measurements, only the first burst in the Analysis period is
analyzed. No trace points are shown for data outside the first detected burst, nor are measurements made
on data outside the first detected burst.
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Elements of the Display
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Item Element Description

1 Check mark indicator The check mark indicator in the upper, left-hand corner of the display shows
when the PM display is the optimized display.

NOTE. When Best for multiple windows is selected in the Amplitude control
panel's RF & IF Optimization control, none of the measurement displays
shows a checkmark, as there is not a single optimized measurement.

2 Top of Graph control Sets the phase value indicated at the top of the graph. Since the Position
value at the vertical center of this graph remains constant as the Top of Graph
value is adjusted, the Vertical Scale increases as the Top of Graph value
increases, which also affects the bottom of graph readout. Vertical Scale can
also be controlled from the Settings control panel's Scale tab.

3 Position Specifies the phase shown at the center of the graph display. Changing this
value moves the trace up and down in the graph, which affects the Top of
Graph and Bottom of Graph values as well.

Bottom of Graph Readout Displays the phase value at the bottom of the graph.

5 Measurement readouts Displays numeric values for the +Pk (positive phase deviation), —Pk (negative
phase deviation), Pk-Pk (peak-to-peak phase deviation), and RMS (RMS
value of the phase deviation).

Position Specifies the horizontal position of the trace on the graph display.

Scale Adjusts the time range of the graph. By decreasing the scale (full-scale time
over 10 divisions), the graph essentially becomes a window that you can
move over the acquisition record by adjusting the horizontal position.

Clear Clears the measurement results.
Trace Detection readout Displays the Trace Detection setting (see Settings > Trace > Detection).
10 Freq Error This readout can show Freq Error or Freq Offset. When it displays Freq

Error, it shows the difference between the instrument Frequency setting and
the measured value of the signal's carrier frequency. When it displays Freq
Offset, it shows the frequency offset specified on the Settings > Parameters
tab. If Freq Error is displayed, it also indicates that the Carrier frequency
detection setting is Auto. If Freq Offset is displayed, it indicates that the
Carrier frequency detection setting is manual.

Changing the PM Settings (see page 93)

PM Settings

Menu Bar: Setup > Settings

Application Toolbar: &b

The PM Settings control panel provides access to settings that control parameters of the PM Display.
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Parameters | Trace | Scale | Prefs

Burst detect threshold:  -100 dBc

Measurement BW:  1.000 MHz

Freguency offsst:  -383.2 Hz [[] auto

Load A from marker

Phase offset; 128 © ] Auto

Load from marker

Setting

Description

Parameters Tab

Parameters (see page 94)

Sets the Carrier Frequency Detection method. You can choose either Automatic or
Manual. Sets burst threshold and phase detection method.

Trace (see page 95)

Sets Trace display parameters.

Scale (see page 98)

Sets vertical and horizontal scale and position parameters.

Prefs (see page 99)

Specifies whether or not certain display elements are shown. Specifies the maximum

number of points shown in the display graph.

Parameters Tab

The Parameters tab enables you to specify parameters that control the carrier frequency and phase detection.

Pararmeters | Trace | Scale | Prefs

Burst detect threshold:  -100 dBc

Measurement EV: 1,000 MHz

Frequency offset:  -383.2 Hz [ Auto

Load & fromn rarker

Phase offset; 128 ° [ Auto

Load from marker
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Setting Description

Burst detect threshold Specifies the power level used to determine whether a burst is present. A valid burst is
required to take measurements. The burst detected first is used for the analysis. The
units for burst detect threshold are dBc, relative to the maximum acquisition sample
data points level.

Measurement BW Specifies the bandwidth about the center frequency at which measurements are made.

Frequency offset Displays the carrier signal's frequency offset from the instrument's Measurement
Frequency. Auto is used to select the method for determining the carrier frequency. When
Auto is selected, the instrument determines the carrier frequency by analyzing the signal.
When Auto is deselected, you can set the carrier frequency offset using Frequency Offset.

Load A from Marker Pressing this button disables the Auto Frequency Offset function and sets the Frequency
offset to the frequency offset calculated from the difference between MR (the marker
reference) and the selected marker (or M1 if MR is currently the selected marker).

Phase offset Displays the phase offset. When Auto is selected, the instrument determines the phase
offset. When Auto is deselected, the user sets the phase offset with this control.

Load from marker Pressing this button sets the phase offset to the phase offset of the selected marker.
(Pressing this button automatically deselects Auto.)

Frequency Offset

In Auto (Auto is selected), the instrument scans the measurement bandwidth about the Measurement
Frequency and looks for the highest-powered signal. This is defined as the carrier frequency. In Manual
(Auto is deselected), the carrier frequency is specified by adding/subtracting the specified Frequency offset
from the Measurement Frequency. Range: -(Measurement BW*1.1)/2 to +(Measurement BW*1.1)/2. If
the Load A from marker button is pressed, the frequency offset is determined from the phase difference
between the two markers on screen compared to the time between the two markers. This function is useful
for removing frequency slope from the phase modulated signal.

Phase Offset

In Auto (Auto is selected), the instrument sets the phase offset to fit the waveform to the screen centering
0° phase on the vertical axis. The actual phase offset is indicated on the Phase Offset readout. In Manual
(Auto is deselected), the instrument sets the phase offset using the value specified in Phase offset. For
example, when Phase offset is set to 10°, the waveform shifts upward by 10° on screen. Selecting Load
from marker sets the phase offset to the value of the selected marker. Range: —180 to +180°.

Trace Tab

The Traces Tab allows you to set the display characteristics of displayed traces.
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|F‘arameters| Trace |Scale |F‘refs |

Showy [ClFreeze Save Trace As...
Detection: |+Peak -

Furction: \Normal—vJ l:]

Setting Description

Show Shows / hides the trace. If the instrument continues to run, the measurement results
below the graph display continue to update even if the trace is hidden.

Detection Sets the Detection method used for the trace. Available detection methods are +Peak,
-Peak, and Avg (VRMS). Not available for saved traces.

Function Selects the trace processing method. The only available setting is Normal.

Freeze Halts updates to the trace.

Save Trace As Saves the trace to a file for later recall and analysis.

Show Recalled trace Displays a saved trace instead of a live trace.

Detection

Detection refers to the method of processing the data acquisition points when creating a trace. The 1Q
samples in a data acquisition can be detected in a variety of ways. The number of IQ samples available to
each trace point varies with both analysis length and trace length. For example, with Spectrum Length set
to ‘Auto’ in the Analysis menu, the instrument analyzes just enough samples to produce one IQ sample
pair per trace point. In this case, the detection method chosen has very little effect, as the +Peak, -Peak,
and Avg (VRMS) are all equal. Changing the Spectrum Length causes the available detection methods to
differ in value because they have a larger set of samples for the various detection methods to process.

The available detection methods are:

B +Peak — Each point on the trace is the result of detecting the positive peak value present in the set of
1Q samples available to that trace point.

®  -Peak — Each point on the trace is the result of detecting the negative peak value present in the set of
1Q samples available to that trace point.

m  Avg (VRMS) [Average Vrus] — Each point on the trace is the result of determining the RMS Voltage
value for all of the IQ samples available to the trace point. When displayed in either linear (Volts,
Watts) or Log (dB, dBm), the correct RMS value results. When the averaging function is applied to a
trace, the averaging is performed on the linear (Voltage) values, resulting in the correct average
for RMS values.

Trace Processing

Traces can be processed to display in different ways. The Function setting controls trace processing.
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Normal - Each new trace is displayed and then replaced by the next trace. Each data point contains a
single vertical value.

Average - Each trace point is computed by averaging together the multiple results points it represents.
+Peak - Each trace point is represents the highest vertical value among the results it includes.

—Peak - Each trace point is represents the lowest vertical value among the results it includes.

Saving Traces

To save a trace for later analysis:

1.
2.
3.

Select the Save Trace As button. This displays the Save As dialog box.
Navigate to the desired folder or use the default.

Type a name for the saved trace and click Save.

Recalling Traces

You can recall a previously saved trace for analysis or comparison to a live trace.

To select a trace for recall:

1.

2
3.
4

Click the ... button to display the Open dialog box.
Navigate to the desired file and click Open.
Check the Show Recalled Trace check box.

Verify that the Show check box is selected.
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Scale Tab

Scale Tab

The Scale tab allows you to change the vertical and horizontal scale settings. Changing the scale settings
changes how the trace appears on the display but does not change control settings such as Measurement
Frequency. In effect, these controls operate like pan and zoom controls.

| Pararmneters | Trace | Scale |F‘refs |

Wertical Horizontal
Scale: 22.8° Scaler 1840 ms
Position:  -24.7 m* Positiorn: 160,000 Ls
| Autoscale | | Autoscae |

Setting Description
Vertical

Scale Changes the range shown between the top and bottom of the graph.

Position Adjusts the phase shown at the center of the graph.

Autoscale Resets the Position so that the entire trace in the graph.
Horizontal

Scale Changes the range shown between the left and right sides of the graph.

Position Adjusts the phase shown at the left edge of the graph.

Autoscale Resets the Scale and Position settings to show the entire trace within the graph.
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Prefs Tab

Prefs Tab

The Prefs tab enables you to change appearance characteristics of the PM display.

| Parameters | Trace IScaIe | Prefs |

Shiowe graticule

Max trace points: | 100K M

Shiowe Marker readout in graph (selected rmarker)

Setting

Description

Show graticule

Shows or hides the graticule.

Show Marker readout in graph
(selected marker)

Shows or hides the readout for the selected marker in the graph area.

Max trace points

The trace in the PM display can be set to a maximum of 100,000 points (however, the
actual number of trace points can extend up to 500,000 points if Max trace points is
set to Never Decimate). If the Analysis Length includes more than the selected Max
trace points value, the trace is decimated (using the method specified with the Detection
control) to be equal to or less than the Max trace points setting (except when Max trace
points is set to Never Decimate). This decimated (or undecimated) trace is what is used
for marker measurements and for results export.
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Overview

The displays in RF Measurements (Displays > Measurements > RF Measurements) are:
=  CCDF

= MCPR

B Occupied Bandwidth

B Spurious

The RF Measurements power measurements and signal statistics help you characterize components
and systems.

Power Measurements

Measurement Description

Channel Power The total RF power in the selected channel (located in the ACPR display).

Adjacent Channel Power Ratio Measure of the signal power leaking from the main channel into adjacent channels.

Multi-Carrier Power Ratio The ratio of the signal power in the reference channel or group of channels to the power
in adjacent channels.

Peak/Avg Ratio Ratio of the peak power in the transmitted signal to the average power in the transmitted
signal (located in the CCDF display).

CCDF The Complementary Cumulative Distribution Function (CCDF). CCDF shows how much

time a signal spends at or above a given power level relative to the average power of
a measured signal.

MCPR (Multiple Carrier Power Ratio) Display

Use the MCPR measurement to measure adjacent channel power ratio for multiple main channels or
when adjacent channel pairs have different offsets and/or bandwidths. The MCPR display show the
Reference Power and the ratio of each adjacent channel to the Reference Power. You can select whether
the Reference Power is the total of all active channels or a single channel.

Measuring Multiple Carrier Power Ratio
1. Press the front-panel Displays button.

2. From the Select Displays window, select RF Measurements or P25 Analysis from the Measurements
box.

3. Double-click the MCPR icon in the Available displays box. Click OK to complete your selection.

4. Press the front-panel Freq button and use the front panel keypad or knob to adjust the frequency to
that of the main channel. Select Meas. Freq to set the measurement frequency. Use the front panel
knob to adjust the frequency.
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5. Press the Settings button. This displays the control panel for MCPR (the tab displayed will be the tab
displayed the last time the Settings panel was opened).

| Freq & RBW| Measurement params | Channels | scale | prefs |
Main Channels Adj Chans

»

Chan BW Offset L.Limit U.Lirnit
Number: 1 G Add... M1 12500 kHz  0.000 Hz

Al 6.000 kHz +/-12.500 kHz -67.00dB -67.00 dB
BW: 12.500 kHz Edit... A2 6.000 kHz +/-62.500 kHz -67.00 dB  -67.00 dB
A3 6.000 kHz +/-B7.500 kHz 67.00dB  67.00dB |
12.500 kHz Delete A4 6.000 kHz +/-150.000 ... -67.00dB  -67.00 dB

Ag &.nnn Lus LI 780 AnN &7 00 do &7 nn do

6. Click on the Channels tab. To set the number of Main channels, enter the number of Main channels in
the Number text entry box under Main Channels.

NOTE. As you add channels, the span of the display will be adjusted so that all the channels can be seen.

7. To set the bandwidth of all main channels, enter a value in the BW value box.
8. To set the spacing between the main channels, enter a value in the Spacing value box.

9. To prevent a main channel power level from being included in the Power Reference (Total) calculation,
select the channel to be excluded in the Inactive box.

10. To add adjacent channels, click the Add button under Adj Chans.

o Frequency Offset
52.5 kHz

Settings for:
= Bandwidth
6.000 kHz Ab

-80.00 dB

-80.00 dB

|| Enable Power Limits

11. To edit Frequency Offset or Bandwidth, click within the value box and use the front-panel knob or
your keyboard to set the value. Click Close to save your changes.

NOTE. Frequency Offset is the difference between the center frequency of the selected channel and
the Measurement Frequency. All channels (Main or Adjacent) are specified by their offset from the
Measurement Frequency.
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12. To enable and define power limits, check the Enable Power Limits box and enter the desired Upper
and Lower limits. You can read more about power limits here (see page 104).

ol Edit Channel Parameters-
= Frequency Offset Close

262.500 kHz

Settings for:
= Bandwidth
6.000 kHz Ab

o LowerLimit
-80.00 dB |

& UpperLimit
-80.00 dB |

/| Enable Power Limits

13. After you have configured the Main and Adjacent channels, click the close button () in the
Settings panel or the Settings button to remove the settings panel.

Viewing Results

MCPR measurement results are displayed both in the spectrum graph and in a table below the spectrum
display. Individual Main channel power measurements appear in the graph under their channel identifiers.
Individual adjacent channel power ratios also appear in the graph under the adjacent channel identifier.

ILns:la‘r'sl Markers |[Sattings ¥ Freq: LO0DO0 GH:  ~ Reflev: 0.00 dBm amgl | |Repley || Run

f Mormal [ Cea
& -10.00 dém
= dBjdh:
10,00 cB
"-l'] h} f .',lhll{ | 1,*,-_[ knlu A il ih i
My '|I"‘|'[ 9 || Y A |_'|"'f i |1 [
: W
-14 E1 dbm -14.62 b =14 E7 dBmi
I| hA b gl i 'll" ”|'1 Wi
e i Ty
-110.00 dém
Aubcecds & Offsat: 100000 GHz ~ Scale; 3951 MHz
Referencs th Offset Loweer Lipper
Fower; Al 125 MHz £0.67 08 -59.15 08
BL64 dBrm A2 175 MHE 40,07 8 -58.93 B
Stopped  JA0q BW: 40,00 MHz, Acg Length: 169,240 us Real Time  Fres Run Ref It Atten: 1508 Preampe OFf
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104

The following table details the entries in the results table.

Heading Description

Ch Identifies the adjacent channels. Adjacent channels are numbered according to their
offset from the Main channel. The closest channel is numbered 1. The next closet
channel is numbered 2; and so forth. The prefix “L” means lower; “U” means upper.

Offset The offset is the difference in frequency between the Measurement Frequency and the
center frequency of the channel.

Lower Displays the ratio of the lower adjacent channel power to the Power Reference.

Upper Displays the ratio of the upper adjacent channel power to the Power Reference.

L. Limit Displays the lower power limit.

U. Limit Displays the upper power limit.

Power Reference Depending on the selected Power Ref, this readout displays either the power of the

selected main channel or the total power in the active main channels.

Depending on the number of adjacent channels, to see all the measurements, you might need to drag
the divider bar between the main display and the results table at the bottom of the window to change
the height of the results table.

Setting MCPR Measurement Parameters (see page 107)

Setting Power Limits

When power limits are enabled (Settings > Channels > Add), the comparison of the actual results of an
adjacent channel is done against the limits. If there is a failure, the Lower and Upper power cells in the
MCPR table will be red and the failure segments of the trace display will be red. The words Fail in red
will also appear in the top left corner of the display (even if one adjacent band fails). See the following
image for an example.
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Fai Normal | .CJ.EBI
= 0.00 dém
o dBJdhv:
10.0 dB
-100.00 dBm
Autoscale| o Pos: 120.000000 MHz = Sqale: 1.031550 MHz
LT 1
E‘EFEFEH{E | ch  Offset Lowar Upper L.Limit U.Limit &
ower: |
-2.66 dBm | Al 9.375 kHz 43,14 d8 | 44.35d8 EENIK] -65.00 dB E
' | A2 15625kHz -76.71dB -76.07dB  -65.00 dB -65.00 dB
A3 21875kHz -7647dB -76.82dB -65.00 dB -65.00 dB
| A4 37.500kHz -77.8BdB -77.21dB  -65.00dB -65.00 dB
: AS 62.500kHz -77.70dB -76.79dB -65.00 dB -65.00 dB -

Multiple Carrier Power Ratio

The ratio of the signal power in an adjacent channel to the power in one or more main channels.

MCPR Settings

Menu Bar: Setup > Settings

The Setup control panel tabs for MCPR (Multiple Carrier Power Ratio) are:

‘ Freg & RBWl Measurement Paran‘sl Channels |Smle | Prefs ‘ .
Main Channels Adi Chans
Inactive Chan BW Offset L.Limit U.Limit

Numier: 1 ] M1 Add... ML 12.500kHz ~ 0.000 Hz
Al 6.000 kHz +/-12.500 kHz  -67.00 dB -67.00 dB =

B 12.500 kHz Edtt... A2 6.000 kHz +/-62.500 kHz -67.00 dB  -67.00 dB
A3 6.000 kHz +/-87.500 kHz  -67.00 dB -67.00 dB L=

12.500 kHz Delete Ad 6.000 kHz +/-150.000 ... -67.00 dB -67.00 dB

Ac & nnn bis L 9En Ann £7 nn Ao £7 nn Ao ~Z
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Settings tab

Freq & RBW Tab for ACPR and MCPR Displays

Description

Freq & RBW (see page 106)

Specify the frequency and resolution bandwidth used for the MCPR measurements.

Measurement Params (see

page 107)

Specifies parameters controlling how the MCPR measurement is made.

Channels (see page 107)

Specifies the parameters of the channels to be measured.

Scale (see page 153)

Specifies the vertical and horizontal scale and offset values.

Prefs (see page 154)

Specifies whether or not certain display elements are shown.

Restore defaults. Sets parameters for a 4-carrier WCDMA measurement.

Freq & RBW Tab for ACPR and MCPR Displays

The Freq & RBW tab specifies frequency parameters for the Channel Power & ACPR measurements and

MCPR measurement.

Freq & REW | Measurement Params | Channels | Scale | prefs |

Meas Freq:  1.00000 GHz REW: 30000 kHz Auto
Step: 20000 Az Auto [T] wEwY:
Setting Description
Meas Freq Specifies the center/measurement frequency.
Step
RBW Select Auto or Manual. Adjusts the RBW for the entire measurement. This setting is
Independent of the Spectrum view's RBW setting.
VBW Adjusts the VBW (Video Bandwidth) value. VBW Maximum = current RBW value. VBW

Minimum = 1/10,000 RBW setting.

NOTE. While the center frequency and step settings on this control tab are shared between ACPR, MCPR
and Occupied Bandwidth, the RBW setting is not shared. The RBW setting is unique for each measurement.

VBW

The VBW setting enables/disables the Video Bandwidth filter. VBW is used in traditional swept analyzers
to reduce the effect of noise on the displayed signal. The VBW algorithm in the analyzer emulates the
VBW filters of traditional swept analyzers.

The maximum VBW value is the current RBW setting. The minimum VBW value is 1/10,000 of the

RBW setting.
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Measurement Params for ACPR and MCPR Displays

Measurement Params for ACPR and MCPR Displays

The Measurement Params tab is where you set parameters that control the ACPR and MCPR measurements.

Parameter

Description

Average

Enables/disables measurement averaging. Averaging can be enabled in either the
Frequency Domain or Time Domain.

Frequency-domain

This setting takes the average linear value of the traces (so that rms values are
preserved). The number of averages is user-defined. Frequency domain averaging
is available in spans larger (or smaller) than the maximum real time bandwidth.
This is the mode to use unless you need to extract maximum dynamic range from
an ACPR measurement.

Time-domain

This setting takes the average linear value of the traces. It is useful if you need to
extract maximum dynamic range from an ACPR measurement. The number of traces
is user defined. But, the signals must be triggered and repeating. That is, the signal
needs to be exactly the same for each acquisition. When this condition is met, each
waveform contains the same signal, but the random noise changes from acquisition
to acquisition and the average value of the random noise is lowered, while the signal
value remains constant. Time domain averaging is not available in spans wider
than the maximum real-time bandwidth.

Number

Specifies the number of acquisitions to be averaged when Averaging is set to
Frequency Domain. Specifies the number of successive capture records that are
averaged when Averaging is set to Time Domain.

Power Reference

Specifies power against which the results are compared. Choices available are each
of the existing main channels and “Total (active channels”.

Only present when MCPR s the selected display.

Channel Filter

Specify the channel filter used. Select between None (default) and Root-raised
Cosine.

Filter Parameter

Value entry box for the Root-raised Cosine filter Adjacent Channel Filter.
Present only when the Channel Filter is set to Root-raised Cosine.

Value entry box for the Root-raised Cosine chip rate.
Present only when the Channel Filter is set to Root-raised Cosine.

Channels Tab for MCPR

Path: Setup > Settings > Channels

Application Toolbar / Front Panel: Settings

The Channels tab is where you specify the parameters for the channels measured in the MCPR display.
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Freq & RBW | Measurement Params | Channels | scale | prefs |
Main Channels Adj Chans . .
Chan BW Offset L.Limit U.Limit it
Number: 1 G Add... M1 12.500 kHz 0.000 Hz
Al 6.000 kHz +/-12.500 kHz  -67.00 dB -67.00 dB =
BW: 12.500 kHz Edit A2 6.000 kHz +/62.500 kHz -67.00dB  -67.00 dB
A3 6.000 kHz +/-87.500 kHz  -67.00 dB -67.00 dB
12.500 kHz Delete Ad 6.000 kHz +/-150.000 ... -67.00 dB -67.00 dB i
Setting Description
Main Channels
Number Sets the number of Main channels.
BW Sets the bandwidth of the Main channels.
Spacing Sets the frequency difference between the centers of the Main channels.
Inactive Selected channels are ignored by the measurement routine.
Adj Chans
Add Opens the Edit Channel Parameters dialog, which you use to specify the parameters of a
new pair of adjacent channels. You can add up to 50 adjacent channel pairs.
Edit Opens the Edit Channel Parameters dialog box. (You must first select a channel to
enable the Edit button.)
Delete Deletes the selected main channel or adjacent channel pair.
Channel Definition table A table of the parameters for every channel. Offset is the frequency difference between

the Center Frequency and center of the selected channel. Nothing in the table is editable
directly. You can set the upper and lower limits by clicking on the Add button.

The following figure illustrates the settings controlled from the Channels tab.

Lower Upper
Adjacent 1 Main 1 Main 2 Main 3 Adjacent 1

| | |
——p — —

P
o~ |
Adj Chan Main Chan Main Chan Main Chan Adj Chan
Bandwidth Bandwidth Bandwidth Bandwidth Bandwidth

! Channel Spacing ! Channel Spacing ! Channel Spacing ! Channel Spacing !

Editing Channel Parameters

To edit the offset or bandwidth of a Main channel:
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Select the value in the BW or Spacing number entry boxes.
Adjust the value as required. All the Main channels share the same BW and Spacing.

Select the appropriate check box to make a channel Inactive, as appropriate.

B » b=

Click the Close button when you have finished making changes.

To edit the offset or bandwidth of an Adjacent channel:

1. Select the channel to be edited in the channel definition table.

2. Select Edit. This displays the Edit Channel Parameters dialog box.

3. Adjust the values for the Frequency Offset, Bandwidth, and upper and lower Limits, as required.
4

Click the Close button when you have finished making changes.

Adding Channels

To add a main channel:

1. Select the Number entry box.

2. Use the knob to enter a value for the desired number of Main channels.
3. Click the Close button when you have finished making changes.

To add an adjacent channel pair:

1. Select Add. This displays the Edit Channel Parameters dialog box.

2. Use the knob to enter values for the Frequency Offset, Bandwidth, and upper and lower Limits, as
required. The Frequency Offset is measured from the Meas Frequency of the Main channels.

3. Click the Close button when you have finished making changes.

Deleting Channels

To delete a main channel:

1. Select the Number entry box.

2. Use the knob to reduce the number of channels or enter a new value using the front-panel keypad.
3. Click the Close button when you have finished making changes.

To delete an adjacent channel:

1. Select the channel to be deleted in the channel definition table.

2. Sclect Delete. This removes the selected channel from the channel table.

3. Click the Close button when you have finished making changes.
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Occupied BW & x dB BW Display

The Occupied BW display shows the bandwidth within which 99% (a user-defined value, the default is
99%) of the power transmitted within the measurement bandwidth falls.

To show the Occupied BW display:
1. Press the Displays button or select Setup > Displays.
2. In the Select Displays dialog, select RF Measurements in the Measurements box.

3. In the Available displays box, double-click the Occupied Bandwidth icon or select the icon and
click Add. The Occupied Bandwidth icon will appear in the Selected displays box and will no
longer appear under Available displays.

4. Click OK to display the Occupied Bandwidth.

Elements of the Display
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Item Display element

Occupied BW & x dB BW Display

Description

1 Check mark indicator

The check mark indicator denotes the display for which the acquisition
hardware is optimized. This indictor appears only when the display is the
selected display.

NOTE. When Best for multiple windows is selected in the Amplitude control
panel's RF & IF Optimization control, none of the measurement displays
shows a checkmark, as there is not a single optimized measurement.

2 Averaging readout

Appears when averaging is enabled (Settings > Parameters tab > Average
results). Displays "Avg: n of m" while averaging the results and "Avg: m"
once the requested number of results have been averaged.

3 Autoscale

Adjusts the vertical and horizontal settings so that the entire trace fits in the
graph.

Trace function readout

Displays either Normal or MaxHold to indicate trace function.

5 Clear

Resets count for Average and MaxHold functions. Enabled only when
Averaging or MaxHold is enabled. Pressing Clear will clear the trace and, if
acquisition is running, restart the averaging or hold process.

6 Graph

Displays the input signal. Shaded areas indicate the measurement bandwidth
(Settings > Parameters tab > Measurement BW).

7 Blue lines

The blue lines indicate where the selected results (selected in the Main
results area) are being measured on the trace.

8 Grid divider

Determines the portion of the display allocated to the graph and detailed
results area. You can move the grid divider all the way to the top or bottom
and any position in between.

9 Detailed results area

Displays additional measurements results.

10 Position and dB/div

Position sets the top of graph value. The dB/div setting is the vertical scale
value.

1 Main results area

Displays results for Occupied Bandwidth (OBW) and x dB bandwidth. Use
the two radio buttons to select which of the two results are illustrated in the
graph with the blue lines and arrows. There are also controls for adjusting
OBW % Power, x dB BW, and RBW.

12 VBW

Enables the VBW (Video Bandwidth) filter. Displays current VBW filter setting.
See Setup > Settings > Freq & RBW tab (see page 106).

Detailed Results Readouts

Measurement Description

Freq Error The frequency difference between the measured carrier frequency of the signal and the
user-selected center frequency of the analyzer.

OBW Level left The signal level at the left edge of the occupied bandwidth.

OBW Level right The signal level at the right edge of the occupied bandwidth.

OBW Ref Power The total power measured within the measurement bandwidth.

x dB BW Ref Power The peak power measured within the measurement bandwidth.
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Changing the Occupied Bandwidth Settings (see page 112)

Occupied Bandwidth

Bandwidth within which some defined percentage of the power transmitted on a single channel lies.

Occupied BW & x dB BW Settings

Menu Bar: Setup > Settings

The control panel tabs for the Occupied Bandwidth display are shown in the following table.

Settings tab Description

Freq & RBW (see page 149) Allows you to specify the Center Frequency, Step size and RBW.

Parameters (see page 113) Allows you to specify the Occupied BW % Power, x dB level, Measurement BW, enable
averaging and the Max Hold function.

Scale (see page 153) Allows you to set the vertical and horizontal scale parameters.

Prefs (see page 154) The Prefs tab enables you to set characteristics of the measurement display.
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Parameters Tab

The Parameters tab enables you to specify parameters that control the Occupied BW measurement.

Freq & RBw | Parameters |Scale | Prefs

Occupied BW %% Power: 99.0 %

[] Max Hald spectral data

¥ OB level -20.0 dB
Count:

Measurernent Byy: 10,00 MHz [ Average resuits 0

Setting Description

Occupied BW % Power Specifies the proportion of power within the occupied bandwidth (referenced against the
total power in the measurement bandwidth).

x dB level x dB level defines the x dB BW level search threshold.

Measurement BW Specifies the frequency range used by the measurement.

Max Hold spectral data Enables the Max Hold function.

Average results Enables/disables results averaging. Note that this is not an averaging of the trace, but an
averaging of the results.

Count Specifies the number of results averaged to calculate the Occupied BW. Range: 2 to
10,000.

x dB Level

The x dB level determines the x dB BW. The instrument analyzes the spectrum trace to locate the
frequencies at which the level is x dB down from the peak level calculated over the measurement
bandwidth. The frequency difference between the upper and lower crossing thresholds is the x dB BW.

Range: -80.0 to -1.0 dB; Resolution: 0.1%; Inc/dec small: 0.1%, large: 1%; Default: -26 dB

Max Hold Spectral Data

Max Hold displays the maximum value in the acquisition record for each display point. Each new trace
display point is compared to the previous maximum value and the greater value is retained for display
and subsequent comparisons.
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CCDF Display

The CCDF (Complementary Cumulative Distribution Function) is a statistical characterization that plots
power level on the x-axis and probability on the y-axis of a graph. Each point on the CCDF curve shows
what percentage of time a signal spends at or above a given power level. The power level is expressed in
dB relative to the average signal power level. The CCDF Display also shows the Average power level
and the Peak/Average ratio.

To show the CCDF display:
1. Press the Displays button or select Setup > Displays. This shows the Select Displays dialog box.
2. From the Measurements box, select RF Measurements.

3. Double-click the CCDF icon in the Available Displays box. This adds the CCDF icon to the Selected
displays box.

4. Click the OK button.

Elements of the CCDF Display
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CCDF Settings

Item Display element Description
1 100% The top of the graph represents the 100% probability that the signal will be at
or above the average signal level.
2 Power level select Adjust to display the value of the CCDF curve at a specific power level. The
selected power level is indicated by a small triangle on the CCDF curve.
3 CCDF value Readout of the value of the CCDF curve at the selected power level.
Avg Readout of the Average power level and the CCDF value at the Average
power level.
Readout Table Readout of the CCDF curve at six points.
Pk / Avg Readout of the Peak to Average power ratio.
Measurement time Readout of the length of time used for the measurement. Displays --- s when

the Measurement time is set to continuous.

Changing the CCDF Display Settings (see page 115)

CCDF Settings

Menu Bar: Setup > Settings

Application Toolbar: &

The control panel tabs for the CCDF Display are shown in the following table.

Settings tab

Description

Parameters (see page 116)

Specifies the time to be measured.

Traces (see page 150)

Select the trace to be measured and select reference trace for display.

Prefs (see page 154)

Specifies whether on not certain display elements are shown.

Restore defaults. Sets the CCDF parameters to their default values.
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Parameters Tab

Parameters Tab

The Parameters tab enables you to specify several parameters that control signal acquisition for the

CCDF Display.

Pararmeters | Traces I Prefs

Measurement Time

@ Single (use Analysis Length)

O Total Time: | 22000 ms Span:  85.0 MHz
) Continuous

Setting Description

Single When Single is selected, the CCDF measurement is based on the Analysis Time
parameters set on Analysis control panel (Setup > Analysis > Analysis Time), shared by
all displays. In Single, CCDF is time-correlated with the other open displays.

Total Time When Total Time is selected, you can adjust its value. The value set here does not affect
the Analysis Length value set in the Analysis control panel. If the Total Time value is
longer than the Analysis Length, CCDF uses multiple acquisitions to collect signal data.

Continuous When Continuous is selected, the CCDF measurement combines each new record
(Actual Analysis Length) into the existing result. It does not erase and start over until
user presses STOP or CLEAR.

Span Specifies the range of frequencies used for analysis.

Single

To have statistically meaningful results, CCDF works best when calculated on at least 1 ms of data.
Depending on the Analysis Time setting, the CCDF display may present error messages:

B If the Actual Analysis Time is greater than 1 ms, the CCDF Display will calculate the trace without
any problems.

m  [fthe Actual Analysis time is less than 1 ms, the CCDF Display will measure the data as best if
can, but if it receives fewer than 20 samples, the CCDF display will clear the trace and report "Not
enough samples".

Settling Time Measurement Overview

Measurement Definitions

Settling time. The time measured from a reference point to when the signal of interest settles to within
user-defined tolerance.

116
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Settled frequency. The final reference frequency, determined automatically or manually. The tolerance
band is centered about this settled frequency.

Settled phase. The final reference phase, determined automatically or manually. The tolerance band is
centered about this settled phase.

Mask Testing

Mask testing is a tool to automatically determine the pass/fail state of the Device-Under-Test. The mask
is defined over three or fewer user-defined time zones, with an independent limit band for each time
zone. If the mask is violated, the area of violation is highlighted in red on screen, and a Fail message is
displayed. The pass/fail status of the mask test can be queried over GPIB for rapid results. To configure
Mask testing, see the Mask tab (see page 133).

The instrument's Search function can watch the Settling Time measurement for either pass or fail results,
and perform actions such as stopping or saving data when the defined condition occurs. See Mask Test
Limits Settings (see page 463) for details on configuring Mask Test.

Frequency Settling Time Theory of Operation

The following paragraphs describe how a frequency and phase settling measurement is made.
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Acquisition H/W

Settling Time Measurement Overview

Obtain 1/Q data at
MeasF/MeasBW

Compute Freq. vs.
Time waveform

'

Apply smoothing

Add to average

Y

Estimated settled frequency
(averaged waveform) @
measurement index

Analyze to waveform

Get numerical results

Apply detection

'

Get trace to display

HOST

DSP

HOST

Frequency settling time flow diagram
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Acquisition HW

Settling Time Measurement Overview

Obtain I/Q data at
MeasF/MeasBW

Filter 1/Q
(N/A)

{

Estimated settled frequency
(current I/Q data) @
measurement index

Compute Phase vs.
Time waveform

!

offset

Apply tilt
correction

Apply smoothing

Add to average

'

Analyze to waveform

1

Apply detection

Y

Get numerical results

Get trace to display

Phase settling time flow diagram

0070-029

HOST

DSP

HOST

Acquisition hardware collects I and Q samples at the measurement frequency. Sample Rate is based
on the measurement bandwidth setting.

The instantaneous phase is computed as:
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Ph,y = atan (%)

The instantaneous frequency is the derivative of the phase:

' Foompling
Frimy = (Phin-1) = Phni1)) % ((mm) )

Data smoothing is applied (if selected by the user). This filtering method uses £n adjacent samples to
produce an average value that is used to replace the values of the original 2n samples. An example
is shown below.

Smooth — off Smooth — 3

0070-0:

If averaging is turned on, the smoothed data array is averaged with data arrays of previous acquisitions on
a point-by-point basis. Smoothing has the advantage of reducing noise-like variations in the measurement,
but carries the risk of masking real measurement data. The amount of smoothing applied must be
determined by evaluating the waveform you see for artifacts that result from the process.

Next, Settled Frequency is calculated. Settled frequency is the average frequency determined by looking
back in time from the point set by the Measurement Length control over a minimum of 256 samples. This
value is used to determine the frequency level about which to center the Tolerance range. The measurement
then searches backward through the data until it finds the first point that exceeds the tolerance range. A
maximum of 20 million acquisition data samples can be processed by the measurement.

Settling Time is measured as the time from the start reference to the point where the frequency remains
within the tolerance band. The start reference can be any of three points:

B The trigger point

B The beginning of the analysis period. This result can only be computed when the instrument can find a
previous settled state within the measurement period

B The point at the end of the previous frequency hop where the frequency first leaves the tolerance band.
This result can only be computed when the instrument can find a previous settled state within the
measurement period.
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Tolerance band

REEP,

Point where signal transitions
out of the tolerance band centered . .
on previous settled frequency \ / ~—— Trigger Point

WW Measurement

Length >
Control

-«—— Beginning of analysis period

¥

0070041

Settling time start reference points

All measurements are now complete and the numeric settling time values can be sent to the display.
However, no result traces have been produced yet. Detection is used to reduce the measured points (which
can number up to 10 million) to a number more easily processed by the display processor. +/- Peak
detection is always used, preserving the maximum positive and negative excursions for display. Reducing
the number of points in the result reduces the time resolution of the markers. If averaging is on, the
measurement results are computed on the average of the undecimated results.

Phase Settling Time Overview
Phase settling time is determined, as described previously, with the addition of tilt correction.

The instrument estimates tilt (or slope of the phase) using linear least square fitting over (at least)

256 samples of the phase vs. time waveform, looking backwards from the point set by the Measurement
Length. The instrument adjusts the phase waveform so that its phase is of zero value at the point set

by the Measurement Length.

Settling Time Displays

The Frequency Settling Time measurement is used to measure the frequency settling time of
frequency-agile oscillators and subsystems. The Phase Settling Time measurement is used to measure
the phase settling time of phase-agile oscillators and subsystems. Automated measurements can reduce
user-to-user measurement variations, improving repeatability and measurement confidence and saving
time in gathering results. To measure phase settling, a phase reference is required. This means that the
measurement tool must be frequency- referenced to the device under test, or must act as the frequency
reference to the device under test. To lock the reference to an external source, go to Setup > Configure
In/Out > Frequency Reference and choose External. Values from 1 MHz to 25 MHz in 1 MHz steps
can be used as an external reference.
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To show a Settling Time display:

1. Click the Displays button or select Setup > Displays.

2. From the Measurements box, select RF Measurements.

Settling Time Displays

3. Double-click the Freq Settling icon or the Phase Settling icon in the Available displays box. This
adds the selected display to the Selected displays box (and removes it from the Available displays box).

4. ClI

ick the OK button.

@

Markers | Settings || Trig = | Fraq: 2.44700 GHz

© RefLev: 0.00 dBm W Replay I

v Trecel [IShow sample Hermal
@ 2.4498 GHz

@ Position:
2.4468 GHz

= Postion: 84,020 us

Setting Time: 54.22 us Settled Freq: 2.448114 GHz

from Trigger: 50.66 us

© Scale: 377.500 us

'

Frequency settling time display

®

@—
® ©®

@

0070_035

@
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CIONO)

Markers | [Settings, E g <| Freq: 1.00000 GHz & Reflev: -15.00 dBm

w Trace 1 [¥lshow Sample Normal

© Paosition:
-3.3748°

CONC

-16.886 °

il
© Postion: 320.000 ns o Scile: 19.952 ms
Setting Time: --§ Settied Phase: 106.69 m°®
from Trigger: 4.97 ms Settled Freq: 1000.0000
@ 0519-030

Phase settling time display

RSAS5100A Series Printable Help 123



RF Measurements

Elements of the Display

Settling Time Displays

Item Display element Description
1 Top of graph Sets the frequency/phase that appears at the top of the graph. However,
note that the top of graph setting, vertical scale setting (Settings > Scale
tab), and Vertical Position settings interact. Adjusting this value changes the
frequency/phase at the top of the graph by adjusting the scale setting.
Phase Settling Time: Sets
Vertical Position Sets the frequency/phase value at the vertical center of the graph.
Autoscale Adjusts the Vertical and Horizontal scaling to display the entire trace on
screen.
Horizontal Position Sets the horizontal position of the trace on the graph.
Measurement readouts Displays measurement results. See Measurement Readout Text Color below.
Signal transition startindicator A blue vertical line that indicates the staring point of the Settling Time
measurement that is based on the signal transition away from the previous
settled state, if a previous settled state is found within the measurement
period.
7 Trigger point indicator An orange line and “T” (which appears below the graph) that indicates the
location of the trigger point in time.
+/- Tolerance indicators A pair of blue horizontal lines that show the tolerance range.
Settled time indicator A blue vertical bar that shows the point on the trace at which the measurement
has determined the signal frequency or phase to be settled.
10 Measurement length indicator A magenta vertical line that specifies the end of the allowed measurement
period. This is a control, not a result.
" Scale Adjusts the horizontal (time) scale of the graph.
12 Clear Restarts multi-trace functions (Avg, Hold) and erases the trace.
13 Function Displays the Detection and Function selections for the selected trace.
(Detection is always +/-Peak for Settling Time measurements.)
14 Show Controls whether the selected Trace is visible or not. When trace is Off, the
box is not checked.
15 Trace Selects a trace. Touching here displays a menu that shows the available

traces and whether they are enabled or not. If you select a trace that is not
currently enabled, it will be enabled.

Measurement Readout Text Color

The measurement readouts can appear in either black text or red text. Measurement results that appear
in black text indicate:

the signal is settled AND

the signal is settled longer than the minimum settled duration AND

the settling time is valid OR the settling time from trigger is valid

If any of the conditions listed are not met, the measurement results text is red.
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Elements of the Frequency Settling Time Graph

The following illustration shows the various indicators that appear in the Frequency Settling Time graph.

Tolerance (+/-)

NS posmmt

il

Settled frequency [ +

-
-

Minimum settled
/ duration

W

AA

0070038

L Frequency settling time

Settling time from trigger

NOTE. The blue vertical bar that indicates the end of the previous settled state may not always appear.
For frequency settling time, this can happen because the starting frequency is outside the measurement
bandwidth.

Elements of the Phase Settling Time Graph

The following illustration shows the various indicators that appear in the Phase Settling Time graph. For
most phase settling time measurements, there is not a previous settled state within the measurement
period, making it impossible to measure the settling time from the previous settled value. However, the
settling time from trigger is typically available.
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Tolerance (+/-)

\{ .

Settled phase

Minimum settled duration

e

Settling time from trigger

0070-38

NOTE. The blue vertical bar indicating the measurement start time may not appear. Zero phase is
referenced to the measured hop, as the phase will not typically have a settled value during the previous hop.

Measuring Settling Time

1.
2.
3.

Select the Displays button.
Select RF Measurements from the Measurements box.

Double-click the Freq Settling icon or Phase Settling icon in the Available displays box. Click OK
to complete your selection.

Select General Signal Viewing from the Measurements box.

Double-click the Time Overview icon in the Available displays box. Click OK to complete your
selection.

Press the front-panel Freq button and use the front-panel keypad or knob to adjust the frequency to
that of the signal you want to measure.
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7. Select the Trig button.

8. In the Trigger control panel, select Triggered. Configure the trigger settings an needed to achieve a
triggered signal.

For the next step in measuring settling time, you must set the starting point of the measurement. To do
this, you will use the Time Overview display.

9. Select the Time Overview display.

10. At the left edge of the graph, drag across the graph to adjust the analysis offset. Adjust the Analysis
Offset to locate the start of the settling time measurement just ahead of the signal transition where
you want to measure the settling time. Any portion of the signal in the gray area will be excluded
from the settling time measurement.

E E]E] 106.194 us +Peak Normal
< 0.00 dBm
o dB/div:

1.40 dB

— W
-14.00 dBm
T

© Position: 0.000 s % Scale: 1.020 ms

Setting the starting point of the settling time measurement

Even if the signal transition is difficult to see on the Time Overview display, you can set the starting
point based on the location of the Trigger indicator below the graph. Or open the Frequency vs. Time
graph to see the frequency transition.

11. Click in the Settling Time display to select it.
12. Select the Settings button to display the Settling Time Settings control panel.

13. On the Define tab, adjust the Meas BW (see page 130) to improve the signal-to-noise ratio as
appropriate. Make sure the bandwidth covers the settled frequency, particularly when the instrument
Measurement Frequency is not locked to the spectrum Center Frequency (Analysis control panel >
Frequency tab).

14. Set the Target reference (see page 130) to Auto or Meas freq as appropriate. If you select Meas freq,
also set Offset to fine-tune the measurement frequency if necessary.

15. Set the Tolerance (see page 131) as required for your measurement.

If your signal must be settled for a period of time before it is considered settled, you can specify a
minimum settled duration for the settling time measurement.
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16. Select the Time Params tab. Adjust the Min settled duration (see page 132) as required.

To get the measurement made in the correct location on the signal, you must adjust the measurement
length. You do this by dragging the magenta line in the Settling Time graph.

17. Drag the measurement length indicator (magenta line) to the correct location on the signal. Choose a
point at which the signal appears to be well settled. The measurement will then find the exact time at
which the signal actually settled to within the specified tolerance.

Note the difference in the settling time in the two illustrations that follow. In both examples, the Target
reference is set to Auto. The only difference is the measurement length, as shown by the magenta line.

¥ Trace 1 [Show Sample Normal Clear

& 2.4503 GHz
»

@ Position:
2.4468 GHz

W— \

Y
2.4433 GHz
L
@ Position: 0.000 s o Scale: 1.025ms
Settling Time: 200.50 us Settled Freq: 2.445308 GHz

from Trigger: 196.93 us

Frequency settling time display before setting the measurement length
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¥ Trace1 [¥IShow Sample Mormal Clear
© 24503 GHz

& Paosition: /
2.4468 GHz

SO

2.4433 GHz

© Position: 20.000 ns © Scale: 374.220 us
Setting Time: 48.40 us Settled Freq: 2.448388 GHz

from Trigger: 44.83 us

Frequency settling time display after setting the measurement length

Settling Time Settings

Application Toolbar: &

Settings tab Description

Define (see page 130) Sets the measurement parameters that characterize the settling time measurement.

Time Params (see page 132) Sets measurement end-time and minimum settled duration parameters.

Mask (see page 133) Enable or disables mask testing and sets the parameters that specify the three zones
used for mask testing.

Trace (see page 133) Specifies trace display characteristics and which traces are displayed.

Scale (see page 153) Sets vertical and horizontal scale and position parameters.

Prefs (see page 154) Specifies whether or not to show certain display elements, the maximum number of points

in the exported trace, and the displayed precision of the settling time measurement.

Settling Time Displays Shared Measurement Settings

The control panel tabs in this section are shared by the Frequency and Phase Settling Time displays. These
control panel tabs are not shared with other RF Measurement displays. With few exceptions, each display
shares values for each of the controls on these tabs. For example, Vertical Scale values are independent for
each of the displays (degrees for Phase Settling Time and Hertz for Frequency Settling Time).
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Common controls for settling time measurement displays

Settings tab Description

Define (see page 130) Specifies the parameters that characterize the settling time measurement.

Time Params (see page 132) Specifies the Measurement length and minimum settled duration for the settling time
measurement.

Mask (see page 133) Specifies the parameters used for Mask testing.

Trace (see page 133

(
(

Specify which traces to show and how they are computed.

)
Scale )

see page 136 Specifies the vertical and horizontal scale settings.

Prefs (see page 137) Specifies display parameters of the Settling Time displays.

Define Tab for Settling Time Displays

130

The Define tab for the Frequency Settling Time measurement controls several parameters that affect
how the measurement is made.

Define | Time Params | Mask | Trace | Scale | prefs |

Meas Freq: 2.44700 GHz Target reference: Offset: |0.0000 Hz

Meas BW: 40,00 MHz Tolerance (+/-1: 500.0 kHz
actual: 40.00 MHz

Meas Freq

Select the frequency of the signal to be measured. Measurement Frequency can be selected as the target
frequency (see Target Reference).

NOTE. If Lock Center Frequency of Spectrum Display to Measurement Frequency is unchecked, then
Measurement Frequency is independent of Center Frequency) Range: Entire input frequency of the
instrument

Meas BW

Target Reference

The target reference is a calculated or user-specified value of final settled frequency within the
measurement period. When set to Auto, the instrument determines this value by averaging at least the last
256 samples at the end of the measurement period. When set to Meas freq, the Target Reference is set to
the Measurement Frequency of the instrument. You can enter a manual offset from the target frequency to
fine-tune the Target Reference when Meas freq is selected.
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Tolerance(+/-)

The Tolerance is the frequency or phase range within which the signal must remain to be considered

settled. This is set as a & value by the user. In the frequency settling time measurement, the tolerance
band is centered about the target value. In the phase settling time measurement, the tolerance band is
centered about the settled phase value.

The target frequency depends on the Target reference value setting:

m  If Target Reference is set to AUTO, then the target value is the settled value (the frequency at which
the signal is considered settled).

m  If Target Reference is set to MeasFreq, then the Target value = Meas Frequency + Offset.

Offset

Offset is used for fine-tuning the Target Reference when Meas freq is selected. The value for Offset is
entered manually.
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Time Params Tab for Settling Time Displays

The Time Params tab is used to set the Measurement length and minimum settled duration parameters.

Defing | Time Params |Mask | Trace | Scale | prefs |

Measurement length: 1.000 ms (from Analysis Offset to End of Measurerment Marker)
actual: 938.4 us

Min settled duration: 0.0000 (from Settled Point to End of Maasurerent Marker)

Measurement Length

Measurement length locates the end of the measurement period for settling time. This value is set
independently of the analysis period for other measurements in the analyzer. This allows other
measurements to display multiple frequency hops during an analysis, while focusing the settling time
analysis on a single hop. You can set the measurement length either by entering a value in the entry box, or
by dragging the magenta bar to the desired location in the graph. Traces and the display to the right of
the measurement time are shown in grey to indicate that this section of the waveform is not being used
in the measurement. If your signal does not settle to within your tolerance band, make sure that the
measurement time ends during the settled portion of the waveform. The beginning of the settling time
measurement is set with the analysis offset control, the same as other measurements in the instrument.
Use analysis offset to exclude earlier hops from the measurement. See Analysis Time (see page 471)
for setting the analysis offset control.

If there is more than one phase or frequency hop in the signal to be analyzed, use the Measurement Length
control to instruct the analyzer which hop to measure. First, adjust the main Analysis Offset control to a
point in time slightly earlier than the transition you wish to measure. Do this in the Time Overview display
or the Analysis Settings control panel. Then adjust the Measurement Length so the end of the Settling Time
measurement falls within the apparent settled period after the signal transition. The reason it is important
for the user to set this control is that the Settling Time measurements start at this point and look backwards
in time (towards the signal transition) to find the latest trace point that is not inside the tolerance band.

NOTE. If your signal does not settle to within your tolerance bands, make sure that the measurement time
ends during the settled portion of the waveform.

Min Settled Duration

The minimum settled duration is the amount of time the signal must remain within the tolerance band to be
considered settled. Some user specifications require that the signal be settled for a minimum period. If this
is not required in your application, set this value to the default of 0 seconds.
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Mask Tab for Settling Time Displays

The Mask tab is used to specify the parameters used for Mask testing.

| Define ITime Params | Mask |Trace IScaIe IPrefs |

Mask time reference Tirme Lirnit (+4-)
Start 1@ 0.0000 = 500.0 kHz
[ Enable mask test @ Trigger
Start 20 100.0 us 500.0 kHz
() Signal transition Start 3; 1.000 ms 500.0 kHz
Stop: 13.18 ms

Enable Mask Test

Enables or disables mask testing.

Start 1, 2, 3

Sets the starting point for the time zone of interest. If you don't want to use all three zones, set the Start
Time for the unneeded zones to a time after the end of the Measurement Length.

Stop

Sets the end point for the final time zone of interest.

Limit (+/-)

Sets the mask violation limits for each time zone.

Mask Time Reference

When mask testing is enabled, the Mask time reference selection specifies the starting point of the mask.
You can choose to start the mask test at the trigger point or at the point on the trace where the signal began
its transition from its previous settled frequency or phase level to the level you intend to measure.

This capability is useful because some applications do not have a trigger signal available. For those
situations where a trigger signal is available, the specification for the device-under-test may require
that measurements be referenced to that signal.

Trace Tab for Settling Time Displays

The Traces Tab allows you to set the display characteristics of displayed traces.
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| Cefine | Tirme Params I Mask | Trace |Scale | Prefs |

a S(n;girojifsws 2 Trace: |Trace 1 = [V Show [CIFresze
Average: —
O (count) 2 LJ
| Save Trae As.. |
Smooth

Smooth is a low-pass filter function that uses n points in the trace to determine the smoothed value. For
example, in the case of n=3, 3 consecutive points are averaged to determine the result of the smoothed
output. This is very useful for single-shot signals that contain significant noise where multiple trace
averages cannot be used. However, smoothing does have limits, and the user should visually determine
whether smoothing is removing noise from the measurement, or if it is affecting the signal. The following
illustration shows the effect smoothing has on the displayed trace.

Smooth — off Smooth — 3

0070-0:

The range for the Smooth function is 2—1000. The setting resolution is 1. The knob increments this value
by 1, and the arrow keys increment it in steps of 1, 2, 5, 10. When smoothing is enabled, it applies
to both traces. Smooth is turned off by default.

Average

This sets the number of acquisitions to be averaged together to produce the result. Averaging reduces
random variations but maintains the correct waveshape for repeating signal aberrations. To use averaging,
the signal must be repetitive. For example, the tuning direction must always be same for each measurement
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to be averaged. Signals that vary in tuning direction will tend to average positive-going effects with
negative-going effects and the settling time characteristics will cancel out.

The range for the Average function is 2—10000. The resolution is 1. The knob increments this value by
1, and the arrow keys increment it in steps of 1, 2, 5, 10. When averaging is enabled, it applies to both
traces. Average is turned off by default.

Trace

Selects a trace for display. Choices are Trace 1 and 2. Either trace can be a recalled trace.

Saving Traces

To save a trace for later analysis:

1. Seclect the Save Trace As button. This displays the Save As dialog box.
2. Navigate to the desired folder or use the default.

3. Type a name for the saved trace and click Save.

Recalling Traces

You can recall a previously saved trace for analysis or comparison to a live trace.

To select a trace for recall:

1. Select the trace into which the recalled trace will be loaded, from the Trace drop-down list.
2. Check the Show check box.

3. Click the ... button to display the Open dialog box.

(-]

4. Navigate to the desired file and click Open.
5. Check the Show Recalled Trace check box.

6. Verify that the trace's Show check box is selected (either on this tab or next to the drop-down list
located at the top-left corner of the graph).
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Scale Tab for Settling Time Displays

136

The Scale tab allows you to change the vertical and horizontal scale settings. Changing the scale settings
changes how the trace appears on the display but does not change control settings such as Measurement
Frequency. In effect, these controls operate like pan and zoom controls.

| Define | Time Params I Mask | Trace | Scale |F‘refs |

Wertical

Scale:

Pasition:

7.0000 MHz

-200.00 kHz

Relative Freq Autoscale

Horizontal

Scale: 1020 nw

Position:  SX.6802 Lg

Auto Autoscale

Setting Description
Vertical
Scale Changes the vertical scale or span of the graph.
Position Sets the frequency (or phase) at the vertical center of the graph.

Relative Freq

Sets the vertical (position) display readouts to show frequency values relative to the
center frequency or as absolute values.

Autoscale Resets the Scale and Position to center the trace in the graph.
Horizontal

Scale Sets the range of time shown in the graph.

Position Allows you to pan the graph left and right.

Autoscale Resets Scale and Position to the automatically determined settings.
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Prefs Tab for Settling Time Displays

The Prefs tab allows you to change display parameters of the Settling Time displays.

| Define ITime Params | Mask | Trace IScaIe | Prefs |

Max trace points: | 100K M

Shiowe graticule Shiowe Marker readout in graph (selected rmarker)

Settiing Time decimal places: 2

The following table explains the controls that can appear on the Prefs tab.

Setting Description
Max trace points Sets the number of trace points used for marker measurements and for results export.
Show graticule Select to display or hide the graticule.

Show Marker readout in graph Shows or hides the readout for the selected marker in the graph area.
(selected marker)

Settling Time decimal places Specifies the precision of the settling time measurement readout that appears below the

graph. This setting does not affect the precision of internal calculations.

SEM Display

The SEM (Spectrum Emission Mask) display measures out-of-band emissions immediately outside the
channel bandwidth that result from the modulation process and non-linearity in the transmitter. The
Spectrum Emission Mask display allows you to define up to six pair of masks, or offsets, that specify the
limits for out-of-band emissions and performs a pass/fail tests of the signal against the defined offsets
and limits.

To show the Spectrum Emission Mask display:

1.
2.
3.

Select Displays or select Setup > Displays.
In the Select Displays dialog, select RF Measurements or WLAN Analysis in the Measurements box.

In the Available displays box, double-click the SEM icon or select the icon and click Add. The SEM
icon will appear in the Selected displays box and will no longer appear under Available displays.

Click OK to show the Spectrum Emission Mask display.
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Elements of the Display

Item Display element Description

1 Check mark indicator Indicates the display for which the acquisition hardware is optimized.

NOTE. When Best for multiple windows is selected in the Amplitude control
panel's RF & IF Optimization control, none of the measurement displays
shows a checkmark, as there is not a single optimized measurement.

Top-of-graph setting Sets the level that appears at the top of the graph.
dB/div Sets the vertical scale value. The maximum value is 20.00 dB/division.
Bottom-of-graph readout Indicates the amplitude at the bottom of the graph. This value changes with
the dB/div and Vertical Position settings.
5 Autoscale Properly offsets the peak of the display from the top of the screen.

If the screen has been enlarged through a manual vertical (dB/div) setting
entry, the view is not vertically rescaled when Autoscale is used.

6 CF / Pos Default function is CF - center frequency (equivalent to the Measurement
Freq setting). If Horizontal scaling has been manually adjusted in Setup >
Settings > Scale, then Pos replaces CF as the setting at the bottom-left
corner of the screen. Adjusting Pos shifts the trace left or right in the graph,
but does not change the measurement frequency.

7 Span / Scale Default function is Span - frequency difference between the left edge of
the display and the right edge. If Horizontal scaling has been manually
adjusted in Settings > Scale, then Scale will replace Span as the setting at
the bottom-right corner of the screen.

Clear Erases the current results from the display.
Function readout Readout of the Function selection for the Reference channel (Setup >
Processing > Function).
Spurious
10 Detection readout Readout of the Detection selection for the Reference channel (Setup >
Processing > Detection).
" Pass / Fail readout Readout indicating whether any part of the trace has exceeded the any of

the limits defined in the Offsets & Limits table (Setup > Settings > Offsets
& Limits Table).

Pass / Fail Readout

This readout displays either Pass or Fail XX%. When the signal exceeds the mask in any offset, it is
considered a mask violation, and results in Fail XX% being displayed. If there are no mask violations,
Pass is displayed.

How the fail percentage is determined. Each offset has two sides, one lower and one upper. For example,
Offset A has two sides: AL (lower side) and AU (upper side). In the SEM display, there is a maximum of
six offsets (A-F) and each offset can have a maximum of two sides (if Both is selected for Side in the Offsets
& Limits table). This results in a total of six offsets multiplied by two sides per offset, which results in 12
offsets. Mask violations can occur in any of these offsets. The failure percentage is calculated as follows:

Fail percentage = Number of offsets with mask violations x 100 / Total number of enabled offsets

RSAS5100A Series Printable Help 139



RF Measurements

140

SEM Display

For example: Assume there are three enabled offsets: A, B, C, and all these offsets have both lower and
upper sides. Thus, the total number of enabled offsets is equal to six. Suppose there are mask violations

in the offsets AL and CU, then the number of offsets having mask violations is equal to 2. Therefore,
Fail percentage =2 * 100 / 6 = 33%.

Results Display

The Results Display shows the measurement results for the SEM display.

Ref: Total Power

-16.93 dBm

Row

Offset

EL
DL
oL
BL
a
AU
BU
cu

Start Freq

12.500 MHz

-8.000 MHz
4,000 MHz
3515 MHz
2715 MHz
2515 MHz
2715 MHz
3.515 Mz

Stop Frea

-8.000 MHz
4,000 MHz
3515 MHz
2715 MHz
2515 MHz

2715 MHz
3515 MHz
4,000 MHz

Peak Abs

{dBm)

7383
7317
5763
8777
7018
7073
8766
-88.01

Margin Abs Peak Rel Margin Rel Iteg Abs ~
(d8) (dBo) @8) G =)

dBm)
6233 51.81 - 010000 MHz | 68.44
5167 5116 - 7460000 MHz | 6761
8313 -108.62 - 3968424 MKz | 7711
7517 -105.76 - 2722000MHz |75.14
57.68 88,16 - 2515000 MHz | 7074
5823 87.67 - 2515000MHz | 7054
67.24 10459 - 3243000MHz | 7472
-63.51 -108 - 3976356 MHz | -77.04

Readout Description

Ref: A two-part readout to the left of the table that displays information about the
Reference Channel. The first part of the readout displays the Measurement Type
selected on the Parameters tab. The second part of the readout displays the
measurement result for the Reference channel.

Row A sequence number for ordering the offsets. Click to organize by row number,
resort rows from high to low or low to high.

Offset The Offset name. A combination of the offset (A-F) and the location (U for upper
and L for Lower).

Start Freq The start frequency of the offset (relative to the Measurement Freq).

Stop Freq The stop frequency of the offset (relative to the Measurement Freq).

Peak Abs Absolute power peak power at worst case margin of the offset

Margin Abs The worst case difference between the trace and the absolute limit line. Note that
an offset can have different start and stop levels, thus, the margin can vary if the
offset start and stop levels are different.

Peak Rel Relative peak power of worst case margin of the offset. Relative with respect
to the reference power level.

Margin Rel The worst-case difference between the trace and the relative limit line. Because
an offset can have different start and stop levels, the margin can vary if the offset
start and stop levels are different.

@Freq The frequency at which the worst margin occurs.

Integ Abs The absolute integrated power of the offset.

Integ Rel The relative integrated power of the offset (with respect to the reference power).

Reordering results in the results table. You can sort the results in the Results table by clicking the column
heading containing the values you want to sort on. You can sort results for the following columns: Row,

Offset, Start Frequency, Stop Frequency, Peak Abs, and Peak Rel.
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Rearranging columns in the results table. You can rearrange the order of the columns and their size. To
rearrange columns, select the column heading you want to move and drag it to the new position; the new
location is indicated by a dark blue bar that appears between column headings.

You can resize the columns by selecting the divider between columns and dragging it to a new position.

Spectrum Emission Mask Settings

Application Toolbar: &

The settings for the Spectrum Emission Mask display are visible when SEM is the selected display. To
display the SEM Settings, select Setup > Settings.

Settings tab Description
Parameters Tab (see Specifies several characteristics that control how the measurement is made.
page 142)

Processing Tab (see page 143) Specifies settings for detection on the Reference channel and the offsets. Specifies
the function setting.

Ref Channel Tab (see Specifies how the measurements on the reference channel are performed.

page 144)

Offsets & Limits Table (see Specifies characteristics of offsets and mask limits.

page 144)

Scale Tab (see page 147) Specifies the vertical and horizontal scale settings.

Prefs Tab (see page 148) Specifies the appearance features of the graph area and the maximum trace points.
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Parameters Tab - SEM

The Parameters tab specifies several characteristics that control how the Spectrum Emission Mask
measurements are made.

Setting Description
Meas Freq Specify the frequency of the signal to be measured.
Step Sets the increment size when changing the Frequency using the knob or mouse wheel.
Auto When Auto is enabled, the step size is adjusted automatically based on the span setting.
Real-Time When Real-Time mode is enabled, the entire SEM span is measured using a
real-time/contiguous acquisition. Not all described parameters are available in Real-Time
mode.
Measurement Type Specifies the type of measurement for the reference channel; used as a reference for
the offsets.
Total Power Sets the reference to the integrated power of the reference channel within the reference's
integration bandwidth.
PSD Sets the reference to the mean of the power spectral density (dBm/Hz) of the reference
channel. The trace and the absolute and relative limits line are also in dBm/Hz
Peak Sets the reference to the Peak power of the reference channel.
Offset definition Defines the relative position of the start/stop frequency of an offset. Choose the offset
definition based on the standard.
Ref center to OS center Specifies that the start/stop frequencies are defined from the center frequency of the
reference channel to the center of the filter BW.
Ref center to OS edge Specifies that the start/stop frequencies are defined from the center frequency of the
reference channel to the center of the (inner) edge of the filter BW of the offset.
Ref Edge to OS center Specifies that the start/stop frequencies are defined from the edge of the reference
channel to the center of the filter BW of the offset.
Ref Edge to OS edge Specifies that the start/stop frequencies are defined from the edge of the reference

channel to the (inner) edge of the filter BW of the offset.

Filter Shape Specifies the shape of the filter determined by the window that is applied to the data
record, in the spectrum analysis, to reduce spectral leakage. 3GPP specifies a Gaussian
window shape be applied to the reference channel measurements.

Gaussian This filter shape provides optimal localization in the frequency domain.

Rectangular This filter shape provides the best frequency, worst magnitude resolution. This is
essentially the same as no window.
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Processing Tab - SEM

The Processing tab controls the Detection settings for the Reference Channel and Offsets, as well as
selecting the Function.

Parameters | Processing | Ref Channel | Offsets & Limits Table | Scale | Prefs

Detection (in each record) Function (across multiple records)
Ref Channel: | Avg (WRMS) - |Nclrrnal '|

Offsets: | Awvg (VRMS) -

Processing settings affect all SEM numetric and trace results,

Settings tab Description

Detection (in each sweep)

Ref Channel Specifies the Detection method used for the Reference Channel. Detection is used to
produce the desired measurement result (peak or average) and to reduce the results
of a measurement to the desired number of trace points.

Avg (VRMS) For each sweep, each point of the trace is the result of determining the RMS voltage
value for the last 'n counts' of the collected traces for the same point. When 'n count' has
not been reached, partial averaging results are displayed.

+Peak Selects the +Peak detection method. With this method, the highest value is selected from
the results to be compressed into a trace point.
Offsets Specifies the detection method used for the offsets.
Avg (VRMS) Selects the Average Vrms detection method. With this method, each point on the trace

in each offset is the result of determining the RMS Voltage value for all of the results
values it includes.

+Peak Selects the +Peak detection method. With this method, the highest value in each offset is
selected from the results to be compressed into a trace point.

Function (across multiple sweeps)

Function Selects the trace processing method. Available settings are: Normal, Avg (VRMS),
and Hold.
Normal When a new trace has been computed, it replaces the previous trace.
Max Hold With each sweep, each trace point in the new trace is compared to the point’s value in

the old trace and the greater value is retained for display and subsequent comparisons.

Avg (VRMS) For each sweep, each point on the trace is the result of determining the RMS Voltage
value for all of the collected traces' values for the same point.
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Ref Channel Tab

The Ref Channel tab controls how the measurement of the Reference channel is performed.

| Parameters | Processing | Ref Channel | offsets & Limits Table | Scale [ prefs |

Paorerer
Reference:  -10.02 cgm

REMWY: 100,000 kHz

wBWy: 30,000 kHz

ALto Channel width: Channel Filter:
8.500 MHz [RDDt-raised Cosine A
Inteqgration BW: Filter param:  0.220
2,125 MHz

Chip rate:  2.84 MHz

Settings tab Description
Power Reference The value used to calculate relative measurements.
Auto When Auto is unchecked, you can enter a value for the reference power, and the
measured reference power is not used or displayed
RBW Sets the RBW for the Reference Channel.
VBW Enables/disables the Video Bandwidth filter. VBW is used in traditional swept analyzers

to reduce the effect of noise on the displayed signal. The VBW algorithm in the analyzer
emulates the VBW filters of traditional swept analyzers. When the checkbox next to
VBW is not checked, the VBW filter is not applied. SEM standards specify what value of
VBW should be applied, if any.

Channel width

Specifies the width of the reference channel.

Integration BW

Specifies the integration bandwidth used to compute the total power in the reference
channel.

Channel Filter

Specifies the measurement filter used in the Reference Channel. Choices are None
and Root-raised Cosine.

Filter param Specifies the alpha value (or roll-off factor) of the Root-raised cosine filter. Present only
when Channel Filter is set to Root-raised Cosine.
Chip rate Specifies the chip rate used for the Root-raised Cosine filter. Present only when Channel

Filter is set to Root-raised Cosine.

Offsets & Limits Table Tab - SEM

The Offsets & Limits Table tab is used to specify parameters that define Offsets and masks.

144
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Offsets & Limits Table Tab - SEM

a5 Offsets & Limits Table

on Start {Hz)

B 5.000000m
+

11.0000001
20.000000M
| 30.000000M
50,000000M
100,000000M

TMm oA ®E
=

Stop (Hz)

11.000000r
20.0000000
30.0000000
50.0000000
100,000000M
150,000000M

Side

Both
Both
Bath
Bath
Both
Both

REW (Hz)

100,000k
100,000k
100,000k
100,000k
100,000k
100,000k

n
(REWs)

Filter Bl
in x RBW)

100,000k,
100,000k,
100,000k,
100,000k,
100,000k,
100,000k,

B (He)

30,000k
30,000k
30,000k
30,000k
30,000k
30,000k

VBN

N

1111

Rel
Rel
Rel
Rel
Rel
Rel

Mask

[E= [Eel )
Reset layout
Load...
Save &s...

Done

Expanded display of Offsets & Limits Table
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Offsets & Limits Table Tab - SEM

Setting Description
Buttons
Expand Displays the Offsets & Limits Table in a new, resizeable window.

Reset Layout

You can reorder columns in the Offsets & Limits Table by dragging the columns to a new
position. Clicking Reset Layout returns the column order to the factory default order.

Load Click to load a saved Offsets & Limits table from a file.
Save As Click to save the current Offsets & Limits table to a file.
Done When the table is expanded, click Done when you have finished editing the table to save

your changes and close the expanded table display.

Table columns

On

Specifies whether or not measurements are taken in the specified offset.

Start (Hz) Start Frequency of the selected offset.

Stop (Hz) Stop Frequency of the selected offset.

Side Specifies whether the specified range appears on both side of the carrier frequency or
just one side (left or right).

RBW (Hz) Specifies the RBW for the selected range.

n (RBWS) An integer value that specifies how many times to multiply the RBW to set the Filter

bandwidth.

Filter BW (n x RBW)

Displays the Filter BW. Filter BW is the equivalent BW of each point in the offset. When
n > 1, an integration technique is used to achieve the Filter BW using narrower RBWs.
For most SEM measurements, this value is set to 1. The 3GPP standard suggests n
greater than 1.

VBW (Hz) Adjusts the VBW (Video Bandwidth) value. VBW Maximum: RBW current value; VBW
Minimum: 1/10,000 RBW setting.

VBW On Specifies whether the VBW filter is applied.

Mask Select the type of limits used for Pass/Fail testing. Signal excursions that exceed the
mask settings are considered violations. The available choices are shown below.

Abs Start (dBm) Specifies the mask level at the inner edge of the selected offset.

Abs Stop (dBm) Specifies the mask level at the outer edge of the selected offset.

Abs Same Specifies whether the value for the inner and outer edges of the offset must be the same

value. When enabled, the Abs Stop cell is grayed-out and set to the value of the Abs
Start cell.

Rel Start (dBm)

Specifies the mask level for the Relative mask at the inner edge of the selected offset.

Rel Stop (dBm)

Specifies the mask level for the Relative mask at the outer edge of the selected offset.

Rel Same

Specifies whether the inner and outer edges of the offset must be the same value.
When enabled, the Rel Stop cell is grayed-out and its value is set to the value of the
Rel Start cell.
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Scale Tab - SEM

Use the Scale tab to change the vertical and horizontal scale settings. Changing the scale settings changes
how the trace appears on the display. In effect, these controls operate like pan and zoom controls.

| Parameters | Processing | Ref Channel | Offsets & Limits Table| Scale |F‘refs |

Wertical

Sraler 100,00 dB

Pasition:  0.00 dBm

Horizontal

Srale:  100.0 MHz

Reset Scale Paosition:  1.5000 GHz

 Autoscale | | Autoscale |

Setting Description
Vertical Controls the vertical position and scale of the trace display.

Scale Changes the vertical scale units.

Position Adjusts the reference level away from top of the graph.

Autoscale Resets the scale of the vertical axis to contain the complete trace.
Horizontal Controls the span of the trace display and position of the trace.

Scale Specifies the frequency range displayed in the graph

Position Specifies the frequency shown at the center of the graph.

Autoscale Resets the scale of the horizontal axis to optimize the display of the trace.
Reset Scale Resets all settings to their default values.
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Prefs Tab - SEM

The Prefs tab enables you to change parameters of the measurement display. The parameters available on
the Prefs tab vary depending on the selected display, but include such items as enabling/disabling Marker
Readout, switching the Graticule display on/off, and Marker Noise mode. Some parameters appear with
most displays while others appear with only one display.

| Pararneters | Processing I Ref Channel | Offsets & Limits Tahlel Scale | Prefs |

Shiowe graticule

Max Trace points: 801 | (per range)

[¥] Shiowe Marker readout in graph (selected marker)

Show limits: | Line anly -

Setting

Description

Show graticule

Controls the vertical position and scale of the trace display.

Max Trace points (per range)

When the spectrum analysis produces more than the selected maximum number of
points, the method specified in Detection control is used to decimate the result. This
setting applies to both the Reference channel and offsets.

Show Marker readout in graph

Adjusts the reference level away from top of the graph.

Show limits Controls the appearance of mask limits in the graph.
Shaded Shows limits using a shaded area. Green shading is used to identify Absolute limits. Blue
shading is used to indicate Relative limits.
Line only Shows limits using only a line. A green line is used to identify Absolute limits. A blue line
is used to indicate Relative limits.
None No lines or shading are used to indicate limits in the graph. Violations of the mask are still

identified by red shading.

RF Measurements Shared Measurement Settings

The control panel tabs in this section are shared by multiple displays in the RF Measurement folder (Setup
> Displays). With few exceptions, each display maintains separate values for each of the controls on these
tabs. For example, Scale values are independent for each of the displays.
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Common controls for RF measurement displays

Settings tab Description

Freq & RBW (see page 149) Allows you to specify the Center Frequency, Step size and RBW.

Traces (see page 150) Specifies trace parameters such as detection method and whether smoothing is enabled.
Traces can also be saved and loaded for reference from this tab.

Scale (see page 153) Specify vertical and horizontal scale settings.

Prefs (see page 154) Specify appearance features of the graph area.

Freq & RBW Tab

The Freq & RBW tab specifies frequency parameters for some of the RF Measurements displays.

Freq & REW | Measurement Params | channels | Scale | Prefs |
Meas Freq: 1.00000 GHz REWY:  30.000 bz Auto
Step: 20000 Mz Auto [T] wEw:
Setting Description
Meas Freq Specifies the measurement frequency.
Step
RBW Select Auto or Manual. Adjusts the RBW for the entire measurement. This setting is
Independent of the Spectrum view's RBW setting.
VBW Adjusts the VBW (Video Bandwidth) value.

NOTE. While the measurement frequency and step settings on this control tab are shared between ACPR,
MCPR and Occupied Bandwidth, the RBW setting is not shared. The RBW setting is unique for each
measurement.

VBW

The VBW setting enables/disables the Video Bandwidth filter. VBW is used in traditional swept analyzers
to reduce the effect of noise on the displayed signal. The VBW algorithm in the analyzer emulates the
VBW filters of traditional swept analyzers.

The maximum VBW value is the current RBW setting. The minimum VBW value is 1/10,000 of the
RBW setting.
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Traces Tab

The Traces tab enables you to select traces for display. You can choose to display live traces and/or
recalled traces. The Trace tab (see page 133) for Settling Time displays is described in the Settling Time

controls section.

NOTE. Not all RF Measurements support multiple traces and/or save and recall of traces.

Parameters | Traces |prefs |

Trace: |Trace 1 - [¥] shany [ClFreeze Save Trace As...
Setting Description
Trace Selects a trace for display. Choices are Trace 1, 2, and Gaussian (CCDF display only).
Trace 1 and 2 can be recalled traces.
Show Shows / hides the selected trace.
Freeze Halts updates to the selected trace.

Save Trace As

Saves the selected trace to a file for later recall and analysis.

Show recalled trace

Used to select a saved trace for display.

Detection (Phase Noise only)

Sets the Detector used for the trace. Only +/- Peak and Avg (VRMS) are available for the
Phase Noise display. This setting is not available for saved traces. +/-Peak detection
results in a trace with two Y values for each X location, with shading between.

Function

Selects the trace processing method (Spurious display only). Possible settings are:
Normal, Average (VRMS), Avg (of logs), and Max Hold.

Smoothing (Phase Noise only)

When enabled, diminishes point-to-point trace variations. Smoothing +/- Peak traces
treats + and - lines independently. The smoothing value adjusts how many points are in
each filter set. Range: 1 - 20; Default: 5.

Smooth: (points)
Average: (count)

Available for Phase and Frequency Settling Time displays only.

Smooth is a low-pass filter function that uses n points in the trace to determine the
smoothed value.

Average sets the number of acquisitions to be averaged together to produce the result.
See Trace Tab for Settling Time Displays (see page 133) for complete details.

Trace Processing

The trace can be processed to display in different ways. The Function setting controls trace processing.
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B Max Hold - Displays the maximum value in the trace record for each display point. Each new trace
display point is compared to the previous maximum value and the greater value is retained for display
and subsequent comparisons.

®  Normal - Displays the trace record for each display point without additional processing.

B Avg (VRMS) [Average Vrus] — Each point on the trace is the result of determining the RMS Voltage
value for all of the IQ samples available to the trace point. When displayed in either linear (Volts,
Watts) or Log (dB, dBm), the correct RMS value results. When the averaging function is applied to a
trace, the averaging is performed on the linear (Voltage) values, resulting in the correct average
for RMS values.

m  Avg (of logs) — This is a trace function used to emulate legacy spectrum analyzer results and for the
specification of displayed average noise level. In older swept analyzers, a voltage envelope detector is
used in the process of measuring signal level, and the result is then converted to Watts and then to
dBm. Averaging is then applied to the resultant traces.

For CW signals, this method results in an accurate power measurement. However, with random noise
and digitally modulated carriers, errors result from this 'average of logs' method. For random noise,
the average of logs methods results in power levels -2.51 dB lower than that measured with a power
meter, or with a spectrum analyzer that measures the rms value of a signal, and performs averaging on
the calculated power in Watts and not dBm or other log-power units.

This detector should be used when following a measurement procedure that specifies it, or when
checking the Displayed Averaged Noise Level (DANL) of the instrument. The 'average of logs'
detection and trace function is used for DANL specification to provide similar results to other
spectrum/signal analyzers for comparison purposes. Use of the Average of Logs method of
measurement is not recommended for digitally modulated carriers, as power measurement errors
will occur.

NOTE. The Detection setting does not affect the trace until the spectrum length is longer than the Auto
setting.

Saving Traces

To save a trace for later analysis:

1. Select the Save Trace As button. This displays the Save As dialog box.
2. Navigate to the desired folder or use the default.

3. Type a name for the saved trace and click Save.

Recalling Traces
You can recall a previously saved trace for analysis or comparison to a live trace.

To select a trace for recall:
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1. Select the trace into which the recalled trace will be loaded, from the Trace drop-down list.
2. Check the Show check box.
3. Click the ... button to display the Open dialog box.

]

1. Navigate to the desired file and click Open.
2. Check the Show Recalled Trace check box.

3. Verify that the trace's Show check box is selected (either on this tab or next to the drop-down list
located at the top-left corner of the graph).

Gaussian Trace

The Gaussian trace is a reference trace that you can compare your trace against. Because the Gaussian
trace is for reference, there are no settings for the trace other than whether or not it is shown.

| Parameters | Traces |Prefs |

Trace: |Gaussian hd [C] shan
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Scale Tab

The Scale tab allows you to change the vertical and horizontal scale settings. Changing the scale settings
changes how the trace appears on the display but does not change control settings such as Center Frequency.

| Freq & RBWl Measurement Params I Channels | Scale |F‘refs |

Wertical

Sraler 100,00 dB

Pasition:  0.00 dBm

Horizontal

Srale:  39.00 MHz

Reset Scale Paosition:  1.50000 GHz

 Autoscale | | Autoscale |
Setting Description
Vertical Controls the vertical position and scale of the trace display.

Scale Changes the vertical scale units. This is only accessible when the vertical units are
set to dBm.

Offset Adjusts the Reference Level away from the top of the trace display.

Autoscale Resets the scale of the vertical axis to contain the complete trace.

Horizontal Controls the span of the trace display and position of the trace.

Scale Allows you to, in effect, change the span.

Offset Allows you to pan a zoomed trace without changing the Measurement Frequency. Offset
is only enabled when the span, as specified by Freq / div, is less than the acquisition
bandwidth.

Autoscale Resets the scale of the horizontal axis to contain the complete trace.

Log (Spurious only)

Resets the display to show the frequency axis in a logarithmic scale.
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Prefs Tab

The Prefs tab enables you to change parameters of the measurement display. The parameters available on
the Prefs tab vary depending on the selected display, but include such items as enabling/disabling Marker
Readout, switching the Graticule display on/off, and Marker Noise mode. Some parameters appear with
most displays while others appear with only one display.

Freq & Span | B

Show: | Start, Stap A

V| Showe graticule

| Show trace legend

Setting

Traces | Scale | Prefs

Trace points: |801 -

V| Show Marker readout in graph (selected marker)

Marker Moise mode (Requires dBrm Ampl units and
Average trace detect)

Description

Show graticule

Shows or hides the graticule.

Show Marker readout in graph
(selected marker)

Shows or hides the readout for the selected marker in the graph area.

Max trace points

In general, time-domain traces can include up to 100K points and frequency-domain
traces can include up to 10K points. When the analysis produces a results array longer
than the selected trace length, the trace is decimated (using the method specified with
the Detection control) to be equal to or less than the Max trace points setting (except
when Max trace points is set to Never Decimate). This decimated (or undecimated) trace
is what is used for marker measurements and for results export.

Settling Time decimal places
(Frequency and Phase Settling
Time displays only)

Specifies the number of decimal places shown in the results readout below the graph.
This setting does not affect the precision of internal calculations.

Show trace legend (CCDF
(Complementary Cumulative
Distribution Function) display
only)

Displays or hides the trace legend.
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WLAN Overview

The WLAN Analysis option allows you to evaluate WLAN signals, performing standards based
transmitter measurements in the time, frequency, and modulation domains. WLAN measurements can
be made on signals defined by 802.11a/b/g/j/n/p (standard IEEE 802.11-2012) and 802.11ac (draft [IEEE
P802.11ac-D4.0 or later). User controls allow you to modify signal parameters for analysis of signals.
The analysis results give multiple views of WLAN signal characteristics to allow the diagnosis of signal
imperfections and impairments quickly and easily. Display controls allow you to selectively display the
analysis results to help locate trouble-spots in the signal.

WLAN Standards

The following options support the given standards:

B Option SV23: Supports IEEE 802.11a, g, j, and p OFDM signals and 802.11b DSSS/CCK signals
®  Option SV24: Supports IEEE 802.11n signals with bandwidths of 20 MHz and 40 MHz

B Option SV25: Supports IEEE 802.11ac signals with bandwidths of 20, 40, 80, and 160 MHz

WLAN Standards Presets

The Standards Presets button located on the WLAN Settings Control Panel allows you to recall
preconfigured displays for the standards and bandwidths that you select. You can also access these presets
from Presets on the display menu bar. You can read more information about the Standards Presets (see

page 20).

The following table shows the center frequency and displays that are automatically loaded for each of the
listed standards and bandwidths. SEM masks are also loaded and are explained here (see page 261).
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WLAN Overview

Table 1: WLAN presets standards, bandwidths, center frequencies, and displays

Center

Bandwidth frequency
Standard (MHz) (GHz) Displays loaded
802.11a 20 5.18 SEM, Time Overview, WLAN Constellation, WLAN
802.11g 20 2.412 Summary
802.11j 10 5.18

20
802.11p 5 5.8

10

20
802.11n 20 2412

40
802.11ac 20 5.18

40 5.19

80 5.21

160 5.25
802.11b 2412

SEM mask parameters. The SEM wireless standard masks that are applied to the WLAN signal depend on
the standard you select when you configure the preset. Once you select a standard and bandwidth, the
application will automatically load the mask that best fits the signal for which the standard applies. All
mask parameters are derived from IEEE standards and loaded for you. This provides you the assurance
that you are evaluating the signal with the most appropriate mask.

WLAN Displays

The displays in WLAN Analysis (Setup > Displays > Measurements) are:

SEM (see page 137)

WLAN Channel Response (see page 157)

WLAN Constellation (see page 160)

WLAN EVM (see page 162)

WLAN Magnitude Error (see page 164)

WLAN Phase Error (see page 166)

WLAN Power versus Time (see page 168)

WLAN Spectral Flatness (see page 171)
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®  WLAN Summary (see page 173)

B WLAN Symbol Table (see page 178)

WLAN Channel Response Display

The WLAN Channel Response display plots the channel response (magnitude and phase) versus the
subcarrier or frequency. Here, the channel refers to all sources of signal frequency response impairment up
to the analyzer input, including the transmitter itself, as well as any transmission medium through which
the signal travels between the transmitter and the analyzer.

NOTE. WLAN Channel Response is only available for OFDM (non-802.11b) signals.

To show the WLAN Channel Response display:
1. Press the Displays button or select Setup > Displays.
2. In the Select Displays dialog, select WLAN Analysis in the Measurements box.

3. In the Available displays box, double-click the WLAN Chan Response icon or select the icon and
click Add. The WLAN Chan Response icon will appear in the Selected displays box and will no
longer appear under Available displays.

Click OK to show the WLAN Chan Response display.
Set the Frequency appropriate for the signal.

Select Setup > Settings to display the control panel.

xS 0 s

Select the Modulation Params tab. Set the Standard, Guard Interval, Subcarrier Spacing, and
Bandwidth controls as appropriate for the input signal.
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Item

Display element

WLAN Channel Response Settings

Description

1

Magnitude graph (top graph)

1a Top of graph Sets the level that appears at the top of the magnitude graph. This
is only a visual control for panning the graph. The Reference Level
is adjusted in the Toolbar and the Ampl control panel. By default, Vert
Position = Ref Level.

1b Position (dB) Sets the vertical position value. The maximum value is 20.00 dB. The
readout indicates the subcarrier (for non-b standards only) or frequency
shown at the bottom of the display.

1c Bottom of graph readout Indicates the magnitude at the bottom of the top graph. This value
changes with the dB and vertical Position settings.

2 Phase graph (bottom graph)

2a Top of graph Sets the phase value indicated at the top of the graph. Since the Position
value at the vertical center of this graph remains constant as the Top of
Graph value is adjusted, the Vertical Scale increases as the Top of Graph
value increases, which also affects the bottom of graph readout.

2b Position (°) Specifies the phase shown at the center of the graph display. Changing
this value moves the trace up and down in the graph, which affects the
Top of Graph and Bottom of Graph values as well.

2c Bottom of bottom graph Indicates the phase at the bottom of the bottom graph. This value

readout changes with the Position setting.

3 Autoscale Adjusts the Vertical and Horizontal scaling to optimize the trace display
on screen.

4 Start (Position) Shifts the trace left or right in the graph. The readout indicates the
subcarrier (for non-b standards only) or frequency shown at the left
edge of the display.

5 Stop (Scale) Specifies the number of subcarriers (for non-b standards only) shown

in the graph.

WLAN Channel Response Settings

The WLAN Channel Response Settings control panel provides access to settings that control parameters of
the Channel Response Display.

Settings tab

Description

Modulation Params (see

page 181)

Specifies the input signal standard and additional user-settable signal parameters.

Analysis Params (see

page 182)

Specifies parameters used by the instrument to analyze the input signal.

Data Range Tab (see
page 184)

Specifies which symbols and subcarriers of the signal to display.

Analysis Time Tab (see

page 185)

Specifies parameters that define the portion of the acquisition record that is used for
analysis. Also allows you to specify the time units (Symbols or Seconds) for WLAN
Analysis displays.
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Settings tab Description

Traces Tab (see page 186) Enables you to select from magnitude or phase trace, save a trace, and recall an trace
Scale Tab (see page 187) Specifies the Zoom scale, and vertical and horizontal positions of the display.

Prefs Tab (see page 190) Specifies the units of the display and whether elements of the graphs are displayed.

WLAN Constellation Display

160

The WLAN Constellation Display shows the WLAN signal modulation amplitude and phase in |
(horizontal) versus Q (vertical) form. For multicarrier WLAN OFDM signals, the points show all data
symbol subcarriers' modulation. For single-carrier 802.11b, each point corresponds to a single modulated
chip.

To show the WLAN Constellation display:

1.
2.

A A

Press the Displays button or select Setup > Displays.
In the Select Displays dialog, select WLAN Constellation in the Measurements box.

In the Available displays box, double-click the WLAN Constellation icon or select the icon and
click Add. The WLAN Constellation icon will appear in the Selected displays box and will no
longer appear under Available displays.

Click OK to show the WLAN Constellation display.
Set the Frequency appropriate for the signal.
Select Setup > Settings to display the control panel.

Select the Modulation Params tab. Set the Standard, Guard Interval, Channel Bandwidth, and
Subcarrier Spacing controls as appropriate for the input signal.
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Elements of the Display
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Item Display element Description

1 Plot Constellation graph.

2 Marker readout If markers are enabled, the marker readout shows the selected Marker,
Symbol, Subcarrier, Type, Value, Magnitude, and Phase for the symbol at
the marker location. Located to the left of the constellation plot or below it,
depending on the size of the window.

3 Marker controls Define and position markers.

WLAN Constellation Settings

Application Toolbar: &

The WLAN Constellation Settings control panel provides access to settings that control parameters of the

Constellation Display.
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Settings tab Description

Modulation Params (see Specifies the input signal standard and additional user-settable signal parameters.

page 181)

Analysis Params (see Specifies parameters used by the instrument to analyze the input signal.

page 182)

Data Range (see page 184) Specifies which symbols and subcarriers of the signal to display.

Analysis Time Tab (see Specifies parameters that define the portion of the acquisition record that is used for

page 185) analysis. Also allows you to specify the Units (Symbols or Seconds) for WLAN Analysis
displays.

Trace Tab (see page 186) Enables you to freeze the display or hide the measurement or average trace.

Scale Tab (see page 187) Specifies the Zoom scale, and vertical and horizontal positions of the display.

Prefs Tab (see page 190) Specifies the units of the display and whether elements of the graphs are displayed.

WLAN EVM Display

The WLAN EVM display shows the data symbols' individual subcarrier Error Vector Magnitude values
versus symbol interval (time) and subcarrier (frequency).

NOTE. For 802.11b analysis, the subcarrier graph is not displayed.

To show the WLAN EVM display:
1. Press the Displays button or select Setup > Displays.
2. In the Select Displays dialog, select WLAN EVM in the Measurements box.

3. In the Available displays box, double-click the WLAN EVM icon or select the icon and click Add.
The WLAN EVM icon will appear in the Selected displays box and will no longer appear under
Available displays.

Click OK to show the WLAN EVM display.
Set the Frequency appropriate for the signal.

Select Setup > Settings to display the control panel.

NS e

Select the Modulation Params tab. Set the Standard as appropriate. Set the Standard, Guard Interval,
Channel Bandwidth, and Subcarrier Spacing controls as appropriate for the input signal.
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Elements of the Display
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Item Display element Description
1 Top of graph Sets the EVM value that appears at the top of the graph. This is only a visual
control for panning the graph.
2 Bottom of graph Sets the EVM value that appears at the bottom of the graph. This is only a
visual control for panning the graph.
Autoscale Adjusts the vertical and horizontal settings to provide the best display.
Start (Position) Specifies the horizontal position of the trace on the graph display.
5 Stop (Scale) Adjusts the horizontal range of the graph. By decreasing the scale, the graph

essentially becomes a window that you can move over the analysis results by
adjusting the position.

WLAN EVM Settings

Application Toolbar: i
The settings for the WLAN EVM display are shown in the following table.
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Settings tab

WLAN Magnitude Error Display

Description

Modulation Params (see

page 181)

Specifies the type of modulation used for the input signal and other parameters.

Analysis Params (see

page 182)

Specifies parameters used by the instrument to analyze the input signal.

Data Range (see page 184)

Specifies which symbols and subcarriers of the signal to display.

Analysis Time (see page 185)

Specifies parameters that define the portion of the acquisition record that is used for
analysis. Also allows you to specify the Units (Symbols or Seconds) for WLAN Analysis
displays.

Trace (see page 186)

Enables you to freeze the display or hide the measurement or average trace.

Scale (see page 187)

Specifies the vertical, subcarrier (for non-b standards only) and symbols scale and
position settings.

Prefs (see page 190)

Specifies the units of the display and whether elements of the graphs are displayed.

WLAN Magnitude Error Display

The WLAN Magnitude Error display shows the data symbols' individual subcarrier Magnitude Error
values versus symbol interval (time) and subcarrier (frequency).

NOTE. For 802.11b analysis, the subcarrier graph is not displayed.

To show the WLAN Magnitude Error display:

1. Press the Displays button or select Setup > Displays.

2. In the Select Displays dialog, select WLAN Analysis in the Measurements box.

3. In the Available displays box, double-click the WLAN Mag Error icon or select the icon and click
Add. The WLAN Mag Error icon will appear in the Selected displays box and will no longer appear
under Available displays.

A O o

Click OK to show the WLAN Mag Error display.
Set the Frequency appropriate for the signal.
Select Setup > Settings to display the control panel.

Select the Modulation Params tab. Set the Standard, Guard Interval and Spacing and Bandwidth

controls as appropriate for the input signal.
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Elements of the Display

|
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Item Display element Description
1 Top of graph Sets the Magnitude Error value that appears at the top of the graph. This is
only a visual control for panning the graph.
2 Bottom of graph Sets the Magnitude Error value that appears at the bottom of the graph. This
is only a visual control for panning the graph.
Autoscale Adjusts the vertical and horizontal settings to provide the best display.
Pos Specifies the horizontal position of the trace on the graph display.
Scale Adjusts the horizontal range of the graph. By decreasing the scale, the graph

essentially becomes a window that you can move over the analysis results by
adjusting the position.

WLAN Magnitude Error Settings

Application Toolbar: &b

The settings for the WLAN Mag Error display are shown in the following table.
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Settings tab

WLAN Phase Error Display

Description

Modulation Params (see

page 181)

Specifies the type of modulation used for the input signal and other parameters.

Analysis Params (see

page 182)

Specifies parameters used by the instrument to analyze the input signal.

Data Range (see page 184)

Specifies which symbols and subcarriers of the signal to display.

Analysis Time Tab (see

page 185)

Specifies parameters that define the portion of the acquisition record that is used for
analysis. Also allows you to specify the Units (Symbols or Seconds) for WLAN Analysis
displays.

Trace (see page 186)

Enables you to display or hide the measurement or average trace.

Scale Tab (see page 187)

Specifies the vertical, subcarrier (for non-b standards only), and symbols scale and
position settings.

Prefs Tab (see page 190)

Specifies the units of the display and whether elements of the graphs are displayed.

WLAN Phase Error Display

The WLAN Phase Error display shows the data symbols' individual subcarrier Phase Error values versus
symbol interval (time) and subcarrier (frequency).

NOTE. For 802.11b analysis, the subcarrier graph is not displayed.

To show the WLAN Phase Error display:

1. Press the Displays button or select Setup > Displays.

2. In the Select Displays dialog, select WLAN Analysis in the Measurements box.

3. In the Available displays box, double-click the WLAN Phase Error icon or select the icon and click
Add. The WLAN Phase Error icon will appear in the Selected displays box and will no longer
appear under Available displays.

A O o

Click OK to show the WLAN Phase Error display.
Set the Frequency appropriate for the signal.
Select Setup > Settings to display the control panel.

Select the Modulation Params tab. Set the Standard, Guard Interval and Spacing and Bandwidth

controls as appropriate for the input signal.
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Elements of the Display

WLAN Phase Error Settings

o Start: 0 Symbol
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@ 0519-054

Item Display element Description
1 Top of graph Sets the Phase Error value that appears at the top of the graph. This is only a
visual control for panning the graph.
2 Bottom of graph Sets the Phase Error value that appears at the bottom of the graph. This is
only a visual control for panning the graph.
Autoscale Adjusts the vertical and horizontal settings to provide the best display.
Pos Specifies the horizontal position of the trace on the graph display.
Scale Adjusts the horizontal range of the graph. By decreasing the scale, the graph

essentially becomes a window that you can move over the analysis results by
adjusting the position.

WLAN Phase Error Settings

Application Toolbar: i

The settings for the WLAN Phase Error display are shown in the following table.
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Settings tab

WLAN Power vs Time Display

Description

Modulation Params (see

page 181)

Specifies the type of modulation used for the input signal and other parameters.

Analysis Params (see

page 182)

Specifies parameters used by the instrument to analyze the input signal.

Data Range (see page 184)

Specifies which symbols and subcarriers of the signal to display.

Analysis Time Tab (see

page 185)

Specifies parameters that define the portion of the acquisition record that is used for
analysis. Also allows you to specify the Units (Symbols or Seconds) for WLAN Analysis
displays.

Trace (see page 186)

Enables you to display or hide the measurement or average trace.

Scale Tab (see page 187)

Specifies the vertical, subcarrier (for non-b standards only), and symbols scale and
position settings.

Prefs Tab (see page 190)

Specifies the units of the display and whether elements of the graphs are displayed.

WLAN Power vs Time Display

168

The WLAN Power vs Time display shows the signal power amplitude versus time. For 802.11b signals,
the packet Power-On and Power-Down ramp times are also measured.

To show the WLAN Power vs Time display:

1. Press the Displays button or select Setup > Displays.

2. In the Select Displays dialog, select WLAN Analysis in the Measurements box.

In the Available displays box, double-click the WLAN Power vs Time icon or select the icon and
click Add. The WLAN Power vs Time icon will appear in the Selected displays box and will no
longer appear under Available displays.

A

Click OK to show the WLAN Power vs Time display.

Set the Frequency appropriate for the signal.

Select Setup > Settings to display the control panel.

Select the Modulation Params tab. Set the Standard, Guard Interval and Spacing and Bandwidth

controls as appropriate for the input signal.
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Elements of the Display
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Item Display element Description

1 Top of graph, first settting Sets the Power level that appears at the top of the graph, in dBm. This is only
a visual control for panning the graph.

2 Top of graph, second setting Sets the vertical Scale of the graphs, in dB/div. This is only a visual control
for panning the graph.

3 View Selects the specific view of the packet burst within the display:
- Full Burst displays the entire packet, with vertical lines indicating length
of the packet
- Rising Edge zooms the display into the interval around the packet rising
edge, with vertical lines indicating the 10% to 90% Power-On Ramp time
- Falling Edge zooms the display into the interval around the packet falling
edge, with vertical lines indicating the 90% to 10% Power-Down Ramp time

4 Bottom of graph readout Shows the Power level at the bottom of the graph in dBm.

5 Autoscale Adjusts the vertical and horizontal settings to provide the best display.

6 Bottom of graph, left side Sets the starting time of the graph in seconds

7 Bottom of graph, right side Sets the scale (width) of the graph in seconds

8 Table below graph - Burst Power: Average power of the burst packet, in dBm

- Burst Width: Measured time width of the burst packet from Power-On to
Power-Down (or end of waveform, if that occurs before Power-Down), in
seconds

NOTE. Power-On Ramp Time and Power-Down Ramp Time values are
only available for 802.11b analysis.

- Power-On Ramp Time: Time interval for signal level to increase from 10%
to 90% of maximum packet power, in seconds

- Power-Down Ramp Time: Time interval for signal level to decrease from
90% to 10% of maximum packet power, in seconds. This value is not available
is the analysis record does not include the packet power-down portion.

WLAN Power vs Time Settings

Application Toolbar: ot

The settings for the WLAN Power vs Time display are shown in the following table.
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Settings tab Description

Modulation Params (see Specifies the type of modulation used for the input signal and other parameters.
page 181)

Analysis Params (see Specifies parameters used by the instrument to analyze the input signal.

page 182)

Data Range (see page 184) Specifies which symbols and subcarriers of the signal to display.

Analysis Time (see page 185) Specifies parameters that define the portion of the acquisition record that is used for

analysis. Also allows you to specify the Units (Symbols or Seconds) for WLAN Analysis
displays.

Scale (see page 187) Specifies the vertical, subcarrier (for non-b standards only), and symbols scale and

position settings.

Prefs (see page 190) Specifies the units of the display and whether elements of the graphs are displayed.

WLAN Spectral Flatness Display

The WLAN Spectral Flatness display shows the average power levels of subcarriers across the signal
bandwidth and indicates if they remain within the limits defined for a particular standard.

The averaged subcarrier level is shown as a line on the display, while the individual subcarrier levels are
shown as points. The Pass or Fail result indicates whether the average line remains between the upper and
lower limit mask boundaries.

NOTE. WLAN Spectral Flatness is only available for OFDM (non-802.11b) signals.

To show the WLAN Spectral Flatness display:

1.
2.

A A

Press the Displays button or select Setup > Displays.
In the Select Displays dialog, select WLAN Analysis in the Measurements box.

In the Available displays box, double-click the WLAN Flatness icon or select the icon and click
Add. The WLAN Flatness icon will appear in the Selected displays box and will no longer appear
under Available displays.

Click OK to show the WLAN Flatness display.
Set the Frequency appropriate for the signal.
Select Setup > Settings to display the control panel.

Select the Modulation Params tab. Set the Standard, Guard Interval, Subcarrier Spacing, and
Channel Bandwidth controls as appropriate for the input signal.
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Elements of the Display
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Item Display element Description

1 Top of graph, first setting Sets the Flatness value that appears at the top of the graph in dB. This is only
a visual control for panning the graph.

2 Top of graph, second setting Sets the lower range of the Flatness value that appears at the top of the
graph in dB/div. This is only a visual control for panning the graph.

3 Bottom of graph Shows the Flatness value set at the bottom of the graph.

4 Autoscale Adjusts the vertical and horizontal settings to provide the best display.

5 Posn Specifies the horizontal position of the trace on the graph display.

6 Scale Adjusts the horizontal range of the graph. By decreasing the scale, the graph

essentially becomes a window that you can move over the analysis results by
adjusting the position.

WLAN Spectral Flatness Settings

Application Toolbar: &

The settings for the WLAN Spectral Flatness display are shown in the following table.
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Settings tab

WLAN Summary Display

Description

Modulation Params (see

page 181)

Specifies the type of modulation used for the input signal and other parameters.

Analysis Params (see

page 182)

Specifies parameters used by the instrument to analyze the input signal.

Data Range (see page 184)

Specifies which symbols and subcarriers of the signal to display.

Analysis Time Tab (see

page 185)

Specifies parameters that define the portion of the acquisition record that is used for
analysis.

NOTE. The Units control on this tab only affects the Analysis Length (AFAIK). Use the
Units control in the Prefs tab to affect the displays.

Trace (see page 186)

Enables you to display or hide the measurement or average trace.

Scale Tab (see page 187)

Specifies the vertical, subcarrier (for non-b standards only), and symbols scale and
position settings.

Prefs Tab (see page 190)

Specifies the units of the display and whether elements of the graphs are displayed.

WLAN Summary Display

The WLAN Summary display shows several measurements of WLAN signal quality. The summary display
and it’s contents will vary by standard selected. Not all of the display contents are provided in this section.

To show the WLAN Summary display:

1. Press the Displays button or select Setup > Displays.

2. In the Select Displays dialog, select WLAN Analysis in the Measurements box.

In the Available displays box, double-click the WLAN Summary icon or select the icon and click
Add. The WLAN Summary icon will appear in the Selected displays box and will no longer appear

under Available displays.

A A

Click OK to show the WLAN Summary display.
Set the Frequency appropriate for the signal.
Select Setup > Settings to display the control panel.

Select the Modulation Params tab. Set the Standard, Guard Interval and Spacing and Bandwidth

controls as appropriate for the input signal.
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174

Standard: 802.11n

Bandwidth: 40 MHz

WLAN Summary Display for 802.11alg/j/p/n/ac Signals

Guard Interval: Auto from SIG

Burst Power: -0.01 dBm

Burst Index: 1

Frequency Error: -140.27 mHz
Symbol Clk Error: -0.070 ppm

Peak-to-Average:  9.80 dB
1Q Origin Offset: -82.25 dB
Common Pilot Error: 0.337 %

EVM

All Pilots Data
RMS -39.91 dB -40.40 dB -39.89 dB
Peak -27.33 dB -31.09 dB -27.33 dB

Pk@Sym/Sub 32 /58

Avg RMS -39.91 dB
1 of 1 Bursts
Max RMS -39.91 dB

G 3258

Packet Format: HT_MF

Data Modulation: BPSK
‘Guard Interval: 1/4

Symbols
L-STF 2
L-LTF 2
L-SIG6 1
HT-SI6 2
HT-STF 1
HT-LTF 1
Data 100

EVM Avg Power
-44.57 dB 0.00 dBm
-40.02 dB -0.01 dBm
-40.43 dB -0.26 dBm
-40.34 dB -0.47 dBm
-44.08 dB -0.01 dBm
-42.43 dB 0.00 dBm
-39.91 dB 0.01 dBm

L-SIG Data Parity: Pass
Rate 13 Reserved 0
Length 312 Parity 1
Tail 0

HT-SIG Data CRC: Pass
MCs 0 CBW i
Length 672 Smoothing 0
Not Sound 0 Reserved 1
Aggregation 0 STBC 0
FEC Coding 0 Short GI 0
Ness 0 CRC 3k
Tail 0

WLAN Summary Display
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WLAN Summary Display

Elements of the Display for 802.11alg/j/p/n/ac Signals

Measurement Description
Standard Display of the standard selected on the Setup > Settings > Modulation Params tab.
Bandwidth Display of the channel bandwidth selected on Setup > Settings > Modulation Parameters

tab.

Burst Power

The average power of all symbols in the packet, including Preamble and Data segments.

Peak-to-Average

The ratio of the highest instantaneous signal power level to the average signal power.

Burst Index

The index of the analyzed packet within the analysis record.

1Q Origin Offset

The average magnitude of the DC subcarrier level relative to total signal power. It
indicates the level of carrier feedthrough detected at the center (DC) subcarrier.

Frequency Error

The frequency difference between the measured carrier frequency of the signal and the
measurement frequency setting.

Common Pilot Error

The RMS magnitude error of the pilots over all data symbols.

Symbol Clk Error

The symbol clock error in parts per million.

EVM

The RMS and Peak values of the normalized subcarrier Error Vector Magnitude values.
The normalized subcarrier EVM values are calculated as the difference between the
detected received signal subcarrier constellation points and ideal reference points
estimated by the instrument from the received signal. Values are reported in units of
percent or dB. Peak values include the symbol and subcarrier location.

RMS and Peak values are displayed for groupings of all subcarriers, Pilots only and Data
only. Results are calculated over all Data symbols in the packet.

Average RMS and Peak RMS values are accumulated over multiple packet analysis
cycles. The Clear button on the display resets these values by clearing the result memory.

Packet Format

Displays the packet format: AG, HT_MF, HT_GF, VHT.

Data Modulation

Displays the modulation used in the Data symbols: BPSK, QPSK, 16QAM, 64QAM,
256QAM.

Guard Interval

Displays the Guard Interval used by the Data symbols: 1/4, 1/8.

Symbols, EVM, Avg Power

Displays the type and number of symbols, EVM-RMS and average power of the
Preamble and Data portions of the packet.

SIG Data
L-SIG Data
HT-SIG Data
VHT-SIG Data

Displays he decimal values of the received packet SIGNAL, HT-SIGNAL and
VHT-SIGNAL symbols' fields. The Pass/Fail result in each heading line indicates whether
the calculated Parity or CRC value matches the received Parity or CRC value of the
corresponding SIGNAL symbol grouping.
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WLAN Summary Display for 802.11b Signals

Standard: 502.11b Packet Format: Auto Detect

Clear
Burst Power: -1.22 dBm Peak-to-Average: 1.50 dB Header Data CRC: Pass
Burst Index: 1 1IQ Origin Offset: -39.12 dB Signal 20 Frn 0
Frequency Error: -2.34 Hz Length 400 CRC 17735
EVM
All 1k Chips
RMS -39.12 dB -39.02 dB
Peak -30.29 dB -30.32 dB
Pk @ Chip 2992 66
Avg RMS -39.12 dB
1 of 1 Bursts
Max RMS -30.12 dB
Packet Format: DSSS 2M Data Modulation: DSSS 2M
Chips EVM Avg Power
Preamble: 1584 -38.96 dB -1.72 dBm
Header: 528 -39.06 dB -1.23 dBm
Data: 4400 -30.19 dB -1.23 dBm
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WLAN Summary Settings

Elements of the Display for 802.11b Signals

Measurement

Description

Standard

Display of the standard selected on the Setup > Settings > Modulation Parameters tab.

Burst Power

The average power of the entire packet.

Peak-to-Average

The ratio of the highest instantaneous packet signal power level to the average signal
power.

Burst Index

The index of the analyzed packet within the analysis record.

1Q Origin Offset

The amount of power at the signal carrier frequency relative to the total power of the
signal.

Frequency Error

The frequency difference between the measured carrier frequency of the signal and the
measurement frequency setting.

EVM

The RMS and Peak values of the normalized Error Vector Magnitudes taken at signal
chip intervals. The normalized EVM values are calculated as the difference between the
detected received signal constellation points and ideal reference points estimated by the
instrument from the received signal. Values are reported in units of percent or dB. Peak
values indicate the associated chip locations.

RMS and Peak values are displayed for groupings of All chips, and the first 1000 (1k)
chips.

Average RMS and Peak RMS values are accumulated over multiple packet analysis
cycles. The Clear button on the display resets these values by clearing the result memory.

Packet Format

Displays the packet format: DSSS 1M, DSSS 2M, CCK 5.5M or CCK 11M.

Data Modulation

Displays the modulation used in the PSDU/Data packet segment.

Chips, EVM, Avg Power

Displays the number of chips, EVM-RMS and average power of the Preamble, Header
and Data portions of the packet.

Header Data

Displays he decimal values of the received packet Header's Signal, Service, Length, and
CRC fields. The CRC Pass/Fail result indicates if the received CRC value is equal to the
CRC value computed from the received Signal, Service and Length values.

WLAN Summary Settings

Application Toolbar: i

The settings for the WLAN Summary display are shown in the following table.
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Settings tab

WLAN Symbol Table Display

Description

Modulation Params (see

page 181)

Specifies the type of modulation used for the input signal and other parameters.

Analysis Params (see

page 182)

Specifies parameters used by the instrument to analyze the input signal.

Data Range (see page 184)

Specifies which symbols and subcarriers of the signal to display.

Analysis Time (see page 185)

Specifies parameters that define the portion of the acquisition record that is used for
analysis. Also allows you to specify the Units (Symbols or Seconds) for WLAN Analysis
displays.

EVM (see page 189)

Specifies the EVM units (dB or %) and Max Bursts to Avg. The EVM is generally
measured on symbol or chip instants and is usually measured after best-fit estimates of
the frequency error and a fixed phase offset have been removed.

Prefs (see page 190)

Specifies the units of the display and whether elements of the graphs are displayed.

WLAN Symbol Table Display

The WLAN Symbol Table display shows decoded data values for each data symbol in the analyzed
signal packet. For OFDM signals (all standards except 802.11b), results are presented with subcarrier
(frequency) indices in the horizontal dimension and symbol (time) intervals in the vertical dimension.
For 802.11b signals, the Preamble, Header, and Data (PSDU) symbol values are presented sequentially,
with symbol indices in the left column.

To show the WLAN Symbol Table display:

1. Press the Displays button or select Setup > Displays.

2. In the Select Displays dialog, select WLAN Analysis in the Measurements box.

3. In the Available displays box, double-click the WLLAN Symb Table icon or select the icon and click
Add. The WLAN Symbol icon will appear in the Selected displays box and will no longer appear
under Available displays.

A

Click OK to show the WLAN Symbol Table display.

Set the Frequency appropriate for the signal.

Select Setup > Settings to display the control panel.

Select the Modulation Params tab. Set the Standard, Guard Interval and Spacing and Bandwidth

controls as appropriate for the input signal.
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WLAN Symbol Table for OFDM signals
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Symbols  (Preamble, Header, Data)

| 120, [ 0 1 [ 1 1 1 0 [ 1 1 1
143] ¢
144 |
1570y
o, |
183] ,
102 |

L
|
=
I L}
205I .
T At |

=)
=)
=
=

23
244l |
zwl'
270l |
a3 !
ZQE-II
309

322'
335
343'.
361, |
374'.
387,

wlrlomrlwlwemwlewelaclwalalalaalwa
mmw e lalrluolwalamm-lonm rlala o
mwikivelelumelrmuwkrluleolalale—
mlnwwelrvrluolwo-aloMm =oloo
wwwrlanmonmnwuE-rlalurlaoalo -
Wi r r e mojwme meowolalo o
ra e nelulammurlune-lal-loao
clowmrrlalomualommm|lum ==~ o
alnkwnjorlakownmmewwuerlo-oo
olmrwalanmnmrluu-ivaluao

[ w0 [ e [ (e (o [ [ [ w [ e =

[N SR N R R R A =R S R =R

o e o= o = (ww = W [ w e =

RSAS5100A Series Printable Help 179



WLAN Measurements WLAN Symbol Table Settings

Item Description
1 Symbol number index (from beginning of packet or segment) of first Symbol data value on the line.
2 Symbol values, with the value in column 2 of each row corresponding to the symbol number index in

column 1, and then the symbol value in column 3 corresponding to the next symbol number index,
etc., to the end of each row.

For example: The symbol number index 130 = 0 in column 2. The symbol number index for column 3
is 131, which equals 0. The symbol number index for column 4 is 132, which equals 1. This pattern
continues to the end of the row.

WLAN Symbol Table Settings

Application Toolbar: &
The settings for the WLAN Symbol Table display are shown in the following table.

Settings tab Description

Modulation Params (see Specifies the type of modulation used for the input signal and other parameters.
page 181)

Analysis Params (see Specifies parameters used by the instrument to analyze the input signal.

page 182)

Data Range (see page 184) Specifies which symbols and subcarriers of the signal to display.

Analysis Time (see page 185) Specifies parameters that define the portion of the acquisition record that is used for
analysis. Also allows you to specify the Units (Symbols or Seconds) for WLAN Analysis
displays.

Prefs (see page 190) Specifies the units of the display and whether elements of the graphs are displayed.

WLAN Analysis Shared Measurement Settings

Application Toolbar: &

The control panel tabs in this section are shared between the displays in the WLAN Analysis folder (Setup
> Displays). Some tabs are shared by all the displays, some tabs are shared by only a subset of displays.
The settings available on some tabs change depending on the selected display.
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Modulation Params Tab - WLAN

Common controls for WLAN analysis displays

Settings tab

Description

Modulation Params (see

page 181)

Specifies the type of modulation used for the input signal and other parameters.

Analysis Params (see

page 182)

Specifies parameters used by the instrument to analyze the input signal.

Data Range (see page 184)

Specifies which symbols and subcarriers of the signal to display.

Analysis Time (see page 185)

Specifies parameters that define the portion of the acquisition record that is used for
analysis. Also allows you to specify the Units (Symbols or Seconds) for WLAN Analysis
displays.

Trace (see page 186)

Enables you to display or hide the measurement or average trace.

Scale (see page 187)

Specifies the vertical, subcarrier (for non-b standards only), and symbols scale and
position settings.

EVM (see page 189)

Specifies the EVM units and max burst averages.

Prefs (see page 190)

Specifies the units of the display and whether elements of the graphs are displayed.

Modulation Params Tab - WLAN

The Modulation Params tab specifies the type of modulation used by the input signal and other parameters

that define the signal format.

Modulation Params ‘AnaWss Params | Data RangelAnaWss TimelTrace |Scale |Prefs ‘

Standard: |802.11g v
Channel Bandwidth: |20 MHz 2

FFT Sample Rate:  20.000 MS/s

Guard Interval: |Auto from SIG -

Subcarrier Spacing: 312500 kHz Auto

FFT Length: 64
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Settings Description
Standard Specifies the standard used for the input signal. Choices are

802.11a/b/glj/nip/ac.

Guard Interval

Specifies the guard interval used in the input signal. You can select the
following:

— Auto from SIG uses the Guard Interval value extracted from the signal
- 1/8 allows setting the value manually
- 1/4 allows setting the value manually

Channel Bandwidth

Specifies the nominal channel bandwidth. This setting affects the Subcarrier
Spacing value when the Subcarrier Spacing Auto box is checked.

Subcarrier Spacing

Specifies the spacing between subcarriers. When Auto is selected, this setting

is automatically calculated according to the Channel Bandwidth value. If Auto is
unchecked, a custom subcarrier spacing value can be entered for nonstandard

signal definition.

FFT Sample Rate

Indicates the FFT sample rate, based on the bandwidth or subcarrier setting.

FFT Length

Indicates the fixed FFT length.

Analysis Params Tab - WLAN

182

The Analysis Params tab contains parameters that control the analysis of the input signal.

Modulation Params | Analysis Params | Data Range | Analysis Time | Traces | Scale | prefs |

Burst Selection Index: 1
Frequency Error:  0.000 Hr
Symbol Analysis Offset: -50 %
Swap [&Q: [

Data Modulation: |Auto Detect -

Pilot Tracking
Phase [] Amplitude [ Timing
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Settings Description

Burst Selection Index Allows specifying the burst you want to measure when multiple bursts are
present in an acquisition. Index number of the first burst is 1, second burst
is 2, etc.

Frequency Error When the Auto box is checked, the analysis determines the Frequency Error

and the measured Frequency Error is displayed. When the Auto box is
unchecked, the entered value is used by the analysis as a fixed frequency
offset. This is useful when the exact frequency offset of the signal is known.

Symbol Analysis Offset Specifies the analysis offset in the symbol interval. This value is a percentage
of the Guard Interval. The allowable range is -100% to 0%. -100% positions
the FFT to start at the beginning of the Guard Interval, 0% positions it to start
at the end of the Guard Interval. Default value is -50% which usually gives
the best measurement results.

Swap [ & Q Select the checkbox to swap the | and Q components of a signal. This
compensates the input signal for spectral inversion.

Equalizer Training Specifies the method used to estimate channel frequency response and
equalization. This control can be used to diagnose changes in frequency
response over the signal packet.

Preamble The instrument uses only the Preamble to estimate channel frequency
response. This response is then used to equalize the entire signal packet.

Preamble + Data The instrument makes an initial channel frequency response estimate from the
Preamble. It then estimates the channel response for each data symbol using
the decoded data content to derive equalization for each symbol individually.
This allows compensation for time-varying channel response over the packet.

Data Modulation Allows choice of automatic or manual method of data symbol modulation
identification, as follows:

— Auto Detect estimates the modulation from the data symbol IQ content.

— Auto from SIG sets the modulation as indicated by the embedded SIG
preamble symbol format data.

— Manual allows specifying the modulation type regardless of the signal
content.

Pilot tracking Specifies if pilot subcarriers should be used to correct amplitude, phase, and
symbol timing variations over the packet. The choices available are Phase,
Amplitude, and Timing. The default setting is Phase correction enabled,
Amplitude and Timing correction disabled..

Subcarrier derotation Allows some displays to show subcarriers with or without Gamma subcarrier
phase rotation removed. Gamma phase rotation is applied to 802.11n and
802.11ac subcarriers in defined subranges depending on the selected Channel
Bandwidth >40 MHz. Only Constellation and Symbol Table results are affected
by this control.

When the box is unchecked, the rotation is not removed, which provides a
direct view of the physical modulation on the channel.

When the box is checked, the rotation is removed, allowing easier decoding of
the underlying data content.
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Data Range Tab - WLAN

The Data Range tab enables you to control how much signal is analyzed, as well as specify the range of
results that are displayed for the WLAN Constellation, EVM, Flatness, Magnitude Error, Phase Error, and
Symbol Table graphs. The tab contents vary by standard.

Data Range tab for non-b standards.

| Modutation Params [ Analysis Params | Data Range | Analysis Time | Traces | scale [ prefs |

Displayed Results
Symbols: (Al ~| subcarriers: [al -]
[T] Max data symbols to analyze: |50 Symbol
Settings Description
Symbols Specifies which symbols are displayed in the graphs.
All Select All to display all symbols.
Range Select Range to specify a subset of symbols for display.
Start Specifies the first symbol to include in the display.
Stop Specifies the last symbol to include in the display.
Single Select Single to display a single symbol.
Index Use Index to specify the symbol you want to display.
Subcarriers Specifies which subcarriers are displayed.
All Select All to display all subcarriers in the signal.
Pilots Select Pilot to display only pilot subcarriers.
Data Select Data to display only data subcarriers.
Single Specifies a specific subcarrier for display.
Index Specifies the specific subcarrier to be displayed.
Range Specifies a range of subcarriers to be displayed.
Start Specifies the start value of the range to be displayed.
Stop Specifies the ending value of the range to be displayed.
Max symbols to analyze Specifies how many symbols are analyzed. You can use this setting to speed

analysis by limiting the number of symbols being analyzed.

Data Range tab for 802.11b standards.

| Modulation Params | Analysis Pammsl Data Range |Anarysis Time I Tmcesl Scale | Prefs ‘

Displayed Results

[C] Max no. of chips to analyze: 2500 Chip
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Settings Description
Chips Specifies which symbols are displayed in the graphs.
All Select All to display all chips.
Preamble Only Select to include only the Preamble in the display.
Header Only Select to include only the Header in the display.
Data Only Select to include only the Data in the display.
Max number of chips to analyze Specifies how many chips are analyzed. You can use this setting to speed

analysis by limiting the number of chips being analyzed. Check this box and
then enter the maximum number of chips to analyze.

Analysis Time Tab - WLAN

The Analysis Time tab contains parameters that define how the signal is analyzed in the WLAN Analysis

displays.
'| Modulation Params | Analysis Paramsl Data Range‘ Analysis Time ‘EVM | Prefs ‘
Analysis Length: 200.000 Symbol  [V] Auto Units:
Settings Description
Analysis Length Specifies the length of the analysis period to use in measurements. Length is specified in

either symbols or seconds, depending on the Units setting.

Use this to specify how long a period of time is analyzed.
- Range: minimum value depends on modulation type
- Resolution: 1 symbol

Auto When enabled, causes the instrument to set the Analysis Length value based on the
requirements of the selected display.
Units Specifies the units of the Analysis Length in either Symbols or Seconds.
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Trace Tab - WLAN

The Trace tab allows you to set the trace display characteristics of the selected display. This tab is not
available for all WLAN displays.

| Modulation Params | Analysis Paramsl Data Range | Analysis Time| Trace |Scale | Prefs ‘

Trace: Show [ Freeze

Settings Description

Trace Use this drop-down list to select whether or not the Average trace or the measurement
trace is displayed. The measurement trace depends on the selected display.

Show Symbols Select or deselect this checkbox to show or hide symbols.

Freeze Selecting Freeze halts updates to the symbols.

Traces Tab - WLAN Channel Response

The Traces tab allows you to set the trace display characteristics of the WLAN Channel Reponse display.

% Modulation Params | Analysis Params | Data Range | Analysis Time| Traces |Scale | Prefs |

Trace: |Magnitude - l Save Trace As... I l Recal Trace...
Settings Description
Trace Selects the Magnitude or Phase trace for saving or recalling.
Save Trace As . . . Select to save a trace.
Recall Trace . . . Select to recall a trace.
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Scale Tab - WLAN

The Scale tab allows you to change the scale settings that control how the trace appears on the display but
does not change control settings such as Measurement Frequency. There are four versions of the Scale
tab for WLAN displays. One version is used for the Constellation display, one for the Spectral Flatness
display, one for the Power vs Time display, and one for the EVM, Magnitude Error, Phase Error, and
Channel Response displays.

*| Modulation ParamslAnah{sis Paramsl Data RangelAnafysis Time‘ Scale |Prefs |

Vertical Horizontal Full Burst

Scale: 100.00 dB Scale:  100.000 us

Position: -11.00 dBm

Position:  0.000 s

Scale tab for the WLAN Power vs Time display

Modulation Params { Analysis Params I Data Range | Analysis Time | Trace | Scale | Prefs

Vertical Horizontal Symbol Horzontal Subcarrier
Scale: 7.80° Start: @ Symbo/ Start: -58 Subcarrier
Position:  -3.90 © Stop: 99 Symbol Stop: 58 Subcarrier
Reset [v] Auto Reset Reset

Scale tab for WLAN EVM, Magnitude Error, Phase Error, and Channel Response displays

Modulation Params | Analysis Params [ Data Range | Analysis Tme l Trace | Scale |prefs |
Zoom
Scale: 3 Vertical Postion: 0

Horizontal Postion: 0

Scale tab for WLAN Constellation display
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Scale Tab - WLAN

Modulation Params | Analysis Params: Data Range Analyss Tme | Trace | Scale | prefs

Vertical

Scale: 100.00 dB
Position: 5.00 dB

Autoscake

Horzontal
Scale: 52 Subcarrier

Postion: -26 Subcamier

Autoscale

Scale tab for WLAN Spectral Flatness display

Settings Description
Vertical Controls the vertical position and scale of the trace display.
Scale Changes the vertical scale of the graph.
Position Adjusts the reference level away from top of the graph.
Autoscale Resets the scale of the vertical axis to contain the complete trace.
Subcarrier Controls the scale of the subcarrier graph and position of the trace.
Scale Specifies how many subcarriers are displayed horizontally.
Position Specifies the subcarrier that appears at the left edge of the subcarrier graph.
Autoscale Resets the scale of the horizontal axis to contain the complete trace.
Symbols Controls the scale of the Symbols graph.
Scale Specifies the number of symbols that appear in the symbols graph.
Position Specifies the symbol that appears at the left edge of the Symbols graph.
Autoscale Resets the scale and position settings to optimize the display.
Auto When Auto is checked, the scale and position values for the Symbols graph are
automatically adjusted to maintain the optimal display.
Zoom Sets the Constellation display size and position.
Scale Sets the magnification value for the Constellation display.

Vertical Position

Sets the vertical location of the Constellation display within the graph. Range is -3.7 to
+3.7.

Horizontal Position

Sets the horizontal location of the Constellation display within the graph. Range is -3.7 to
+3.7.
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EVM Tab - WLAN

The EVM Tab enables you to chose between dB and percent for the EVM units and to select to set the
maximum bursts to average. The EVM Tab is only available for the WLAN Summary display.

"| Modulation Params | Analysis Params | Data Range | Analysis Time| EVM | Prefs

EVM Units:

Max Bursts to Avg: |20

[] count
Settings Description
EVM units Specifies whether the displayed EVM units are dB or percent.
Max Bursts to Avg Specifies the maximum number of bursts to average when Count is selected.
Count Enables the Max Bursts to Avg function.
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Prefs Tab - WLAN

The Prefs tab enables you to change appearance characteristics of the WLAN Analysis displays. Not all
settings on the Prefs tab shown below appear for every WLAN display.

| Modulation Params | Analysis Params I Data Range | Analysis Time I Traces I Scale | Prefs |

) ; Show araphs
Time Units: | Symbols ~

“) Magnitude Show graticule

) Phase
Show marker readout

@ Both
Settings Description
Time units Specifies whether the displayed time units are seconds or symbols.
Freq units Specifies whether the displayed frequency units are frequency (Hz) or subcarrier channel.
Radix Specifies whether symbol values are displayed in binary or hex format (for example, in
the Symbol Table or markers readouts).
Show graphs Specifies which graphs are displayed. Select from Symbols, Subcarriers or Both,

Magnitude, Phase, or Both. Disabled (no masks), Shaded Region, or Line Only. These
selections are only available for OFDM signals.

Show graticule

Specifies to show the graticule on the display when checked.

Show marker readout

Specifies to show the marker readout when checked.
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Overview

The OFDM Analysis option provides measurements for OFDM signals specified by 802.11a/g/j (Wifi)
and 802.16 (2004) (commonly known as Fixed WiMAX) standards. User controls allow you to modify
signal parameters for analysis of non-standard signals. The analysis results give multiple views of OFDM
signal characteristics to allow diagnosing signal imperfections and impairments quickly and easily.
Display controls provide the ability to selectively display the analysis results to help locate trouble-spots in
the signal.

The displays in OFDM Measurements (Displays > Measurements > OFDM Measurements) are:
®  OFDM Channel Response (see page 191)

m  OFDM Constellation (see page 194)

®  OFDM EVM (see page 195)

®  OFDM Spectral Flatness (see page 197)

B OFDM Mag Error (see page 199)

®  OFDM Phase Error (see page 201)

m  OFDM Power (see page 203)

®E  OFDM Summary (see page 205)

= OFDM Symbol Table (see page 207)

OFDM Channel Response Display

The OFDM Channel Response display plots the channel response (magnitude or phase) versus the
subcarrier or frequency. Here, the channel refers to all sources of signal frequency response impairment up
to the analyzer input, including the transmitter itself, as well as any transmission medium through which
the signal travels between the transmitter and the analyzer.

To show the OFDM Channel Response display:
1. Press the Displays button or select Setup > Displays.
2. In the Select Displays dialog, select OFDM Analysis in the Measurements box.

3. In the Available displays box, double-click the OFDM Chan Response icon or select the icon and
click Add. The OFDM Chan Response icon will appear in the Selected displays box and will no
longer appear under Available displays.

4. Click OK to show the OFDM Chan Response display.

5. Set the Frequency appropriate for the signal.
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6. Select Setup > Settings to display the control panel.

OFDM Channel Response Display

7. Select the Modulation Params tab. Set the Standard, Guard Interval and Spacing and Bandwidth

controls as appropriate for the input signal.

Elements of the Display

@

o Sma
© defdiv
0.0

®

| (Magnituce -
-55.00 B
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0519004
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OFDM Channel Response Settings

Item Display element Description
1 Top-of-graph (magnitude) Sets the level that appears at the top of the magnitude graph. This is only a
visual control for panning the graph. The Reference Level is adjusted in the
Toolbar and the Ampl control panel. By default, Vert Position = Ref Level.
dB/div (magnitude) Sets the vertical scale value. The maximum value is 20.00 dB/division.

Display selector

Selects the display type. Channel Response Magnitude or Phase can be
displayed as a Magnitude or Phase graph.

4 Bottom-of-graph readout Indicates the amplitude at the bottom of the graph. This value changes with
(magnitude) the dB/div and Vertical Position settings.

5 Autoscale Adjusts the Vertical and Horizontal scaling to display the optimize the trace
display on screen.

6 Pos Shifts the trace left or right in the graph. The readout indicates the subcarrier
or frequency shown at the left edge of the display.

7 Scale Specifies the number of subcarriers shown in the graph.

8 Top-of-graph (phase) Sets the phase value indicated at the top of the graph. Since the Position

value at the vertical center of this graph remains constant as the Top of Graph
value is adjusted, the Vertical Scale increases as the Top of Graph value
increases, which also affects the bottom of graph readout.

9 Position (phase) Specifies the phase shown at the center of the graph display. Changing this
value moves the trace up and down in the graph, which affects the Top of
Graph and Bottom of Graph values as well.

10 Bottom-of-graph (phase) Indicates the phase at the bottom of the graph. This value changes with the

Position setting.

OFDM Channel Response Settings

The OFDM Channel Response Settings control panel provides access to settings that control parameters of
the Channel Response Display.

Settings tab Description

Modulation Params (see Specifies the input signal standard and additional user-settable signal parameters.

page 209)

Advanced Params (see Specifies parameters used by the instrument to analyze the input signal.

page 210)

Data Range Tab (see Specifies which symbols and subcarriers of the signal to display.

page 211)

Analysis Time Tab (see Specifies parameters that define the portion of the acquisition record that is used for

page 211) analysis. Also allows you to specify the time units (Symbols or Seconds) for OFDM
Analysis displays.

Prefs Tab (see page 215) Specifies the units of the display and whether elements of the graphs are displayed.
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OFDM Constellation Display

Display shows the OFDM signal subcarriers' amplitude and phase in 1Q constellation form.
To show the OFDM Constellation display:

1. Press the Displays button or select Setup > Displays.

2. In the Select Displays dialog, select OFDM Constellation in the Measurements box.

In the Available displays box, double-click the OFDM Constellation icon or select the icon and
click Add. The OFDM Constellation icon will appear in the Selected displays box and will no
longer appear under Available displays.

Click OK to show the OFDM Constellation display.
Set the Frequency appropriate for the signal.

Select Setup > Settings to display the control panel.

A A

Select the Modulation Params tab. Set the Standard, Guard Interval and Spacing and Bandwidth
controls as appropriate for the input signal.

Elements of the Display

@
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OFDM Analysis OFDM Constellation Settings

Item Display element Description
1 Plot Constellation graph.
2 Marker Readout If markers are enabled, the marker readout shows the selected Marker,

Symbol, Subcarrier, Type, Value, Magnitude, and Phase for the symbol at
the marker location. Located to the left of the constellation plot or below it,
depending on the size of the window.

OFDM Constellation Settings

Application Toolbar: i

The OFDM Constellation Settings control panel provides access to settings that control parameters of the
Constellation Display.

Settings tab Description

Modulation Params (see Specifies the input signal standard and additional user-settable signal parameters.

page 209)

Advanced Params (see Specifies parameters used by the instrument to analyze the input signal.

page 210)

Data Range (see page 211) Specifies which symbols and subcarriers of the signal to display.

Analysis Time Tab (see Specifies parameters that define the portion of the acquisition record that is used for

page 211) analysis. Also allows you to specify the Units (Symbols or Seconds) for OFDM Analysis
displays.

Trace (see page 213) Enables you to freeze the display or hide the measurement or average trace.

Scale Tab (see page 213) Specifies the Zoom scale, and vertical and horizontal positions of the display.

Prefs Tab (see page 215) Specifies the units of the display and whether elements of the graphs are displayed.

OFDM EVM Display

The OFDM EVM display shows the data symbols' individual subcarrier Error Vector Magnitude values
versus symbol interval (time) and subcarrier (frequency).

To show the OFDM EVM display:
1. Press the Displays button or select Setup > Displays.
2. In the Select Displays dialog, select OFDM EVM in the Measurements box.

3. In the Available displays box, double-click the OFDM EVM icon or select the icon and click Add.
The OFDM EVM icon will appear in the Selected displays box and will no longer appear under
Available displays.

4. Click OK to show the OFDM EVM display.

5. Set the Frequency appropriate for the signal.
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6. Select Setup > Settings to display the control panel.

7. Select the Modulation Params tab. Set the Standard as appropriate. Set the Standard, Guard Interval
and Spacing and Bandwidth controls as appropriate for the input signal.

Elements of the Display

@ 2 7.00 %
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Item Display element Description
1 Top of graph Sets the EVM value that appears at the top of the graph. This is only a visual
control for panning the graph.
2 Bottom of graph Sets the EVM value that appears at the bottom of the graph. This is only a
visual control for panning the graph.
Autoscale Adjusts the vertical and horizontal settings to provide the best display.
Pos Specifies the horizontal position of the trace on the graph display.
5 Scale Adjusts the horizontal range of the graph. By decreasing the scale, the graph

essentially becomes a window that you can move over the analysis results by
adjusting the position.

OFDM EVM Settings

Application Toolbar: &
The settings for the OFDM EVM display are shown in the following table.
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OFDM Analysis OFDM Spectral Flatness Display

Settings tab Description

Modulation Params (see Specifies the type of modulation used for the input signal and other parameters.
page 209)

Advanced Params (see Specifies parameters used by the instrument to analyze the input signal.

page 210)

Data Range (see page 211) Specifies which symbols and subcarriers of the signal to display.

Analysis Time (see page 211) Specifies parameters that define the portion of the acquisition record that is used for

analysis. Also allows you to specify the Units (Symbols or Seconds) for OFDM Analysis

displays.
Trace (see page 213) Enables you to freeze the display or hide the measurement or average trace.
Scale (see page 213) Specifies the vertical, subcarrier, and symbols scale and position settings.
Prefs (see page 215) Specifies the units of the display and whether elements of the graphs are displayed.

OFDM Spectral Flatness Display

The OFDM Spectral Flatness display shows the average power levels of subcarriers across the signal
bandwidth and indicates if they remain within the limits defined for a particular standard.

The averaged subcarrier level is shown as a line on the display, while the individual subcarrier levels are
shown as points. The Pass or Fail result indicates whether the average line remains between the upper and
lower limit mask boundaries.

To show the OFDM Spectral Flatness display:

1.
2.

xS 0 s

Press the Displays button or select Setup > Displays.
In the Select Displays dialog, select OFDM Analysis in the Measurements box.

In the Available displays box, double-click the OFDM Flatness icon or select the icon and click
Add. The OFDM Flatness icon will appear in the Selected displays box and will no longer appear
under Available displays.

Click OK to show the OFDM Flatness display.
Set the Frequency appropriate for the signal.
Select Setup > Settings to display the control panel.

Select the Modulation Params tab. Set the Standard, Guard Interval, Subcarrier Spacing and Channel
Bandwidth controls as appropriate for the input signal.
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Elements of the Display

[
@ © 650%

© Posn; J Sy o Scale; 12 Spm
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Item Display element Description

1 Top of graph Sets the Flatness value that appears at the bottom of the graph in dB. This is
only a visual control for panning the graph.

2 Bottom of graph Shows the Flatness value set at the top of the graph.

3 Autoscale Adjusts the vertical and horizontal settings to provide the best display.

4 Pos Specifies the horizontal position of the trace on the graph display.

5 Scale Adjusts the horizontal range of the graph. By decreasing the scale, the graph

essentially becomes a window that you can move over the analysis results by
adjusting the position.

OFDM Spectral Flatness Settings

Application Toolbar: &t
The settings for the OFDM Spectral Flatness display are shown in the following table.
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OFDM Analysis OFDM Magnitude Error Display

Settings tab Description

Modulation Params (see Specifies the type of modulation used for the input signal and other parameters.

page 209)

Advanced Params (see Specifies parameters used by the instrument to analyze the input signal.

page 210)

Data Range (see page 211) Specifies which symbols and subcarriers of the signal to display.

Analysis Time Tab (see Specifies parameters that define the portion of the acquisition record that is used for

page 211) analysis. Also allows you to specify the Units (Symbols or Seconds) for WLAN Analysis
displays.

Trace (see page 213) Enables you to display or hide the measurement or average trace.

Scale Tab (see page 213) Specifies the vertical, subcarrier, and symbols scale and position settings.

Prefs Tab (see page 215) Specifies the units of the display and whether elements of the graphs are displayed.

OFDM Magnitude Error Display

The OFDM Mag Error display shows the data symbols' individual subcarrier Magnitude Error values
versus symbol interval (time) and subcarrier (frequency).

To show the OFDM Magnitude Error display:
1. Press the Displays button or select Setup > Displays.
2. In the Select Displays dialog, select OFDM Analysis in the Measurements box.

3. In the Available displays box, double-click the OFDM Mag Error icon or select the icon and click
Add. The OFDM Mag Error icon will appear in the Selected displays box and will no longer appear
under Available displays.

Click OK to show the OFDM Mag Error display.
Set the Frequency appropriate for the signal.

Select Setup > Settings to display the control panel.

A A

Select the Modulation Params tab. Set the Standard, Guard Interval and Spacing and Bandwidth
controls as appropriate for the input signal.
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Elements of the Display
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Item Display element Description
1 Top of graph Sets the Magnitude Error value that appears at the top of the graph. This is
only a visual control for panning the graph.
2 Bottom of graph Sets the Magnitude Error value that appears at the bottom of the graph. This
is only a visual control for panning the graph.
Autoscale Adjusts the vertical and horizontal settings to provide the best display.
Pos Specifies the horizontal position of the trace on the graph display.
Scale Adjusts the horizontal range of the graph. By decreasing the scale, the graph

essentially becomes a window that you can move over the analysis results by
adjusting the position.

OFDM Magnitude Error Settings

Application Toolbar: &
The settings for the OFDM Mag Error display are shown in the following table.
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OFDM Analysis OFDM Phase Error Display

Settings tab Description

Modulation Params (see Specifies the type of modulation used for the input signal and other parameters.

page 209)

Advanced Params (see Specifies parameters used by the instrument to analyze the input signal.

page 210)

Data Range (see page 211) Specifies which symbols and subcarriers of the signal to display.

Analysis Time Tab (see Specifies parameters that define the portion of the acquisition record that is used for

page 211) analysis. Also allows you to specify the Units (Symbols or Seconds) for OFDM Analysis
displays.

Trace (see page 213) Enables you to display or hide the measurement or average trace.

Scale Tab (see page 213) Specifies the vertical, subcarrier, and symbols scale and position settings.

Prefs Tab (see page 215) Specifies the units of the display and whether elements of the graphs are displayed.

OFDM Phase Error Display

The OFDM Phase Error display shows the data symbols' individual subcarrier Phase Error values versus
symbol interval (time) and subcarrier (frequency).

To show the OFDM Phase Error display:
1. Press the Displays button or select Setup > Displays.
2. In the Select Displays dialog, select OFDM Analysis in the Measurements box.

3. In the Available displays box, double-click the OFDM Phase Error icon or select the icon and click
Add. The OFDM Phase Error icon will appear in the Selected displays box and will no longer
appear under Available displays.

Click OK to show the OFDM Phase Error display.
Set the Frequency appropriate for the signal.

Select Setup > Settings to display the control panel.

A A

Select the Modulation Params tab. Set the Standard, Guard Interval and Spacing and Bandwidth
controls as appropriate for the input signal.

RSAS5100A Series Printable Help 201



OFDM Analysis OFDM Phase Error Settings

Elements of the Display
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Item Display element Description
1 Top of graph Sets the Phase Error value that appears at the top of the graph. This is only a
visual control for panning the graph.
2 Bottom of graph Sets the Phase Error value that appears at the bottom of the graph. This is
only a visual control for panning the graph.
Autoscale Adjusts the vertical and horizontal settings to provide the best display.
Pos Specifies the horizontal position of the trace on the graph display.
Scale Adjusts the horizontal range of the graph. By decreasing the scale, the graph

essentially becomes a window that you can move over the analysis results by
adjusting the position.

OFDM Phase Error Settings

Application Toolbar: %t
The settings for the OFDM Phase Error display are shown in the following table.
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OFDM Analysis OFDM Power Display

Settings tab Description

Modulation Params (see Specifies the type of modulation used for the input signal and other parameters.

page 209)

Advanced Params (see Specifies parameters used by the instrument to analyze the input signal.

page 210)

Data Range (see page 211) Specifies which symbols and subcarriers of the signal to display.

Analysis Time Tab (see Specifies parameters that define the portion of the acquisition record that is used for

page 211) analysis. Also allows you to specify the Units (Symbols or Seconds) for OFDM Analysis
displays.

Trace (see page 213) Enables you to display or hide the measurement or average trace.

Scale Tab (see page 213) Specifies the vertical, subcarrier, and symbols scale and position settings.

Prefs Tab (see page 215) Specifies the units of the display and whether elements of the graphs are displayed.

OFDM Power Display

The OFDM Power display shows the data symbols' individual subcarrier Power values versus symbol
interval (time) and subcarrier (frequency).

To show the OFDM Power display:

1.
2.

A A

Press the Displays button or select Setup > Displays.
In the Select Displays dialog, select OFDM Analysis in the Measurements box.

In the Available displays box, double-click the OFDM Power icon or select the icon and click Add.
The OFDM Power icon will appear in the Selected displays box and will no longer appear under
Available displays.

Click OK to show the OFDM Power display.
Set the Frequency appropriate for the signal.
Select Setup > Settings to display the control panel.

Select the Modulation Params tab. Set the Standard, Guard Interval and Spacing and Bandwidth
controls as appropriate for the input signal.

If you are analyzing a stored data file, press the Replay button to take measurements on the recalled
acquisition data file.
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Elements of the Display

@

OFDM Power Settings
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Item Display element Description
1 Vertical Position Sets the top of graph value. This is only a visual control for panning the
graph. The Reference Level is adjusted in the Toolbar and the Ampl control
panel. By default, Vert Position = Ref Level.
dB/div Sets the vertical scale value. The maximum value is 20.00 dB/division.

Bottom of graph readout

Indicates the amplitude at the bottom of the graph. This value changes with
the dB/div and Vertical Position settings.

Autoscale Adjusts the vertical and horizontal settings to provide the best display.
Pos Specifies the horizontal position of the trace on the graph display.
5 Scale Adjusts the horizontal range of the graph. By decreasing the scale, the graph

essentially becomes a window that you can move over the analysis results by
adjusting the position.

OFDM Power Settings

Application Toolbar: o

The settings for the OFDM Power display are shown in the following table.
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OFDM Analysis OFDM Summary Display

Settings tab Description

Modulation Params (see Specifies the type of modulation used for the input signal and other parameters.
page 209)

Advanced Params (see Specifies parameters used by the instrument to analyze the input signal.

page 210)

Data Range (see page 211) Specifies which symbols and subcarriers of the signal to display.

Analysis Time (see page 211) Specifies parameters that define the portion of the acquisition record that is used for
analysis. Also allows you to specify the Units (Symbols or Seconds) for OFDM Analysis

displays.
Trace (see page 213) Enables you to display or hide the measurement or average trace.
Scale (see page 213) Specifies the vertical, subcarrier, and symbols scale and position settings.
Prefs (see page 215) Specifies the units of the display and whether elements of the graphs are displayed.

OFDM Summary Display

The OFDM Summary display shows several measurements of OFDM signal quality.
To show the OFDM Summary display:

1. Press the Displays button or select Setup > Displays.

2. In the Select Displays dialog, select OFDM Analysis in the Measurements box.

3. In the Available displays box, double-click the OFDM Summary icon or select the icon and click
Add. The OFDM Summary icon will appear in the Selected displays box and will no longer appear
under Available displays.

Click OK to show the OFDM Summary display.
Set the Frequency appropriate for the signal.

Select Setup > Settings to display the control panel.

q S s

Select the Modulation Params tab. Set the Standard, Guard Interval and Spacing and Bandwidth
controls as appropriate for the input signal.

Elements of the Display

= & & T = 5% A | Frequency: 580000 GHz Reflev: 0.00 dBrn Freset | b Replay = | ) Run
802.11a/g/j Symbals: 13
Frequency Error: 1,75 He Symbol Ck Error: -0.502 ppm
1Q Origin Offset:  -74.31de  CPE: 1.509 %
Average Power:  -24.31 dBm Peak-to-Average: 9.53 dB
Subcarriers: All Pilots Data

RMS EWvh: -35.17 dB -36.43 dB -35.08 dB
1.744 % 1,509 % 1.763 %
Peak EvM: -23.75dB -27.80 dB -23.75dB
6.492 % 4.074 % 6,482 %
at symbol: 1 5 1
at subcarrier: 26 21 26
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Measurement Description
Standard Display of the standard selected on the Setup > Settings > Modulation Params tab.

Frequency Error

The frequency difference between the measured carrier frequency of the signal and the
measurement frequency setting.

1Q Origin Offset

The average magnitude of the DC subcarrier level relative to total signal power. It
indicates the level of carrier feedthrough detected at the center (DC) subcarrier.

Average Power

The average power of all symbols in the analysis. Calculated over only the data symbols
in the packet.

Symbols How many symbols were analyzed.
Symbol Clk Error The symbol clock error in parts per million.
CPE CPE, Common Pilot Error, is the RMS magnitude error of the pilots over all analyzed

symbols.

Peak-to-Average

The ratio of the highest instantaneous signal power level to the average signal power.
Calculated over only the data symbols in the packet.

EVM

The RMS and Peak values of the normalized subcarrier Error Vector Magnitude values.
The normalized subcarrier EVM values are calculated as the difference between the
detected received signal subcarrier constellation points and ideal reference points
estimated by the instrument from the received signal. Values are reported in units of
percent and dB. Peak values include the symbol and subcarrier location.

RMS and Peak values are displayed for groupings of all subcarriers, Pilots only and Data
only. Results are calculated over the entire signal packet analyzed, covering the number
of Symbols indicated in the Summary display.

OFDM Summary Settings

Application Toolbar: &

The settings for the OFDM Summary display are shown in the following table.

Settings tab

Description

Modulation Params (see

page 209)

Specifies the type of modulation used for the input signal and other parameters.

Advanced Params (see

page 210)

Specifies parameters used by the instrument to analyze the input signal.

Data Range (see page 211)

Specifies which symbols and subcarriers of the signal to display.

Analysis Time (see page 211)

Specifies parameters that define the portion of the acquisition record that is used for
analysis. Also allows you to specify the Units (Symbols or Seconds) for OFDM Analysis
displays.

Prefs (see page 215)

Specifies the units of the display and whether elements of the graphs are displayed.
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OFDM Analysis OFDM Symbol Table Display

OFDM

Symbol Table Display

The OFDM Symbol Table display shows decoded data bits for each subcarrier in each symbol in the
analyzed signal packet. Results are presented with subcarrier (frequency) indices in the horizontal
dimension and symbol (time) intervals in the vertical dimension.

To show the OFDM Symbol Table display:

1.
2.

NS s

Press the Displays button or select Setup > Displays.
In the Select Displays dialog, select OFDM Analysis in the Measurements box.

In the Available displays box, double-click the OFDM Symb Table icon or select the icon and click
Add. The OFDM Symbol icon will appear in the Selected displays box and will no longer appear
under Available displays.

Click OK to show the OFDM Symbol Table display.
Set the Frequency appropriate for the signal.
Select Setup > Settings to display the control panel.

Select the Modulation Params tab. Set the Standard, Guard Interval and Spacing and Bandwidth
controls as appropriate for the input signal.
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Item Description

1

Subcarrier identifiers.

2

Symbol identifiers.
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OFDM Analysis OFDM Symbol Table Settings

(cont.)

Item Description

3 Subcarrier data values.

4 Marker readout when markers are enabled.

OFDM Symbol Table Settings

Application Toolbar: Wt
The settings for the OFDM Symbol Table display are shown in the following table.

Settings tab Description

Modulation Params (see Specifies the type of modulation used for the input signal and other parameters.

page 209)

Advanced Params (see Specifies parameters used by the instrument to analyze the input signal.

page 210)

Data Range (see page 211) Specifies which symbols and subcarriers of the signal to display.

Analysis Time (see page 211) Specifies parameters that define the portion of the acquisition record that is used for
analysis. Also allows you to specify the Units (Symbols or Seconds) for OFDM Analysis
displays.

Prefs (see page 215) Specifies the units of the display and whether elements of the graphs are displayed.

OFDM Analysis Shared Measurement Settings

208

Application Toolbar: &b

The control panel tabs in this section are shared between the displays in the OFDM Analysis folder (Setup
> Displays). Some tabs are shared by all the displays, some tabs are shared by only a couple of displays.
The settings available on some tabs change depending on the selected display.
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OFDM Analysis

Modulation Params Tab - OFDM

Common controls for OFDM analysis displays

Settings tab

Description

Modulation Params (see

page 209)

Specifies the type of modulation used for the input signal and other parameters.

Advanced Params (see

page 210)

Specifies parameters used by the instrument to analyze the input signal.

Data Range (see page 211)

Specifies which symbols and subcarriers of the signal to display.

Analysis Time (see page 211)

Specifies parameters that define the portion of the acquisition record that is used for
analysis. Also allows you to specify the Units (Symbols or Seconds) for OFDM Analysis
displays.

Trace (see page 213) Enables you to display or hide the measurement or average trace.
Scale (see page 213) Specifies the vertical, subcarrier, and symbols scale and position settings.
Prefs (see page 215) Specifies the units of the display and whether elements of the graphs are displayed.

Modulation Params Tab - OFDM

The Modulation Params tab specifies the type of modulation used by the input signal and other parameters
that control the demodulation of the input signal.

Modulztion Params |f-\dvanced Paramns IData Range | AnalysisTime | Trace | Scale IPrefs |

Standard: |802.16 (2004) -

FFT Length : 256

Guard Interval: (18 -

Spacing and Bandhwidth

@ Subcarrier Spacing 90,000 kHz

) Channel Bandwidth 20,160 MHz

FFT Sample Rate:  23.040 MSfs

Settings

Description

Standard

Specifies the standard used for the input signal. Choices are 802.11a/g/j and
802.16 (2004).

Guard Interval

Specifies the guard interval used in the input signal. Choices are 1/4, 1/8, 1/16/,
1/32, and User. When you select User, you can enter a percentage value to
specify the size of the guard interval as a percentage of the useful symbol
interval. The Guard Interval range is 0-100%.

Spacing and Bandwidth

Specifies the spacing between subcarriers and the nominal channel bandwidth.
Only one of these settings can be set at a time, the other setting is automatically
calculated.

Sample Rate

Indicates the FFT sample rate, based on the bandwidth or subcarrier setting.
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OFDM Analysis

Advanced Params Tab - OFDM

Advanced Params Tab - OFDM

The Advanced Params tab contains parameters that control the analysis of the input signal.

Madulation Params | Advanced Params |Data Range IAna\ysisTime ITrace IScaIe IPrefs |

Corstellation determination | Auto Detect -

Symbol analysis offset:  -05 %

Channel Estimation: | Preamble -

Pilot tracking
Phase || &mplitude  [] Timing

[ swap1&Q

Settings

Description

Constellation determination

Specifies the method used to detect the constellation. Auto Detect analyzes the
signal to determine the appropriate constellation, Manual allows you to specify
the constellation type. Manual choices are: BPSK, QPSK, 16QAM, and 64QAM.

Symbol analysis offset

Specifies the analysis offset in the symbol interval. This value is a percentage
of the Guard Interval. The allowable range is -100% to 0%. -100% positions
the FFT to start at the beginning of the Guard Interval, 0% positions it to start
at the end of the Guard Interval. Default value is -50% which usually gives
the best measurement results.

Channel Estimation

Specifies the method used to estimate channel frequency response and
equalization. This control can be used to diagnose changes in frequency
response over the signal packet.

Preamble

When you select Preamble, the instrument uses only the Preamble to estimate
channel frequency response. This response is then used to equalize the entire
signal packet.

Preamble + Data

When you select Preamble + Data, the instrument makes an initial channel
frequency response estimate from the Preamble. Then estimates the channel
response for each data symbol using the decoded data content to derive
equalization for each symbol individually. This allows compensation for
time-varying channel response over the packet.

Pilot tracking

Specifies if pilot subcarriers should be used to correct amplitude, phase, and
symbol timing variations over the packet. The choices available are Phase,
Amplitude, and Timing. The default setting is Phase.

Swap 1 & Q

Select the checkbox to swap the | and Q components of a signal. This
compensates the input signal for spectral inversion.
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OFDM Analysis

Data Range Tab - OFDM

Data Range Tab - OFDM

The Data Range tab enables you to control how much signal is analyzed, as well as specify the range of
results that are displayed in the Constellation, EVM, Magnitude Error, Phase Error, Power and Symbol

Table graphs.

|M0dulat\0n Params | Advanced Params| Data Range |AnalvsisT\me | Trace IScaIe IPrefs |

Displayed Results

Symbols: | Al w | Subcarriers: |all -

Max symbals to analyze: 1004

Settings Description
Symbols Specifies which symbols are displayed in the graphs.

All Select All to display all symbols.

Range Select Range to specify a subset of symbols for display.
Start Specifies the first symbol to include in the display.
Number Specifies how many symbols to display in the graphs.

Single Select Single to display a single symbol.

Index Use Index to specify the symbol you want to display.
Subcarriers Specifies which subcarriers are displayed.

All Select All to display all subcarriers in the signal.

Pilots Only Select Pilot to display only pilot subcarriers.

Data Only Select Data to display only data subcarriers.

Single Specifies a specific subcarrier for display.

Index Specifies the specific subcarrier to be displayed.

Range Specifies a range to subcarriers to be displayed.

Start Specifies the start value of the range to be displayed.
Stop Specifies the ending value of the range to be displayed.

Max symbols to analyze

Specifies how many symbols are analyzed. You can use this setting to speed
analysis by limiting the number of symbols being analyzed.

Analysis Time Tab - OFDM

The Analysis Time tab contains parameters that define how the signal is analyzed in the OFDM Analysis

displays.
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| Madulation Params | sdvanced Params | Data Range | AnalysisTime | Trace | Scae | prefs |

Lnalysis Offset; -0.86¢8 sym V] auto Time Zero Reference: | Trigger -
Analysis Length: 88000 Sy @] auto Units: | Symbols -

Actual: 66,000 Sym

Settings Description
Analysis Offset Specifies the location of the first time sample to use in measurements.
Auto When enabled, causes the instrument to set the Analysis Offset value based on the
requirements of the selected display.
Analysis Length Specifies the length of the analysis period to use in measurements. Length is specified in
either symbols or seconds, depending on the Units setting.
Auto When enabled, causes the instrument to set the Analysis Length value based on the

requirements of the selected display.

Actual This is a displayed value, not a setting. It is the Analysis Length (time or symbols)
being used by the analyzer, this value may not match the Analysis Length requested
(in manual mode).

Time Zero Reference Specifies the zero point for the analysis time.
Units Specifies the units of the Analysis Length to either Symbols or Seconds.
Analysis Offset

Use analysis offset to specify where measurements begin. Be aware that you cannot set the Analysis
Offset outside the range of time covered by the current acquisition data. (all time values are relative
to the Time Zero Reference).

You can set the Analysis Length so that the requested analysis period falls partly or entirely outside the
current range of acquisition data settings. When the next acquisition is taken, its Acquisition Length will
be increased to cover the new Analysis Length, as long as the Sampling controls are set to Auto. If the
Sampling parameters are set to manual, or if the instrument is analyzing saved data, the actual analysis
length will be constrained by the available data length, but in most cases, measurements are able to be
made anyway. The instrument will display a notification when measurement results are computed from
less data than requested. Range: 0 to [(end of acquisition) - Analysis Length)]. Resolution: 1 effective
sample (or symbol).

Analysis Length

Use the analysis length to specify how long a period of time is analyzed. As you adjust this value, the
actual amount of time for Analysis Length, in Symbol or Seconds units, is shown below the control in the
"Actual" readout. This setting is not available when Auto is checked. Range: minimum value depends on
modulation type. Resolution: 1 symbol.
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Time Zero Reference

All time values are measured from this point (such as marker position or horizontal position (in Y vs Time
displays). Choices are: Acquisition Start or Trigger.

Parameter Description
Acquisition Start Offset is measured from the point at which acquisition begins.
Trigger Offset is measured from the trigger point.

Trace Tab - OFDM

The Trace tab allows you to set the trace display characteristics of the selected display. This tab is not
available for all OFDM displays.

|M0dulati0n Paramns | Advanced Params IData Range | AnalysisTirme | Trace |Scale IPrefs |

Trace: |Mag Error - (V] show [CIFresze

Settings Description

Trace Use this drop-down list to select whether or not the Average trace or the measurement
trace is displayed. The measurement trace depends on the selected display.

Show Select or deselect this checkbox to show or hide the trace selected in the Trace
drop-down list.

Freeze Selecting Freeze halts updates to the trace.

Scale Tab - OFDM

The Scale tab allows you to change the scale settings that control how the trace appears on the display but
does not change control settings such as Measurement Frequency. There are two versions of the Scale tab
for OFDM displays. One version is used only for the Constellation display and the other version is used
for the OFDM EVM, OFDM Magnitude Error, OFDM Phase Error, and OFDM Power displays.
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‘ Modulation Params | advanced Params | Data Range | AnalysisTime ITrace | Scde | prefs

Wertical Subicarrigr Syrnbiols
Scale: 41.8 % Scale: 200 Subc Scale: 12 Sy
Position: -21.9 % Position:  -100 Subc Position: & Syt
Autoscale Autoscale Auto Autoscale

Scale tab for OFDM EVM, OFDM Mag Error, OFDM Phase Error, and OFDM Power displays

Modulation Params | Advanced Params | Data Range I.&nalysisTime ITrace | Scale | prafs

Zoom

Scale: 3 ‘ertical Position: 0

Hotizontal Position: 0

Scale tab for OFDM Constellation display

Settings Description
Vertical Controls the vertical position and scale of the trace display.
Scale Changes the vertical scale of the graph.
Position Adjusts the reference level away from top of the graph.
Autoscale Resets the scale of the vertical axis to contain the complete trace.
Subcarrier Controls the scale of the subcarrier graph and position of the trace.
Scale Specifies how many subcarriers are displayed horizontally.
Position Specifies the subcarrier that appears at the left edge of the subcarrier graph.
Autoscale Resets the scale of the horizontal axis to contain the complete trace.
Symbols Controls the scale of the Symbols graph.
Scale Specifies the number of symbols that appear in the symbols graph.
Position Specifies the symbol that appears at the left edge of the Symbols graph.
Autoscale Resets the scale and position settings to optimize the display.
Auto When Auto is checked, the scale and position values for the Symbols graph are
automatically adjusted to maintain the optimal display.
Zoom Sets the Constellation display size and position.
Scale Sets the magnification value for the Constellation display.
Vertical Position Sets the vertical location of the Constellation display within the graph. Range is -3.7 to
+3.7.
Horizontal Position Sets the horizontal location of the Constellation display within the graph. Range is -3.7 to
+3.7.
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Prefs Tab - OFDM

Prefs Tab - OFDM

The Prefs tab enables you to change appearance characteristics of the OFDM Analysis displays. Not all
settings on the Prefs tab shown below appear for every OFDM display.

|M0dulatlon Params | Advanced Params IData Range | AnalysisTime | Trace IScaIe | Prefs |

S RS lSthDls—'] e Eral:;tsh [¥] show graticule
Frequrits: |Subcamier =) ) Subcarriers
- Einaryiv 1 Syrnbals Show marker readout
Settings Description
Time units Specifies whether the displayed time units are seconds or symbols.
Freq units Specifies whether the displayed frequency units are frequency (Hz) or subcarrier channel.
Radix Specifies whether symbol values are displayed in binary or hex format (for example, in
the Symbol Table or markers readouts).
Show graphs Specifies which graph types are displayed.
Both Displays both the Subcarrier and Symbol graphs.
Subcarriers Displays only the subcarrier graph.
Symbols Displays only the symbol graph.

Show graticule

Displays or hides the graticule in the graphs.

Show marker readout

Displays or hides the marker readouts in the graphs.

RSAS5100A Series Printable Help

215



OFDM Analysis Prefs Tab - OFDM

216 RSAS5100A Series Printable Help



Noise Figure and Gain Measurements Overview

Overview

The noise contribution from circuit elements is usually defined by noise figure, noise factor, or noise
temperature.

For example, the function of an amplifier in a particular system is to amplify the signal presented at its
input and deliver it to the load. The thermal noise that is present at the input is amplified along with
the input signal. The amplifier also contributes additional noise. The load receives a composite signal
made up of the sum of the amplified input signal, the amplified thermal noise, and the additional noise
contributed by the amplifier.

Noise figure, noise factor, and noise temperature are figures of merit used to quantify the noise added by
the amplifier. This noise can be measured directly using available test equipment.

For example, devices with high noise figure can be measured directly, as long as gain is known, with
accurately known bandwidths. The input to the DUT should be terminated in a source that is near the
reference temperature (290K).

The Noise Figure and Gain Measurement options in this instrument measure noise figure using the Y
Factor method, perform mask testing to user-defined limits, and include an uncertainty calculator.

NOTE. 710 read a white paper about Noise measurements and when to use particular types of noise
measurements, visit www.tektronix.com/downloads.

Displays

Displays include noise figure, gain, Y-factor, noise temperature, and tabular results. Single-frequency
metering and swept-trace results are available, as well as support for industry-standard noise sources.
Measurements for amplifiers and other non-frequency converting devices, and fixed local-oscillator up
and down converters are also available.

The displays for Noise Figure and Gain (Displays > Measurements > Noise Figure and Gain) are:

B Noise Temperature (see page 223)

®  Gain (see page 220)

m  Noise Figure (see page 222)

= Noise Table (see page 218)

®  Uncertainty Calculator (see page 227)

m Y Factor (see page 225)

These measurements allow you to measure the noise contributions of circuit elements to a signal.
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Noise Figure and Gain Measurements

Noise Table Display

The analyzer takes the following noise measurements: Noise Figure, Noise Temperature, Y Factor, and
Gain. See the Available Measurements (see page 39) section for brief definitions of each measurement.

Noise Table Display

The Noise Table lists selected measurements in a spreadsheet format, showing the numeric value at step
frequencies for Gain, Noise Figure, Y Factor, Noise Temperature, PHot, and PCold.

S
Gain Moise Figure Moise Factor Y R 0
2.245 GHz 26.03 dB 1.33 dB 1.36 13.2
2.384 GHz 26.25 dB 1.25 dB 1.23 13.2
2.524 GHz 26.56 dB 1.44 dB 1.29 131
2.663 GHz 26.49 dB 1.56 dB 1.43 12.€
2.803 GHz 24.92 dB 1.59 dB 1.44 12.€
2.942 GHz 22.21 dB 1.69 dB 1.48 12.7
3.082 GHz 19,36 dB 1.78 dB 1.51 12.5 2
3.221 GHz 16.14 dB 2.11 dB 1.63 12.C
3.301 GHz 13.50 dB 3.07 dB 2.03 10.€
» 3.500 GHz 11.70 dB 3.89 dB 2.45 10.C
Fi m F

Displaying the Noise Table Using a Preset

Using the Noise Figure Application Preset will turn on the Noise Figure, Gain, and Noise Table displays,
and set the preamplifer (if present) ON, with the acquisition mode to minimum noise and the attenuator to
0 dB for the best noise floor.

c CAUTION. Make sure that the input of the analyzer is not connected to a device that will overload
or damage the preamplifier.

1. Select Presets >Application from the menu bar.

2. Select Noise Figure from the Preset drop down menu.

3. Click OK.
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Noise Figure and Gain Measurements Noise Table Settings

Displaying the Noise Table

1.

2
3.
4

Press the Displays button or select Setup > Displays.

Select Noise Figure and Gain in the Measurements box.

Double-click Noise Table in the Available displays box to add the display to the Selected displays box.
Click OK.

Setting the Frequency for a Local Oscillator

If you are using a local oscillator and need to set the local oscillator frequency, do the following:

1.
2.

With the Noise Table selected, press the Settings button.

Select Up or Down Convertor as the Measurement Type in the Overview tab.

Overview \ Freq Setup | Noise Source | EXt Gain/Loss Correctionsl Pammsl Internal Settingsl Traces | Scale | Prefs |

Measurement Type
_ Gain/Loss Gain/Loss
(= B0 - —

Source EMR: I@I
Frequency:

Constant: 15 dB 1.500 GHz

Click on the Frequency icon in the Overview tab image (see above). This will open the Params tab.
Set the frequency under LO Settings.

Click the X located in the right top corner of the Settings control panel to close the panel.

Noise Table Settings

Menu Bar: Setup > Settings

Application Toolbar: &

The Settings control panel tabs for the Noise Table Display are shown in the following table.
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Settings tab Description

Overview (see page 231) Specifies the measurement type (non-frequency converting or frequency converting
devices) to be shown in the display. Also allows you to navigate to the related panel tabs.

Freq Setup (see page 232) Specifies several parameters that control frequency of the test and number of points
per measurement.

Noise Source (see page 233) Specifies ENR and noise source mode (constant or from a table).

Ext Gain/Loss Corrections Specifies gain and loss values for cables, connectors, and external preamplifiers.

(see page 233)

Params (see page 235) Specifies local oscillator (LO) and RSA settings, reference temperature, resolution
bandwidth (RBW), and average counts.

Internal Settings (see Specifies the reference level (dB), set internal attenuator (manual or auto), optimize

page 236) RF and IF, and set an internal preamp.

Prefs (see page 239) Specifies display preferences such as graticule on/off, number of displayed points and

measurement units.

Calibrate. Calibrates the equipment setup prior to measurement.

Gain Display

The Gain display shows gain versus frequency of the signal. The gain measurement is the ratio of output
power to input power in an amplifier or circuit element.

Elements of the Gain Display

e ¥ Trcel [lShow Normal
©452d8 | yp o708 M1: 24.65 dB
o Jdiv 1.98571428671428 GHz 2.7968367765102 GHz
AM1:-2.74 4B
5.00 d8 §11.22445979591 MHz
MR
M1
= Postion:
20.2d8
© 4.80 dB
© Pos: 2.1750 GHz o Scale: 2.6 GHz

Max: 29.2dB @ 1.283GHz Min: 11.4dB @ 3.446GHz Mean: 23.8d8
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Item Display element Description

1 Check mark indicator The check mark indicator in the upper, left-hand corner of the display shows
when the Gain display is the optimized display.

NOTE. When Best for multiple windows is selected in the Amplitude control
panel's RF & IF Optimization control, none of the measurement displays
shows a checkmark, as there is not a single optimized measurement.

2 dB Sets the vertical scale maximum.

3 [Div The distance between graticule lines on the display in dB.

4 Position Sets the vertical scale center.

5 Min Sets the vertical scale minimum.

6 Autoscale Set the axes to values that show all trace points.

7 Horizontal offset and scale Located along the bottom edge of the trace display, these controls specify the
offset and scale on the horizontal axis.

8 Max Shows the maximum level of the trace.

9 Min Shows the minimum level of the trace.

10 Mean Shows the mean value of the trace.

Gain Settings

Menu Bar: Setup > Settings

Application Toolbar: &
The Setup settings for the Gain display are shown in the following table.

Settings tab Description

Overview (see page 231) Specifies the measurement type to be shown in the display. Also allows you to navigate
to the related panel tabs.

Freq Setup (see page 232) Specifies several parameters that control frequency displayed.

Noise Source (see page 233) Specifies ENR and noise source mode (constant or from a table).

Ext Gain/Loss Corrections Specifies gain and loss values for cables, connectors, and external preamplifiers.

(see page 233)

Params (see page 235) Specifies local oscillator (LO) and RSA settings, reference temperature, resolution
bandwidth (RBW), and average counts.

Internal Settings (see Specifies the reference level (dB), set internal attenuator (manual or auto), optimize RF

page 236) and IF, and set an internal preamp.

Traces (see page 237) Specify the display trace parameters and also allows you to save traces.

Scale (see page 238) Specifies the scale settings that control how the trace appears on the display but does not

change control settings.

Prefs (see page 239) Specifies preferences such as graticule on/off, number of displayed points and
measurement units.

Calibrate. Calibrates the equipment setup prior to measurement.
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Noise Figure Display

The Noise Figure display shows the noise factor in dB. This measurement can help you assess the low level
sensitivity of the DUT. Lower noise figure is found in better performing DUTs. Noise factor is defined as
the ratio of the input signal to noise ratio to the output signal to noise ratio (Input SNR/Output SNR).

Elements of the Noise Figure Display
v ¥ Tracel [¥Ishow Normal

¢ 20008 yp.iggas M1:226 dB

~ [fiFy 26GHz 2875 GHz

ol AM1: 575,61 mdB
200 mas 875 MHz

M1

N\

 Position:
2.00 d8

o 1.00d8

= Pos: 2.5000 GHz = Scale: 1.0 GHz

Max: 2.3d8 @ 2.958GHz Mn: L5dB @ 2.083GHz Mean: 2.0d8

Item Display element Description

1 Check mark indicator The check mark indicator in the upper, left-hand corner of the display shows

when the Noise Figure display is the optimized display.

NOTE. When Best for multiple windows is selected in the Amplitude control
panel's RF & IF Optimization control, none of the measurement displays
shows a checkmark, as there is not a single optimized measurement.

2 Max Sets the vertical scale maximum.

3 [Div The distance between graticule lines on the display in dB.

4 Position Sets the vertical scale center.

5 Min Sets the vertical scale minimum.

6 Autoscale Set the axes to values that show all trace points.

7 Horizontal offset and scale Located along the bottom edge of the trace display, these controls specify the

offset and scale on the horizontal axis.

Noise Figure Settings

222

Menu Bar: Setup > Settings
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Application Toolbar: &

The settings for the Noise Figure Display are shown in the following table.

Settings tab Description

Overview (see page 231) Specifies the measurement type to be shown in the display. Also allows you to navigate
to the related panel tabs.

Freq Setup (see page 232) Specifies several parameters that control measurement and displayed frequencies.

Noise Source (see page 233) Specifies ENR and noise source mode (constant or from a table).

Ext Gain/Loss Corrections Specifies gain and loss values for cables, connectors, and external preamplifiers.

(see page 233)

Params (see page 235) Specifies local oscillator (LO) and RSA settings, reference temperature, resolution
bandwidth (RBW), and average counts.

Internal Settings (see Specifies the reference level (dB), set internal attenuator (manual or auto), optimize RF

page 236) and IF, and set an internal preamp.

Traces (see page 237) Specify the display trace parameters and also allows you to save traces.

Scale (see page 238) Specifies the scale settings that control how the trace appears on the display but does not

change control settings.

Prefs (see page 239) Specifies preferences such as graticule on/off, number of displayed points and
measurement units.

Calibrate. Calibrates the equipment setup prior to measurement.

Noise Temperature Display

The Noise Temperature display shows the temperature of a source impedance that would give the same
SNR as the amplifier or system element, if it were noiseless.
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Elements of the Noise Temperature Display

v w Tracel [¥|Show Normal

o 4F0 K
o fdiv
S0.0K
o Position:
230 K
o -I0.7K
v Pos: 2.1750 GHz v Scale: 2.6 GHz
Max: 420.4K @ 3.500GHz Min: 58.3K @ 1.268 GHz Mean: 140.1K
Item Display element Description
1 Check mark indicator The check mark indicator in the upper, left-hand corner of the display shows
when the Noise Temperature display is the optimized display.
NOTE. When Best for multiple windows is selected in the Amplitude control
panel's RF & IF Optimization control, none of the measurement displays
shows a checkmark, as there is not a single optimized measurement.
2 Max Sets the vertical scale maximum.
3 [Div The distance between graticule lines on the display in K.
4 Position Sets the vertical scale center.
5 Min Sets the vertical scale minimum.
6 Autoscale Set the axes to values that show all trace points.
7 Horizontal offset and scale Located along the bottom edge of the trace display, these controls specify the
offset and scale on the horizontal axis.
8 Vertical scale Sets the vertical scale value.

Noise Temperature Settings

224

Menu Bar: Setup > Settings

Application Toolbar: &

The settings for the Noise Temperature Display are shown in the following table.
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Settings tab Description

Overview (see page 231) Specifies the measurement type to be shown in the display. Also allows you to navigate
to the related panel tabs.

Freq Setup (see page 232) Specifies several parameters that control measurement and displayed frequencies.

Noise Source (see page 233) Specifies ENR and noise source mode (constant or from a table).

Ext Gain/Loss Corrections Specifies gain and loss values for cables, connectors, and external preamplifiers.

(see page 233)

Params (see page 235) Specifies local oscillator (LO) and RSA settings, reference temperature, resolution
bandwidth (RBW), and average counts.

Internal Settings (see Specifies the reference level (dB), set internal attenuator (manual or auto), optimize RF

page 236) and IF, and set an internal preamp.

Traces (see page 237) Specify the display trace parameters and also allows you to save traces.

Scale (see page 238) Specifies the scale settings that control how the trace appears on the display but does not

change control settings.

Prefs (see page 239) Specifies preferences such as graticule on/off, number of displayed points and
measurement units.

Calibrate. Calibrates the equipment setup prior to measurement.

Y Factor Display

The Y-Factor measurement method uses a noise source that can be switched off and on with a specified
amount of excess noise. It is based on two power measurements, each performed with the same port
impedances and the same measurement bandwidth. This is specified as the Excess Noise Ratio (ENR).
ENR is the ratio of noise from the source to the system thermal noise or kTB, often expressed in dB.

Y-Factor measurements require an initial calibration where the noise source is measured in the on and
off state with the DUT bypassed. This allows removal of the RSA noise figure using the two-stage NF
correction, and allows for accurate gain measurement.

Elements of the Y Factor Display

< ¥ Tracel [¥]Show Normal Clear
= 17.0 dB
o fdiv
= Position:
12.0 dB
= 7.00 dB
= Pos: 2.1750 GHz o Scale: 2.6 GHz
Max: 13.9dB @ 1.268GHz Min: 10.0dB @ 3.500 GHz Mean: 12.9 dB
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Item Display element Description

1 Check mark indicator The check mark indicator in the upper, left-hand corner of the display shows
when the Y Factor display is the optimized display.
NOTE. When Best for multiple windows is selected in the Amplitude control
panel's RF & IF Optimization control, none of the measurement displays
shows a checkmark, as there is not a single optimized measurement.

2 Max Sets the vertical scale maximum.

3 [Div The distance between graticule lines on the display in dB.

4 Position Sets the vertical scale center.

5 Min Sets the vertical scale minimum.

6 Autoscale Set the axes to values that show all trace points.

7 Horizontal offset and scale Located along the bottom edge of the trace display, these controls specify the
offset and scale on the horizontal axis.

8 Vertical scale Sets the vertical scale value.

Y Factor Settings

226

Menu Bar: Setup > Settings

Application Toolbar: &

The settings for the Y Factor Display are shown in the following table.

Settings tab

Description

Overview (see page 231)

Specifies the measurement type to be shown in the display. Also allows you to navigate
to the related panel tabs.

Freq Setup (see page 232)

Specifies several parameters that control measurement and displayed frequencies.

Noise Source (see page 233)

Specifies ENR and noise source mode (constant or from a table).

Ext Gain/Loss Corrections

(see page 233)

Specifies gain and loss values for cables, connectors, and external preamplifiers.

Params (see page 235)

Specifies local oscillator (LO) and RSA settings, reference temperature, resolution
bandwidth (RBW), and average counts.

Internal Settings (see

Specifies the reference level (dB), set internal attenuator (manual or auto), optimize RF

page 236) and IF, and set an internal preamp.

Traces (see page 237) Specify the display trace parameters and also allows you to save traces.

Scale (see page 238) Specifies the scale settings that control how the trace appears on the display but does not
change control settings.

Prefs (see page 239) Specifies preferences such as graticule on/off, number of displayed points and

measurement units.

Calibrate. Calibrates the equipment setup prior to measurement.
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Uncertainty Calculator Display

The noise factor of a DUT is computed from two power measurements (noise source and DUT) and

two calibration power measurements (external preamp and RSA). These computations rely on specified
characteristics on the noise source ENR, input and output match specifications, and other component
specifications used in these measurements. The Uncertainty Calculator accepts the key specifications of
each device and their specification limit and converts them to standard uncertainty for the noise figure and
gain measurement. The output of the Uncertainty Calculator is the uncertainty tolerance for gain and noise
figure based on the confidence level (conversion factor) set by the user.

It is important to understand that the computations rely on the nominal values and tolerance limits of
components in the noise figure and gain measurement. The Calculator will accept different forms of
component specifications and confidence level in the component specifications. The Calculator converts
the component specifications into standard uncertainties for the measurement. All of the component
standard uncertainties are combined into a standard measurement uncertainty. The standard measurement
uncertainty is multiplied by a coverage factor to yield an expanded coverage factor for the measurement.
For K=2, approximately 95% confidence is frequently used, as is K=3, approximately 99% confidence
(maximum). So, if the noise figure is reported as 2 dB £0.25 dB at 95% confidence, this means that the
“true” value of noise figure is thought to lie between 1.75 dB to 2.25 dB with 95% confidence.
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Elements of the Uncertainty Calculator Display

Uncertainty Calculator Display

Computed Uncertainty
Noise Figure:  0.378 dB Gain: 0.782dB Measurement a5 % -
Confidence
IEI Moise Source
Hoise ENR: 15 dB
Error
Coverage Distribution Hoise Figure Gain
Uncertainty ENR: 0.15 dB 99 % v| 0.117 dB 0dB
Output VSWR: 1.5 95.7 % U-Shaped
[ ouT - Device Under Test
NF: 2.000 dB
Gain: 20.000 dB
Error
Coverage Distribution
Input VSWR: 1.5 99.7 % U-Shaped
Output VSWR: 1.5 99.7 % U-Shaped
E Ext Preamp
In Use: Mo -
Noise Figure: 2.500 dB
Gain: (21.000 dB
Error
Coverage Distribution
Input VSWR: 1.3 99.7 % U-Shaped
= | RSA
NF: 10,000 dB
Error
Coverage Distribution Noise Figure Gain
Uncertainty NF: 0.070 dB 95 9% = 0.161 de 0.102 dB
Gain: 0.020 dB 95 o - 0.01 de 0da
Input WVSWR: 1.5 99.7 % U-Shaped
Sub DAML Floor: 13.000 68 |gg 5 = 0d8 0.01d8
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Item

Display element

Uncertainty Calculator Settings

Description

1

Computed Uncertainty

Shows the noise figure and gain standard uncertainties. You can also select
the measurement uncertainty (99%, 95%, or 80%).

Noise Source

Sets the noise source ENR, uncertainty of the ENR and source match,
coverage (measurement confidence), output Voltage Standing Wave Ratio
(VSWR). It also shows the error distribution and the Noise Figure and Gain
uncertainties, which will vary according to the values entered for the available
parameters. These values can be determined from the manufacturer’s data
sheet for the noise source you are using.

DUT- Device Under Test

Sets the input Voltage Standing Wave Ratio (VSWR) and output VSWR for
your device under test (DUT). It also shows the coverage (measurement
confidence) and error distributions for this element of the uncertainty
calculation.

Ext Preamp

Sets the external preamp to in use (Yes), and the input Voltage Standing
Wave Ratio (VSWR) value. When the external preamp is selected on, you
can also set the noise figure and gain of the preamp. It also shows the
coverage (measurement confidence) and error distributions for the input
Voltage Standing Wave Ratio (VSWR).

RSA

Sets the error parameters for the RSA. These include the input noise
figure and noise figure uncertainty, gain uncertainty, input VSWR, and the
sub-DANL noise floor error terms of the RSA. Input noise figure and VSWR
information can be taken from the RSA data sheet or measured by the user
for the specific instrument used. Gain uncertainty contains a predetermined
value that is the same for all RSAs. Sub-DANL distortion refers to distortion
products present in the RSA that exist below the noise floor and cannot be
measured by the user. The worst-case value is given for the term by default.
You can also select the coverage (measurement confidence) for Noise Figure
uncertainty, Gain measurement, and sub DANL floor. The error distribution
is also displayed.

Uncertainty Calculator Settings

Menu Bar: Setup > Settings

Application Toolbar: &b

The settings for the Uncertainty Calculator display are shown in the following table.

Settings tab

Description

Uncertainty (see page 229)

Shows noise figure and gain uncertainty values (dB).

Intermediate Values (see

page 230)

Shows standard uncertainties in system.

Uncertainty Tab

The Uncertainty tab shows the noise figure and gain uncertainty values (dB). These values change based
on the noise measurement result and the parameters set in the Uncertainty Calculator display.
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Noise Figure and Gain Measurements Noise Figure and Gain Measurement Settings

Uncertainty | Intermediate Values|
Moise Figure: 0.338 dB
Gain: 0.632 dB
Setting Description
Noise Figure Shows the standard uncertainty for the noise figure measurement. This value also
reflects the uncertainty tolerance for noise figure based on the confidence level
(conversion factor) set by the user in the Display.
Gain Shows the standard uncertainty for the gain measurement. This value also reflects the

uncertainty tolerance for gain based on the confidence level (conversion factor) set by
the user in the Display.

Intermediate Values Tab

The Intermediate Values tab shows the noise figure and gain uncertainty values (dB). These values change
based on the parameters set in the Uncertainty Calculator display and the noise measurement results.

Uncertainty | Intermediate Values

Uncertainty for Noise Factor Uncertainty for Gain

Mismatch Source-SA: 0 dB 0.465 dB
Mismatch Source-DUT: 0.234 dB 0.465 dB
Mismatch DUT-SA: 0.234 dB 0.465 dB
Setting Description
Uncertainty for Noise Figure Shows the uncertainty for three components of the noise figure measurement.
Uncertainty for Gain Shows the uncertainty for three components of the gain measurement.
Mismatch Source-SA Shows the error between the noise source and the spectrum analyzer.
Mismatch Source-DUT Shows the error between the noise source and the device under test (DUT).
Mismatch DUT-SA Shows the error between the device under test (DUT) and the spectrum analyzer.

Noise Figure and Gain Measurement Settings

The control panel tabs in this section are shared by the displays in the Noise Figure and Gain measurement
(Setup > Displays). Changing a setting on one tab changes that setting for all the noise and gain
measurement displays.
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Settings tab Description

Overview (see page 231) Specifies the measurement type to be shown in the display. Also allows you to navigate
to the related panel tabs.

Freq Setup (see page 232) Specifies several parameters that control measurement and displayed frequencies.

Noise Source (see page 233) Specifies ENR and noise source mode (constant or from a table).

Ext Gain/Loss Corrections Specifies gain and loss values for cables, connectors, and external preamplifiers.

(see page 233)

Params (see page 235) Specifies LO and RSA settings, reference temperature, RBW, and average counts.

Internal Settings (see Specifies the reference level (dB), set internal attenuator (manual or auto), optimize RF

page 236) and IF, and set an internal preamp.

Traces (see page 237) Specifies the display trace parameters and also allows you to save traces.

Scale (see page 238) Specifies the scale settings that control how the trace appears on the display but does not

change control settings.

Prefs (see page 239) Specifies display view.

Overview Tab

The Overview tab is used to specify the measurement type that appears in the display. You can also use the
images in the tab to quickly navigate to tabs that allow you to adjust parameters at key places in the circuit
system. You can select either Amp/Direct, Up Converter, or Down Converter as the measurement type.
If you are using an up frequency converter, for example, you would want to select Up Converter.

Overview |Freq Setup I Hoise Source I Ext Gain/Loss Corrections | Paramns | Internal Settings | Tmcesl Saale | Prefs |

Measurement Type
Gain/Loss Gain/Loss

e [/ N o BN - RN

Source ENR:
Constant: 15 dB

The above image shows the Overview tab with Amp/Direct selected.

Overview ‘ Freq Setup | Noise Source I Ext Gain/Loss Correctionsl Pammsl Internal Settingsl Traces I Scale I Prefs |

Measurement Type
Gain/Loss GainfLoss

o G of =
(][ o LAY > -
Source ENR: ‘@I SrriEEE

Constant: 15 dB 1.500 GHz

The above image shows the Overview tab with Up Convertor selected.

Setting Description

Measurement Type Specify whether the measurement should account for a frequency converter (Up
Converter or Down Converter) or not (Amp/Direct).
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Freq Setup Tab

232

Freq Setup Tab

The Freq Setup tab is used to specify the frequency mode (Sweep, Single, or Frequency Table). If you
select the Frequency Table, you can edit and load an existing table or save a table.

Overwew | Freq Setup | Nose Source | Ext Gain/Loss Table | Settngs | Traces | scale | refs

Frequency Made: Center Freq:  1,.50000 GHz Frequency (Hz) = || Edk Tabie
Sweep Frequency = Span: 40,00 MHz 1.480G &l LloadTaa
Start Frag: 148000 GHz Lagas —
L4865 Save fs
Stop Freq: 152000 GHz
Stape 11 i
14866
Setting Description
Frequency Mode Set to Single Frequency, Sweep Frequency, or Frequency Table. To set the band of

interest for Sweep Frequency, set the Start and Stop frequencies and then specify the
Steps value for the number of measurement points you want to have. To set the band of
interest for Single Frequency, set the Center Frequency value. To use the Frequency
Table, you can edit the current table, load an existing table, or save the current table.

Center Frequency

Specify the center frequency (GHz).

Span Specify the range over which to measure the signal. (Only available with Sweep mode.)

Start frequency Specify the minimum frequency to include in the measurement. (Only available with
Sweep mode.)

Stop frequency Specify the maximum frequency to include in the measurement. (Only available with
Sweep mode.)

Steps Specify the number of steps in the measurement range. This value determines how
many steps (rows) are in the frequency table. (Only available with Sweep mode.)

Table You can edit an existing frequency table, load a previously saved table, or save a table.
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Noise Source Tab

The Noise Source tab is used to specify the Noise mode (constant or table) and the ENR constant. If you
select Table mode, you can edit and load an existing table or save a table.

Overview | Freq Setup | Noise Source | Ext Gain/Loss Corrections | Params | Internal Settings | Prefs |

Mode: ENR Constant: Frequency ENR +|| Edit Table
- : £| | Load Tabl
Moise Source Model: 2.90 GHz 15.00 dB
3468 10MHz - 18 GHz 2.90 GHz 15.00 dB
MNoise source Serial Number: 2.90 GHz 15.00 dB
2037A02333 2,90 GHz 15.00d8 7
Setting Description
Mode Set mode to Constant or Table. For Constant, set the ENR value. For Table, enter the
noise source model and serial number.
To use the Table, you can edit the current table, load an existing table, or save the
current table.
You can also load a predefined noise source. These values are useful starting points
because they contain the frequency points for common noise sources, along with
representative excess noise ratios. However, you must enter your own ENR values.
ENR Constant Specify the excess noise ratio (ENR) value. The ENR is the difference between the two

power levels calculated in a Y-Factor measurement.

Noise Source Model

Specify the model of the noise source. (Only available with Table mode.)

Noise Source Serial Number

Specify serial number of the noise source. (Only available with Table mode.)

Table

You can edit an existing Noise Source table, load a previously saved table, or save a
table.

Ext Gain/Loss Corrections Tab

The Ext Gain/Loss Corrections tab is used to specify external gain and loss values. You can set loss values
for three common loss scenarios: loss at the DUT input, loss at the DUT output, and loss at calibration.
You can also edit directly in an external loss table.

Overview | Freq Setup | Noise Source | Ext Gain/Loss Carrections | params | Intemal Settings | Traces | Scale | Prefs |

Constant Values  External Loss Tables (Loss > 0, Gain < 0) Temperature
Loss @ DUT Input: [7] 0.0 dB [F] |Ext Loss Table 1 Edit... 290 K Use Ref
Loss @ DUT Output: [7] 0.0 dB [F] |Ext Loss Table 2 Edit... 290k Use Ref
Loss @ Calioration: 7] 0.0 dB [ [Ext Loss Table 3 Edit... 290 K Use Ref

(Loss < O, Gain > 0)
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Setting Description

Constant values Specify up to three external gain values (dB). Use these settings to apply a flat gain/loss
correction to the signal. Positive values represent a gain and negative values represent a
loss. The range is =50 to +30 dB. Resolution is 0.1 dB.

Loss @ DUT Input This specifies the loss at the DUT input. For example, this can be the result of an adapter
connected between a waveguide adapter and the DUT input.

Loss @ DUT Output This specifies the loss at the DUT output. For example, this can be the result of an
adapter connected between the DUT output and the analyzer.

Loss @ Calibration This specifies the total loss in the calibrated system. For example, if an adapter must be

used during calibration that is not present during measurements, the frequency response
of the adapter can be removed with this correction table.

External Loss Tables Each loss component (at DUT input, DUT output, and at calibration) can use an External
Loss Table for correction of loss versus frequency. When an External Loss Table is
selected, the analyzer adjusts the signal according to the values in the table. An external
loss table allows you to compensate the signal level for variations in cable loss, antenna
frequency response or preamp frequency response. You can read more about using
Loss Tables here (see page 483).

Temperature Specify the temperature (K) of the loss elements. The temperatures are used in adjusting
the measured results based on the temperature difference of the loss elements compared
to the reference temperature. You can also use the reference temperature for these
values by selecting the click-box. The reference temperature is entered in the Params tab.

The following image shows the External Loss Table setup window.

Add Pont X Frequency ¥: Loss (Atten)
Frequency Intempokiton I
& Linsar
Loy {affacts ooy

Trace Cormaction}
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Params Tab

The Params tab is used to specify the local oscillator (LO) and RSA settings, reference temperature,
resolution bandwidth (RBW), and average count.

| overview | Freq Setup | Noise Source | Ext Gain/Loss Corrections| Params | mtemal Settings | Traces | scale | prefs |

Params Tab

RSA Settings LO Settings
Settle Time (On): 27 ms Ref Temperature: 290 K Frequency: 1.500 GHz
Settle Time (Off): 1.001s REVW:  1.00 MHz
Average Count: 1
Setting Description
RSA Settings The Settle Time sets the time the RSA will pause before measuring after turning the
noise source On or Off to assure measurement stability. The required settling time for
your measurement setup will vary with the noise source used. The default values have
been set for Noisecom 346B series noise sources. Settling time for your noise source
may be different and can be determined by judging the stability of your measurement as
the settle time is varied.
Ref Temperature Sets the reference temperature (K).
RBW Sets the resolution bandwidth (MHz).
Average Count Sets the number of measurements to average.
LO Settings Sets the frequency of the local oscillator, which is an oscillator that produces the internal

signal that is mixed with an incoming signal to produce the IF signal. Set the Side Band
to Upper, Lower, or Double.
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Internal Settings Tab

236

The Internal Settings tab is used to specify the reference level (dB) for the signal analyzer's RF front
end, the settings for the internal attenuator, enable/disable the optional internal preamp, and specify the
RF & IF Optimization. If you use the application preset for Noise Figure and Gain, these settings will

be automatically optimized for the best measurements. The application preset will turn the preamplifier
on, set the attenuator to 0 dB, and set RF/IF optimization to minimize noise using 25 MHz bandwidth
acquisitions. In instruments that have wider acquisition bandwidths, measurement speed can be improved
by setting the RF & IF Optimization to Best for multiple displays. This allows use of wider acquisition
bandwidths, but causes a slight reduction in ultimate instrument noise floor.

| overview | Freq Setup | Noise Source | Ext Gain/Loss Table | Params | Internal Settings | Traces | Scale | Prefs

Ref Level: 0.00 dBm [[] nternal Preamp
1.0 MHz - 6.2 GHz

Internal Attenuator: 25 dB [¥] Auto

RF & IF Optimization: | Best for multiple displays =

Setting Description
Ref Level Specify the reference level (dB) for the signal analyzer's RF front end.
Internal Attenuator Set to Auto or manual. When Auto mode is enabled, the attenuation setting is displayed

but is not adjustable. When Auto is disabled, the attenuator operates in manual mode,
allowing you to set the internal attenuation. The internal attenuation setting range is 0

- 75 dB.

RF & IF Optimization Specifies how the gain and bandwidth should be optimized (in the RF and IF stages of
the front end). Read about these settings here .

Internal Preamp Switch the preamp on or off. To ensure the best accuracy, turn on the Internal Preamp and

allow it to run for 20 minutes to thermally stabilize before taking critical measurements.
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Traces Tab

The Traces tab is used to specify the display trace parameters and also allows you to save traces. This
tab is available for trace displays only.

Overaew | Fraq Setup | Hose Source | Ext GanjLoss Table | Setongs| Traces | Scale | Prafs
Trace: | Traca 1 - #| Show Freeze Save Trace As..
Detectian: :A-.-u (WRMS) =

Function: | Hoernal -

This is the Traces tab when Function is set to Normal.
Ovenview | Frag Setup | Nose Source | Ext Gan/Loss Tabie | Settngs| Treces |Scale | Prefs
Trace: |Trace 1 - | Show Fraaze | Sava Traca As...
Detection: [Avg (VRMS) =

| Count

Function: |Max Hold - 0

This is the Traces tab when Function is set to .

Setting Description

Trace Specify up to three traces and whether or not to show the traces of freeze them.
Detection Detection is set to Average (VRMS).

Function Specify the trace function as Normal, Average (VRMS), Max Hold, or Min Hold.
Count Specify the trace count.

(Only available for Noise
Temperature display)
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Scale Tab

238

The Scale tab allows you to change the scale settings that control how the trace appears on the display but
does not change control settings such as Frequency. In effect, these controls operate like pan and zoom
controls. This tab is only available for trace displays.

| overview | Freg Setup | Noise Source | Ext Gain/Loss Table | Params | Internal Settings | Traces| Scale | prefs |

Vertical Horizontal
Scale:  50.0 df Scale: 3.0 GHz
e Position:  1.5050 GHz
Auto
Settings Description
Vertical Controls the vertical position and scale of the trace display.
Scale Changes the vertical scale of the graph.
Position Adjusts the reference level away from top of the graph.
Autoscale Resets the scale of the vertical axis to contain the complete trace.
Auto When Auto is checked, the scale and position values for the are automatically adjusted
to maintain the optimal display.
Reset Resets horizontal and vertical values to default values.
Horizontal Controls the horizontal position and scale of the trace display.
Scale Changes the horizontal scale of the graph.
Position Adjusts the horizontal reference level of the graph.
Autoscale Resets the scale of the horizontal axis to contain the complete trace.
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Prefs Tab

The Prefs tab is used to set display preferences. You can set preferences to show measurement points,
graticule, trace legend, scale, units, or to view a linear display of results instead of dBm depending on the
selected display.

The following image shows the Prefs tab for all of the trace displays.

| Overview I Freq Setup | Noise Source I Ext Gain/Loss Table I Params I Internal Settingsl Tracesl Scale | Prefs |

[7] Show measurement points
[¥] Show graticule

[T]Show trace legend

The following image shows the Prefs tab for the Noise Table display.

| D\rer\riewl Freq Setup I Moise Source | Ext Gain/Loss Table I Params I Internal Settingsl Prefs |

[ Linear Power Units

The following image shows the Prefs tab for the Noise Figure display.

| ovanview | Frea Setup | Hotss Source | Ext Gain/Loss Table | Params | internal Settings | Traces | Scale | Prefs
|7 Show measuramant points Linear Units
+| Show graticule

Show trace lagend
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Overview

The displays in Pulsed RF (Displays > Measurements > Pulsed RF) are:
®  Pulse Statistics

m  Pulse Table

B Pulse Trace

The Pulse measurements provide deep insight into pulse train behavior.

Pulse Measurements

The analyzer takes the following pulse measurements: Average ON Power, Peak Power, Average
Transmitted Power, Pulse Width, Rise Time, Fall Time, Repetition Interval (Sec), Repetition Rate
(Hz), Duty Factor (%), Duty Factor (Ratio), Ripple, Droop, Pulse-Pulse Phase Difference, Pulse-Pulse
Frequency Difference, RMS Frequency Error, Maximum Frequency Error, RMS Phase Error, Maximum
Phase Error, Frequency Deviation, Delta Frequency, Phase Deviation, and Time. See Available
Measurements (see page 33) for definitions.

Pulse Table Display

The Pulse Table lists selected measurements in a spreadsheet format, showing the pulse numbers and all
the results for each measurement on all the detected pulses. Pulses are numbered from one.

s Freq Error: 169.1 Hz (Auto) Freq: 2.700000169 GHz

2vg OM Peak 2vg Tx Width Rise Fall Rep Int Rep Rate Ri ~
1 -2.3542 dBm |-2.2729 dBm |-18.732 dBm |5.1147485 us | 70.286255 ns |69.794922 ns | 22095078 us |4.525895 kHz |01
2 -2,3518 dBm |-2.2345 dBm |-18,167 dBm | 7.2183543 us | 70.688479 ns | 70.083004 ns | 27567105 us |3.627512 kHz |01
3 -2,3510 dBm |-2.2595 dBm |-18.619 dBm |5.2991536 us | 71.052249 ns |69.774167 ns | 22323629 us |4.479559 kHz |01
4 -2,3551 dBm |-2.2816 dBm |-18.731 dBm |5.1165252 us | 70.684202 ns | 70.438233 ns | 22096363 us |4.525632 kHz |01
3 -2,3513 dBm |-2.2713 dBm |-18,192 dBm | 7.2066669 us | 71.347657 ns | 70.579837 ns | 27549471 us | 3.629834 kHz |01
&}
7
=]

m

-2,3531 dBm |-2.2518 dBm |-18.567 dBm |5.4644311 us | 70.315551 ns | 70.734863 ns | 22846991 us |4,376944 kHz |0
-2,3537 dBm |-2.2510 dBm |-18,727 dBm |5.1185839 us | 71.486205 ns | 70.560304 ns | 22090306 us |4.526873 kHz |01
-2,3530 dBm |-2.3067 dBm |-18,157 dBm | 7.2754278 us | 70.033572 ns |69.621585 ns | 27590856 us | 3.624389 kHz |01

a -2.3547 dBm |-2.2646 dBm |-18.667 dBm |5.1216639 us | 70.291136 ns |69.699709 ns | 218.00389 us |4.587074 kHz |01
10 -2,3505 dBm |-2.2762 dBm |-18,735 dBm |S.1066654 us |69.887697 ns | 70.510254 ns | 22097585 us |4.525381 kHz |0
11 -2.3541 dBm |-2.2895 dBm |-18,198 dBm |7.1933723 us | 70.523072 ns | 70.412597 ns | 27521345 us | 3.633543 kHz |0
12 -2,3528 dBm |-2.2509 dBm |-18.556 dBm |5.7297557 us | 70.941773 ns |69.781493 ns | 23795580 us |4.202461 kHz |01
13 -2,3561 dBm |-2.2638 dBm |-18.444 dBm |6.0395946 us | 71.277462 ns | 70.528564 ns | 244,25826 us |4.094027 kHz |01
14 -2,3530 dBm |-2.3083 dBm |-18,730 dBm |5.1135430 us | 70.236204 ns |69.981688 ns | 22097836 us |4.525330 kHz |01
135 -2,3500 dBm |-2.3191 dBm |-18,193 dBm |7.2002217 us | 71.079711 ns | 71.169431 ns | 27533952 us | 3.631880 kHz |01

16 -2.3559 dBm |-2.2768 dBrm |-18.572 dBm |5.6117051 us | 69.582519 ns | 70.191653 ns | 233.68913 us |4.279189 kHz 0.1
17 -2.3563 dBm |-2.3134 dBm |-18.668 dBm |5.1218622 us | 70.316162 ns |69.885253 ns | 21800520 us |4.587046 kHz |01
13 -2,3558 dBm |-2.2804 dBrm |-18.740 dBrm |5.1066395 us | 70.247183 ns |69.825440 ns | 22096526 us |4.525598 kHz |01
19 -2.3564 dBrm |-2.2648 dBm |-18.195 dBm |7.2042967 us | 71.071774 ns | 70.909422 ns | 2735,35643 us | 3.631656 kHz |01
20 -2,3509 dBrm |-2.2886 dBm |-18.573 dBm | S.6035314 us | 70.825806 ns | 70.736085 ns | 23368525 us |4.279260 kHz |01
21 -2.3566 dBm_|-2.2565 dBm |-18.669 dBm |5.1220964 us | 71.097411 ns | 70.708005 ns | 21800013 us |4.587153 kHz |04
) -2.3541 dRm |-2.2A46 dRm |-1R.735 dRm |5.111A199 115 | 71.0R337N ns | /9. 7424734 ns | 22N.97304 115 | 4.525430 kHz (N1 7
I 3
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Displaying the Pulse Table
1. Press the Displays button or select Setup > Displays.

Select Pulsed RF in the Measurements box.

Pulse Table Settings

2
3. Double-click Pulse Table in the Available displays box to add the display to the Selected displays box.
4

Click OK.

Selecting the Measurements to Show
1. With the Pulse Table selected, press the Settings button.

2. In the Pulse Table Settings control panel, select the Measurements tab.

Measurermerts |Darams IDeﬁne ILeveIs IFreq Estimati0n|

) .
Show in Pulse [V] &verage OM Power Select al
Fieak Power
Clear 4l

Average Trarsmitted Power
Pulse Width
Rize Time 4

3. Select the measurements you wish to take from the list of measurements or click Select all to choose

all measurements.
4. Click the close box () to remove the Settings control panel.

Changing the Pulse Table Display Settings (see page 242)

Pulse Table Settings

242

Menu Bar: Setup > Settings

Application Toolbar: &

The Settings control panel tabs for the Pulse Table Display are shown in the following table.

Settings tab Description

Measurements (see page 243) Selects the measurements to be show in the Pulse Table.

Params (see page 248)

Specifies several parameters that control how pulses are counted and defined.

Define (see page 250)

Specifies parameters that control where measurements are taken on a pulse.

Levels (see page 255)

values.

Specifies parameters that control the method and levels used to calculate some pulse

Freg Estimation (see

page 255)

Specifies the reference used for computing frequency errors.

Restore defaults. Sets the Pulse Table parameters to their default values.
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Measurements Tab

The Measurements tab is used to specify the measurements that appear in the Pulse Table.

Measuremerts |Params IDeﬁne ILeveIs | Freq Estlmatlon|

Show in Pulse [¥] Average ON Power

Peak Pawer
Clear al
Average Transmitted Power
Pulse Width
Rise Time <
Show in Pulse

Checked measurements appear in the Pulse Table.

Select all

Click Select all to choose all measurements for display in the Pulse Table.

Clear all

Click Clear all to remove all measurements from the Pulse Table display.

Pulse Trace Display

The Pulse Trace display shows one measurement result and a trace graph illustrating that measurement
for a selected pulse number. You can also choose to display arrows and lines in the graph that illustrate
where on the pulse the measurement is being taken.

RSAS5100A Series Printable Help 243



Pulsed RF

Pulse Trace Display

Elements of the Pulse Trace Display

@00

© 2.73 dBm
Resu\t:

= deydi
Hlm mlugfa

Item

“ Pulse 1
@ 5.115us

-97.27 dBm

[Autescale | © 973 us

™
< Sale: 7.16us

®

Display element

@ 0519031

Description

Check mark indicator

The check mark indicator in the upper, left-hand corner of the display shows
when the Pulse Trace display is the optimized display.

NOTE. When Best for multiple windows is selected in the Amplitude control
panel's RF & IF Optimization control, none of the measurement displays
shows a checkmark, as there is not a single optimized measurement.

Result

Use this list to select the measurement to show. The measurement chosen
here selects the same result to be displayed in the Statistics view and
highlighted in the Table view. Selecting a result in any of these views causes
the same result to be selected in all of them.

Pulse

Selects which pulse result is shown. Like the Result, this selection is shared
with the Statistics and Table views. The maximum number of pulses that
can be measured is limited to 10000.

Pulse threshold indicator

This green triangle indicates the power threshold used to detect pulses. See
Settings > Params > Power threshold to detect pulses.

Autoscale

Set the axes to values that show all trace points.

Horizontal offset and scale

Located along the bottom edge of the trace display, these controls specify the
offset and scale on the horizontal axis.

Top of graph adjustment

Sets the power level shown at the top of the graph. If the number is greater
than the Ref Level, a white line will appear in the graph to indicate the Ref
Level.

Vertical scale

Sets the vertical scale value.

244
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Changing the Pulse Trace Display Settings (see page 245)

Pulse Trace Settings

Menu Bar: Setup > Settings

Application Toolbar: &

The Setup settings for the Pulse Trace display are shown in the following table.

Settings tab Description

Params (see page 248) Specifies several parameters that control how pulses are counted and defined.

Define (see page 250) Specifies parameters that control where measurements are taken on a pulse.

Levels (see page 255) Specifies parameters that control the method and levels used to calculate some pulse
values.

Freq Estimation (see Specifies the reference used for computing frequency error.

page 255)

Scale (see page 257) Specifies the vertical and horizontal scale settings.

Prefs (see page 258) Specifies whether on not certain display elements are shown.

Pulse Statistics Display

The Pulse Statistics view displays a plot of a pulse measurement's values for every pulse in the analysis
period. For example, the Pulse Statistics display will show the rise time measurement for each of 30
pulses, with rise time on the Y axis and pulse number on the X axis. Alternatively, the Statistics Display
can show an FFT trace for the values of a measurement over all the pulses analyzed. Numeric readouts of
Max, Min, and Average in this display summarize results for the selected pulse measurement.
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Elements of the Pulse Statistics Display

Q)
@
®
O

© 716 ns
Result:

‘ |R\se
¢ Pulse 26
70.26 ns
Max: 71,49 ns
Min: 69,44 s
Avg: 70.64 ns

‘ ¢ B9.3nNs

®@e

; | Trend ~ | [ Autoscale | © 1

e ® @ @
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Item Display element Description

1 Check mark indicator The check mark indicator in the upper, left-hand corner of the display shows
when the Pulse Statistics display is the optimized display.

NOTE. When Best for multiple windows is selected in the Amplitude control
panel's RF & IF Optimization control, none of the measurement displays
shows a checkmark, as there is not a single optimized measurement.

2 Result Use this list to select which measurement statistics to display. The
measurement chosen here selects the same result to be displayed in the
Pulse Trace display and the Pulse Table display. Selecting a result in any of
these views causes the same result to be selected in all of them.

3 Pulse Selects which pulse's result is shown. Like the Result, this selection is shared
with the Statistics and Table views.

Statistics summary Display of measurement statistics for the selected Result.

Vertical range Located at the top of the left graph edge and at the bottom of the left graph
edge, use these controls to adjust the values at the top of the graph and the
bottom of the graph.

6 Plot Selects from Trend, Time Trend, FFT, and Histogram for the graph.

7 Autoscale Set the axes to values that show all trace points.

8 Horizontal offset Adjusting this value moves the graph right or left.

9 Trigger indicator Indicates the trigger point on the pulse train if the trigger occurred during the
time frame of the pulse measurements.

10 Pulse indicator For Trend and Time Trend plot types, this indicates the pulse selected by the
Pulse setting. For the FFT plot type, this indicator marks the trace point at
the selected frequency. For Histogram plot types, this indicator marks the
selected results bin.

" Scale Adjusts the horizontal scale.

Changing the Pulse Statistics Display Settings (see page 247)

Pulse Statistics Settings

Menu Bar: Setup > Settings

Application Toolbar: &b

The settings for the Pulse Statistics Display are shown in the following table.
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Settings tab

Pulsed RF Shared Measurement Settings

Description

Params (see page 248)

Specifies several parameters that control how pulses are counted and defined.

Define (see page 250)

Specifies parameters that control where measurements are taken on a pulse.

Levels (see page 255)

Specifies parameters that control the method and levels used to calculate some pulse
values.

Freq Estimation (see

page 255)

Specifies the reference used for computing frequency errors.

Scale (see page 257)

Specifies the vertical and horizontal scale settings.

Prefs (see page 258)

Specifies whether or not certain elements of the display are shown.

Pulsed RF Shared Measurement Settings

The control panel tabs in this section are shared by the displays in the Pulsed RF folder (Setup > Displays).
Changing a setting on one tab changes that setting for all the Pulsed RF displays.

Common controls for pulsed RF displays

Settings tab

Description

Params (see page 248)

Specifies several parameters that control how pulses are counted and defined.

Define (see page 250)

Specifies parameters that control where measurements are taken on a pulse.

Levels (see page 255)

Specifies parameters that control the method and levels used to calculate some pulse
values.

Freg Estimation (see

page 255)

Specifies the reference used for computing frequency errors.

Scale (see page 257) Specifies the vertical and horizontal scale settings.
Prefs (see page 258) Specifies whether or not certain elements of the display are shown.
Params Tab

248

The Params tab enables you to adjust several measurement parameters for Pulsed RF displays.

Pararns |Deﬁne | Levels I Freq Estirnation IScaIe IPrefs |

Measurernent Filter: Power threshold to detect pulses:  -12 dec

Bandwidth: 10 MHz

Minirurm OFF time between pulses: 0,000 s

[ Max number of pulses: 100
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Setting Description

Measurement Filter Specify whether a filter is used to limit the bandwidth of the input signal.

Bandwidth Sets the bandwidth of the measurement filter.

Power threshold to detect Specifies the level used for locating pulses in the data.

pulses

Minimum OFF time between Specifies the time the signal must fall below the power threshold for two pulses to be
pulses considered separate pulses.

Max number of pulses Specifies the number of pulses to measure within the analysis time.

Measurement Filter
Three choices are available for the measurement filter:

= No Filter - Max BW: The widest acquisition bandwidth available is used. The Bandwidth setting is
disabled, but shows the value in use.

B No Filter: - This is the default. The Bandwidth control is enabled for you to specify an acquisition
bandwidth.

®m  Gaussian - The Bandwidth control is enabled for you to specify a value. The instrument uses an
acquisition bandwidth two times wider than the entered value.

Power Threshold to Detect Pulses

Specifies the minimum power level the trace must exceed to be detected as a pulse. The range for this
setting is: -3 to -70 dBc. The setting resolution is 1 dB. The default value is -10 dB.

Max Number of Pulses

If the Analysis Time contains fewer pulses than specified, the analyzer will measure all the pulse within
the analysis time. If there are more pulses in the Analysis Time, than the specified number, the analyzer
measures the specified number of pulses and ignores the rest. The range for this setting is: 1 - 10000.
The setting resolution is: 1. If this setting is not checked, the analyzer will measure all pulses within the
Analysis Time, up to a maximum of 10000 pulses.

To determine the maximum number of pulses that can be analyzed, use the following equation:
Mazx number of pulses that can analyzed = Pulse Rate x capacity

where:

B Pulse rate is the number of pulses per second (frequency).

B Capacity is a length of time which is displayed on the Acquire > Sampling Parameters tab.

Note that the maximum number of pulses is affected by several parameters. For example, measurement
bandwidth affects the sample rate. The measurement algorithm also can reduce the maximum number of
pulses that can be analyzed (by increasing the sample rate) based on the characteristics of the signal.

Additionally, when FastFrame is enabled, determining the maximum number of pulses is even more
challenging. In FastFrame mode, the signal analyzer samples the signal around events of interest and
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ignores the signal between events of interest. Thus, if the instrument is only looking at pulses and
ignoring the signal between pulses, the number of pulses that can be analyzed depends strongly on the
characteristics of the pulse itself (for example, fewer wide pulses can be analyzed than narrow pulses,
all other things being equal).

Define Tab

The Define tab enables you to specify parameters that control where measurements are made on a pulse.
The settings available depend on the measurement selected.

| Params | Define |Levels I Freq Estimation I Scale I Prefs |

Time method: | Absolute hd

Measurementis):

’Impulse Response v] Ref (R): 100 %

Apply arnpl corrections

AT TN

Keep-out time (+/-): 0.000 ¢

R

=

L

Start (S} 0.000 5

Length (L) 1.00us

L

The following paragraphs describe the settings that appear on the Define tab according to the
Measurement(s) selection.

Freq-Domain Linearity

| Pararms | Define |Levels I Freq Estimation I Scale I Prefs |

Tirme method: | Absolute -
N N

R 5 L

Measurementis):

’Freq-domain Linearity v] Ref (R): 100 %

Start (5): 0.000s

Length (L) 1.00us
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Setting Description
Time method Specifies how the measurement's duration is determined. The choices are

Absolute and Relative.

Absolute time method

Ref (R)

Ref specifies the level along the pulse rising edge that is defined as the point
from which Start time is counted. Choices: 50%, 60%, 70%, 80%, 90% 100%;
Default: 100%

Start (S)

Start specifies the time the instrument waits after the rising-edge reference before
starting to measure the pulse. The Start time is measured from the point along the
pulse rising edge specified by the Ref setting. Start Range: £100 ms; Resolution:
3 digits; inc/dec small: 1 ns, large: 1,2,5,10...; Default: 0

Length (L)

Length specifies the period of time that is used for pulse measurements The
measurement time begins at the Start point and continues for the amount of time
specified by Length.

Relative time method

Length

In the Relative time method, Length specifies the percentage of the top of the pulse
that is used for measurements. The instrument automatically determines the pulse
top. The measurement length is centered within the pulse ON time.

Impulse Response

| Params | Define |Levels | Freq Estimation | Scale | Prefs |

Measurementis):

IImpuIse Response - ‘

Apply ampl corrections
Keep-out time (+/-): 0.000 s

L

Tirne method: | Absclute - Ref (R): 100 %
M\ Start (): 0.000 5

R 5 L
Length (L): 1.00 us
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Setting

Define Tab

Description

Apply ampl corrections

Enable/disable corrections that remove errors due to the window function and to
the time offset of the side lobe.

Keep-out time (+/-)

The Keep-out time specifies a region that is ignored when the trace is analyzed for
side lobes. The setting defines a region to the left and to the right of the center

of the main lobe. Lobes that fall within this time region are not eligible to be the
“highest side lobe”.

Time method

Specifies how measurement parameters are determined. The choices are
Absolute and Relative.

Absolute time method

Ref (R)

Ref specifies the level along the pulse rising edge that is defined as the point
from which Start time is counted. Choices: 50%, 60%, 70%, 80%, 90% 100%;
Default: 100%

Start (S)

Start specifies the time the instrument waits after the rising-edge reference before
starting to measure the pulse. The Start time is measured from the point along the
pulse rising edge specified by the Ref setting. Start Range: £100 ms; Resolution:
3 digits; inc/dec small: 1 ns, large: 1,2,5,10...; Default: 0

Length (L)

Amount of time that should be included in the measurement. The measurement
time begins at the Start point and continues for the amount of time specified by
Length.

Relative time method

In the Absolute time method, Length specifies the period of time that is used for
pulse measurements.

Length

In the Relative time method, Length specifies the percentage of the top of the pulse
that is used for measurements. The instrument automatically determines the pulse
top. The measurement length is centered within the pulse ON time.

Freq Diff, Phase Diff

Params | Define | Levels | Freq Estimation | Scale | Prefs

Measurementis):
Freq Diff, Phase Diff -

Setting

w Measurernent point: 1.000 us

Description

Measure point

Specifies the period in time after the 50% rising edge at which frequency and
phase difference measurements are made.
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Ripple
| Params | Define |Levels | Freq Estimation | Scale | Prefs |
Measurement(s):
[Ripple v] Time method: | Relative 100 %
_/ﬁ:,i—i\ 0.000 s
L%
Te—100%—T
Length (L): 50.0 %
Setting Description
Length Length specifies the percentage of the top of the pulse that is used for
measurements. The instrument automatically determines the pulse top. The
measurement length is centered within the pulse ON time. Only the Relative Time
method is available for Ripple.
Overshoot

| Params | Define |Levels | Freq Estimation | Scale | Prefs |

Measurement(s):

[Overshoot v] Tirme method; Ref (R): 100 %

" Start (5): 0.000 =
RS L%

Length (L): 25.0 %
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Setting Description
Time method Specifies how measurement parameters are determined. The choices are

Absolute and Relative.

Absolute time method

Ref (R)

Ref specifies the level along the pulse rising edge that is defined as the point
from which Start time is counted. Choices: 50%, 60%, 70%, 80%, 90% 100%;
Default: 100%

Start ()

Start specifies the time the instrument waits after the rising-edge reference before
starting to measure the pulse. The Start time is measured from the point along the
pulse rising edge specified by the Ref setting. Start Range: £100 ms; Resolution:
3 digits; inc/dec small: 1 ns, large: 1,2,5,10...; Default: 0

Length (L)

Amount of time that should be included in the measurement. The measurement
time begins at the Start point and continues for the amount of time specified by
Length.

Relative time method

Ref

Ref specifies the level along the pulse rising edge that is defined as the point
from which Start time is counted. Choices: 50%, 60%, 70%, 80%, 90% 100%;
Default: 100%

Start

Start specifies the time the instrument waits after the rising-edge reference before
starting to measure the pulse. The Start time is measured from the point along the
pulse rising edge specified by the Ref setting. Start Range: £100 ms; Resolution:
3 digits; inc/dec small: 1 ns, large: 1,2,5,10...; Default: 0

Length

In the Relative time method, Length specifies the percentage of the top of the pulse
that is used for measurements. The instrument automatically determines the pulse
top. The measurement length is centered within the pulse ON time.
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Levels Tab

Use the Levels tab to set parameters that control the method and levels used to calculate some pulse values.

| Params | Define | Lewvels |Freq Estimnation | Scale | Prefs |

100% Lewel S50% Level RisefFall Levels
Puise A e
Llse Avarage o
@
' smplitude @ Yoltage @ 10 - 90%

100%s

Ind dent R 100%%:
i A L

Setting Description

100% Level Specifies the method used to determine the 100% level(s).

50% Level Specifies the method used to determine the 50% level on the pulse.

Rise/Fall Levels Select whether to use the 10% to 90% or 20% to 80% points (based on voltage level)

to define the rise and fall times.

100% Level

Use the 100% Level settings to select the method used to determine the 100% level(s) used for calculating
pulse parameters, for example, Rise, Fall, and Width.

The Pulse Average Amplitude defines the pulse top as the average of the values of all the points along
the pulse top. This average is used as the 100% level, from which the 10, 20, 50, 80 and 90% levels are
calculated. Pulse measurements are referenced against these various levels. For example, Rise is the time
between the 10 and 90% (or 20 and 80%) levels on the rising edge of the pulse. When the Pulse Average
Amplitude method is selected, the same 100% level is used for both rising and falling edges.

Because some RF pulse types have droop (a height difference between the beginning and ending points of
the pulse top), the 100% percent level on the rising edge may not be equal to the 100% level on the falling
edge. The Independent method of pulse point location is designed for pulses with different 100% levels
at their rising and falling edges. The Independent method calculates the 100% level for the rising edge
separately from the 100% level of the falling edge. As a result, the 10, 20, 50, 80 and 90% levels are also
different for the rising and falling edges, allowing for more accurate measurements on pulses with droop.

50% Level

Select Voltage to use -6 dB as the 50% point. Select Power to use -3 dB as the 50% level.

Freq Estimation Tab

Use the Freq Estimation tab to specify parameters used for determining frequency offset.
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Freq Estimation Tab

| Params | Define | Levels | Freq Estimation |Scale | prefs |

Pulse Freguency Reference
Modulation type:
Freq Offset: 1591 Hr Auto
lLinear Chirp 'I
Chirp Slope: &L.O000 s Auto
Setting Description
Modulation type Specifies which algorithm to use for estimating frequency error.

Pulse Frequency Reference

Specifies the method used to determine the pulse frequency error and if applicable,
the chirp slope.

Auto Selecting Auto causes the instrument to calculate the frequency offset and if applicable,
the chirp slope.

Freq Offset If Auto is not enabled, specify the value for frequency offset here. If Auto is enabled, the
offset is set to zero and this readout displays the calculated frequency error.

Chirp BW If Auto is not enabled, specify the value for Chirp Slope here. If Auto is enabled,
this readout displays the calculated Chirp slope. This setting is used only when the
modulation type is set to Linear Chirp.

Modulation Type

Frequency estimation is performed by the instrument using selectable methods, depending on signal type.
The selections for modulation type are CW (constant phase), CW (changing phase), Linear Chirp and
Other. Select the method of frequency method based upon a best match to your signal based on the

following descriptions:

B CW (constant phase): The signal is not designed to change in either frequency or phase during the
measured pulse train.

B CW (changing phase): The signal does not change the carrier phase within each pulse, although it
could change the phase from one pulse to another pulse. The signal is not designed to make frequency

changes.

B Linear Chirp: The signal changes frequency in a linear manner during each pulse. The signal has the
same carrier phase at the same time offset from the rising edge of the pulse.

m  Other: The signal is not one of the listed types. You must manually enter the Frequency Offset value.

The following table maps the appropriate signal type selection with the signal characteristics.

Signature Phase offset from one pulse to another

Zero Any (unknown)
Cw CW Constant Phase CW Changing Phase
LFM Linear Chirp N/A
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Scale Tab

Scale Tab

The Scale tab allows you to change the vertical and horizontal scale settings. Changing the scale settings
changes how the trace appears on the display but does not change control settings such as Measurement
Frequency. In effect, these controls operate like pan and zoom controls.

| Params | Cefing | Levels | Freq Estimation | Scale |F‘refs |

Wertical Horizontal
Scale:  100.00 dB Scale: 348 ns Full scale:
Paosition: 2,73 dBm Reset Stale Positioh:  6.99 ms ® Selected
ETTE ]
Setting Description
Vertical Controls the vertical position and scale of the trace display.
Scale Changes the vertical scale. The units for this setting depend on the statistic selected
from the Result drop-down list in the Pulse Statistics display.
Position Adjusts the Reference Level away from the top of the trace display. The units for this
setting depend on the statistic selected from the Result drop-down list in the Pulse
Statistics display.
Autoscale Resets the scale of the vertical axis to contain the complete trace.
Horizontal Controls the span of the trace display and position of the trace.
Scale Allows you to change the span.
Position Allows you to pan a zoomed trace.

Full Scale (Pulse Trace

Specifies the Horizontal scale default.

display only)
Selected Sets the horizontal scale default to be based on the result value for the currently-select
pulse.
Max Pulse Sets the horizontal scale default to be based on the largest value for the selected pulse
measurement.
Autoscale Resets the scale of the horizontal axis to contain the complete trace.

Plot (Pulse Statistics display
only)

Specifies the FFT, Trend, Time Trend, or Histogram plot.

Reset Scale

Restores all settings to their default values.
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Prefs Tab
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Prefs Tab

The Prefs tab enables you to change parameters of the measurement display. The parameters available on
the Prefs tab vary depending on the selected display.

|Params | Define ILeveIs | Freq Estimation | Scale | Prefs |

Shiow graticule

[¥] Show Marker readout in graph (selected marker)
(Time Trend only)

Histograrn readout: | Count - Eins: 12 Auto

Settings on the Pulsed RF Displays Prefs Tab

The following table describes the settings that appear on the Prefs tab of the Pulsed RF displays: Pulse
Statistics and Pulse Trace. There is no Prefs tab for the Pulse Table display.

Setting

Description

Show graticule

Displays or hides the graticule in the trace display.

Show Marker readout in
graph

When a marker is enabled, this setting displays or hides the maker readout, but not the maker
itself, on Time Trend plots.

Histogram readout
(present only when
Histogram is the selected

plot type)

Controls the parameters Histogram readout and Bins. Histogram readout can be set to either
Count or %. Count indicates the number of hits that fell into each bin. % indicates percentage
of the total count (for the acquisition) that fell into each bin.

Bins

Specifies how many "bins" or histogram bars the results are distributed into.
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APCO P25 Analysis

Overview

The Association of Public Safety Communication Officials (APCO) P25 Compliance Testing and
Analysis option allows you to evaluate radio signals to ensure they meet the standards set for the public
safety communications community for interoperable LMR equipment. This complete set of push-button
Telecommunication Industry Association TIA-102 standard-based transmitter measurements includes
modulation measurements, power measurements, and timing measurements. These measurements are also
compared with the limits that best fit the signal for which the standard applies to provide pass/fail results.

The P25 measurements available with this option can be made on signals defined by the Phase 1 (C4FM)
and Phase 2 (HCPM, HDQPSK) P25 standards. With this test suite, test engineers can simplify the
execution of a number of transmitter tests while still allowing for controls to modify signal parameters for
signal analysis. The analysis results give multiple views of P25 signal characteristics to allow the diagnosis
of signal imperfections and impairments quickly and easily. Display controls allow you to selectively
display the analysis results to help locate trouble-spots in the signal.

P25 Topics
The following information about the P25 Analysis option is available:

m  Reference Table of Supported P25 Measurements (see page 259)

m P25 Standards Presets (see page 260)

m P25 Displays (see page 261)

B P25 Settings (see page 323)

m P25 Measurements (see page 262)

m P25 Test Patterns (see page 270)

Reference Table of Supported P25 Measurements

TIA-102 transmitter Tektronix measurement display(s) (value name if

measurement different from TIA-102 measurement name) Phase 1 Phase 2

RF output power P25 Summary Yes Yes
P25 Power vs Time

Operating frequency P25 Summary (Operating Freq Accuracy) Yes Yes

accuracy

Modulation emission SEM (The SEM display can be found in Select Yes Yes

spectrum Displays > RF Measurements)

Unwanted emissions: Non MCPR (The MCPR display can be found in Select Yes Yes

spurious adjacent channel Displays > P25 Analysis)

power ratio
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APCO P25 Analysis

TIA-102 transmitter Tektronix measurement display(s) (value name if
measurement different from TIA-102 measurement name) Phase 1 Phase 2
Frequency deviation P25 Summary (Freq Dev) Yes HCPM
Modulation fidelity P25 Summary Yes Yes

P25 Constellation
Symbol rate accuracy P25 Summary Yes Yes
Transmitter power and P25 Summary (Phase1 Tx Attack Time) Yes N/A
encoder attack time P25 Power vs Time (Power Attack Time and Encoder

Attack Time)
Transmitter power and P25 Summary (Phase1 Tx Attack Time (Busy/Idle)) Yes N/A
encoder attack time with P25 Power vs Time (Power Attack Time Busy Idle
busy/idle operations and Encoder Attack Time Busy Idle)
Transmitter throughput P25 Summary (Phase1 Tx Throughput Delay) Yes N/A
delay
Transient frequency P25 Freq Dev vs.Time Yes N/A
behavior
HCPM transmitter logical P25 Summary (HCPM Tx Logic Ch Pk ACPR) N/A HCPM
channel peak adjacent
channel power ratio
HCPM Transmitter logical P25 Power vs Time (Off Slot Power) N/A HCPM
channel off slot power P25 Summary (HCPM Tx Logic Ch Off Slot)
HCPM Transmitter logical P25 Power vs Time (Power Info) N/A HCPM
channel power envelope P25 Summary (HCPM Tx Logic Ch Pwr Env Limits)
HCPM Transmitter logical P25 Summary (HCPM Tx Logic Ch Time Alignt) N/A HCPM

channel time alignment

P25 Standards Presets

The P25 standards preset allows you to access displays preconfigured for the P25 standards you select.
You can read more about how Presets work here (see page 20).

The following table shows the bandwidth, modulation type, and displays that are automatically loaded for
each of the listed standards. MCPR masks are also loaded and are explained here (see page 261).

Table 2: P25 standards, modulation type, bandwidth, and displays

Bandwidth
Standard Modulation type (kHz) Displays loaded with preset
Phase 1 C4FM 12.5 MCPR, Time Overview, P25 Constellation, P25
Summary
Phase 2 HCPM (inbound) 12.5 MCPR, Time Overview, P25 Constellation, P25

HDQPSK (outbound) 12.5

Summary
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Retain Current Center Frequency

This setting becomes available when P25 is the selected preset in the Standards Preset window. You can
access this window by selecting Presets > Standards and then selecting P25 from the Preset drop down
menu. To activate the Retain current Center Frequency Setting, check the box. This setting allows you
to retain the previously used center frequency. By default, the box is unchecked and therefore the four
P25 preset displays will load with a center frequency of 850 MHz.

Preset: Ip25 ,I

Preset displays:

B o

MCPR Time Overview P25 Summary P25
Constellation
Standard: Phasel -
Bandwidth: 12.5 KHz
Modulation Type: C4FM -

Retain current Center Frequency setting

To go directly to a preset in the future, use Tools-=Options-=Presets-=Preset action

oK ] I Cancel

The default adjacent channels table for MCPR is different for RF frequencies in the range of 769 to

806 MHz (called 700 MHz band) and for frequency ranges outside it. The option of retaining center
frequency in Standards Preset is therefore useful if you want to load the default table for center frequencies
in the 700 MHz band.

MCPR channel and limit parameters. The MCPR (ACPR) standard channel and limit parameters that are
applied to the P25 signal depend on the standard you select when you configure the preset. Once you
select a standard and center frequency, the application will automatically load the parameters and default
limits recommended for best performance comparison by the Standard document. All channel and limit
parameters are derived from the TIA-102 standard and loaded for you. This provides you the assurance
that you are evaluating the signal with the most appropriate parameters.

NOTE. Changing analysis and display parameters recalculates the measurement results, but does not
affect acquisitions.

P25 Displays
The displays in P25 Analysis (Setup > Displays > Measurements: P25 Analysis) are:
= MCPR
® P25 Constellation (see page 273)
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P25 Power vs Time (see page 278)

P25 Eye Diagram (see page 275)

P25 Frequency Dev Vs Time (see page 286)
P25 Symbol Table (see page 283)

P25 Summary (see page 280)

Time Overview (see page 43)

P25 Measurements

262

The following topics contain important information you should know about specific P25 measurements.

RF Output Power (Phase 1 and Phase 2)

This is a measure of RF output power when the transmitter is connected to the standard load during
defined duty cycle. This measurement is presented as a scalar result in the P25 Summary display. Power
variation is shown in the P25 Power vs Time display.

Information of note about this measurement:

For bursty HCPM (Phase 2 Inbound) signals, the RF Output Power is measured only during the on slot
regions centered at the middle of the on slot.

The result shown in the P25 Summary Display is the average RF Output Power of all the bursts
selected in the analysis window.

If only one on slot region is chosen in the analysis window, then the RF Output Power of only the
chosen on slot is reported.

For non-bursty data, the entire duration of analysis window is considered to obtain RF Output Power.

Enter external attenuation introduced by the user by entering the attenuation in the Amplitude control
panel (Setup > Amplitude > External Gain/Loss Correction tab. > External Gain Value (dB).
Select All acquired data (filter method).

The Limits tab in the P25 Summary Settings control panel allows you to compare the results against
limits set for Pass/Fail.

This measurement result is not shown in the P25 Summary display when Trigger Measurements
are selected.

NOTE. Read about important information related to HCPM bursty data measurements here (see page 272).

Operating Frequency Accuracy (Phase 1 and Phase 2)

The Operating Frequency Accuracy is the ability of the transmitter to operate on its assigned frequency.
This measurement is presented as a scalar result in the P25 Summary display.
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For bursty HCPM (Phase 2 Inbound) signals, the operating frequency accuracy is measured only
during the on slot regions centered at the middle of the on slot.

The result shown in the P25 Summary display is the average of all the bursts selected in the analysis
window.

If only one on slot region is chosen in the analysis window, then the operating frequency accuracy of
only the chosen on slot is reported.

For non-bursty data, the entire duration of the analysis window is considered to obtain the operating
frequency accuracy.

The Limits tab in the P25 Summary Settings control panel allows you to compare the results against
limits set for Pass/Fail.

This measurement result is not shown in the P25 Summary display when Trigger Measurements
are selected.

Unwanted Emissions (ACPR) (Phase 1 and Phase 2)

This measurement is the ratio of the total power of a transmitter under prescribed conditions and
modulation to that of the output power that falls within a prescribed bandwidth centered on the nominal
frequency of adjacent channels. This measurement is shown in the MCPR display.

For HCPM signals, Adjacent Channel Power Ratio analysis is only done on the first on slot region.
When the Modulation Type is set to HCPM from any P25 display or from Standards Presets, there will
be a search for bursts before ACPR analysis is done. If a burst is found, then analysis is done only on
first burst. If a burst is not found, it will show the results of the entire analysis length. The Main Preset
will remove the HCPM modulation Type setting, allowing MCPR to work in its regular mode.

The MCPR display will only have one Main channel for P25 signals in addition to relevant adjacent
channels.

The default adjacent channels table for Unwanted Emissions (ACPR) as suggested by the standard can
be loaded by using the P25 Standards Preset option (for which MCPR is one of the four displays).

The default adjacent channels table for MCPR is different for RF frequencies in the range of 769 to
806 MHz (called 700 MHz band) and for frequency ranges outside it.

To load the default adjacent channels table of a 700 MHz band, first set the center frequency. Next,
select Presets > Standards to view the Standards Preset window. Lastly, check the Retain current
Center Frequency Setting box.

By default, the Retain Center Frequency box is unchecked and therefore the four P25 preset displays
will load with a center frequency of 850 MHz and load the adjacent channels table for non-700 MHz
band.

By default, only six adjacent channels (on either side) will be shown when 700 MHz band is analyzed
in P25 (for visual clarity). However, analysis is done for all the ten channels and results will be
available in the table just under the display. You can zoom out to see the remaining bands.
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Frequency Deviation (Phase 1 (C4FM) and Phase 2 (HCPM))

This measurement shows the amount of frequency deviation that results for a Low Deviation and High
Deviation test pattern. This measurement is shown in the P25 Summary display.

®  This measurement only applies to HCPM and C4FM signals and High Deviation or Low Deviation test
patterns. If this measurement is run for any other test patterns or for HDQPSK signals, comparisons for
limits (set in the Limits tab of the control panel) will result in N/A being shown, as the measurement
will not be valid.

B This measurement is done using a FM demodulator without any filter. As a result, it will not be exactly
the same as the result given in the P25 Frequency Deviation vs Time display. That display shows the
frequency deviation after complete demodulation and might use relevant shaping filters.

B Measurement results are only available when High Deviation, Low Deviation, or Symbol Rate test
pattern is selected.

B The scalar result in the P25 Summary display will be shown as f1 (Positive Peak) and f2 (Negative
Peak) when analyzing the High Deviation test pattern (or the Symbol Rate test pattern for C4FM
signals).

B The scalar result in the P25 Summary display will be shown as f3 (Positive Peak) and f4 (Negative
Peak) when analyzing the Low Deviation test pattern.

B The scalar results in the P25 Summary display do not have a corresponding graphical view. A closely
representative display would be the FM display (Setup > Displays > Analog Modulation).

B  The Limits tab in the P25 Summary Settings control panel allows you to compare the results against
limits set for Pass/Fail.

Modulation Fidelity (Phase 1 and Phase 2)

This measures the degree of closeness to which the modulation follows the ideal theoretical modulation
determined by the rms difference between the actual deviation and the expected deviation for the
transmitted symbols. This measurement is shown in the P25 Summary and P25 Constellation displays.

B This measurement is done on the first on slot region in the analysis window for bursty HCPM data.
The analysis is done on 160 symbols centered at the burst.

B This measurement is done on all of the data chosen in the analysis window for non-bursty modulation
types. A warning message is issued if the data is less than 164 symbols (the standard recommends at
least 164 symbols be present for the measurement of non-bursty signals).

B This measurement is done by performing the frequency demodulation after taking the signal through
relevant shaping filters and comparing it with expected frequency deviation points.

B The Limits tab in the P25 Summary Settings control panel allows you to compare the results against
limits set for Pass/Fail.

m  This measurement result is not shown in the P25 Summary display when Trigger measurements
are selected.

NOTE. Read about important information related to HCPM bursty data measurements here (see page 272).
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Symbol Rate Accuracy (Phase 1 and Phase 2)

Symbol Rate Accuracy measures the ability of the transmitter to operate at the assigned symbol rate
(4.8 kHz for Phase 1, 6 kHz for Phase 2). It is a scalar result shown in the P25 Summary display.

This measurement result appears in the P25 Summary display and only applies to High Deviation
or Low Deviation test patterns. Test patterns are selected in the Test Patterns tab in the Settings
control panel.

To check if the results are consistent with the symbol rate used, the measurement is done based on the
number of zero crossings when a High Deviation or Low Deviation test pattern is used.

The Limits tab in the P25 Summary Settings control panel allows you to compare the results against
limits set for Pass/Fail.

This measurement only applies to High Deviation or Low Deviation test patterns. If this measurement
is run for any other test patterns, comparisons for limits will result in N/A being shown, as the
measurement will not be valid.

Common Trigger Related Measurements

The measurements covered in this subsection have some common information. These measurements are:

Transmitter Power and Encoder Attack Time (Phase 1): This measurement is the time required for
a transmitter to prepare and transmit information on the radio channel after changing state from standby
to transmit (applies to conventional mode). This measurement result can be seen in the P25 Summary
display. A graphical representation of these results can be seen in the P25 Power vs Time display.

Transmitter Power and Encoder Attack Time with Busy/Idle Operations (Phase 1): This
measures the time required for a transmitter to prepare and transmit information on the radio channel
after the receiving channel changes state from busy to idle. Transmission is inhibited until a status
symbol indicates an idle channel. This measurement result can be seen in the P25 Summary display. A
graphical representation of these results can be seen in the P25 Power vs Time display.

Transmitter Throughput Delay (Phase 1): This measures the time it requires for audio changes in
the microphone to be encoded and transmitted over the air. A calibrated receiver with a known receiver
throughput delay is used to monitor the transmitted signal. The aggregate delay of the transmitter
under test and calibrated receiver is measured and the desired transmitter throughput delay is then the
aggregate delay less the delay of the calibrated receiver. A calibrated Receiver throughput delay from
the Ul is needed. This measurement result can be seen in the P25 Summary display.

Transient Frequency Behavior (Phase 1): This is a measure of difference of the actual transmitter
frequency and assigned transmitter frequency as a function of time when the RF output power is
switched on or off. This measurement appears in the P25 Freq Dev vs Time display.

HCPM Tx Logical Channel Time Alignment (Phase 2 HCPM): This measures the ratio of total
transmitter power under prescribed conditions and modulation to the peak power that falls in a
prescribed bandwidth centred on the nominal frequency of the adjacent channel during the transmitter
power ramping interval. This applies only to inbound signals. This measurement result appears in
the P25 Summary display.

Common information. The following information applies to all of the measurements in the previous list.
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Select the relevant Trigger measurement from the Trig Meas tab of the control panel.

When this measurement is chosen from the Trig Meas tab of the control panel, only this result will be
populated in the P25 Summary display and everything else will have no result.

The Time Zero Reference under the Analysis Time tab in the control panel is forced to Trigger.

Align the Trigger to the RSA/MDO4000B as described in the measurement methods standard
document.

When a trigger measurement is chosen from the Trig Meas tab of the control panel , the following
status message will appear: P25: Set instrument in Triggered Mode.

You must set the trigger mode from Free Run to Triggered in the Trigger control panel.
This measurement can only be performed when the Source is Trig In (front) or Trig 2 In (rear).

Use the Acquisition control panel to select enough acquisition length to ensure that sufficient data
is available when the acquisition is triggered.

This measurement operates in Single Acquisition mode as the acquisition is triggered.

You can select to do the same experiment multiple times and this measurement will produce an
average result of the last 10 single acquisitions. Clicking the Clear button on the P25 Summary
display will clear the results and start a new measurement.

Transmitter Power and Encoder Attack Time and Transmitter Power and Encoder Attack Time with Busyl/ldle
Operations (Phase 1). The following information is specific to these two measurements.

266

The Transmitter Power Attack Time analysis is done by measuring the time taken from the trigger
point to the point where the transmitter output power will reach 50% of its maximum value.

For Encoder Attack Time, the initial frame synchronization word is searched in the demodulated
output and the time taken from trigger to the start of the synchronization word is reported as the result.

When a clear power ramp up is not available, the analysis will report the following error, indicating
that no power ramp was received as expected: Input data too short. When the synchronization word is
not found, the analysis will report the following error: IQ Processing error.

The Limits tab in the P25 Summary Settings control panel allows you to compare the results against
limits set for Pass/Fail.

The P25 Power vs Time display shows marking from trigger point to 50% ramp point and also up to
the Synchronization word for Transmitter Power and Encoder Attack Time. Frequency Dev vs Time
can also be used to check for the synchronization word. The following image shows this measurement.
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Transmitter Throughput Delay (Phase 1). The following information is specific to this measurement.

Select Tx Throughput Delay from the Trig Meas tab of the Settings control panel to get this
measurement.

The original noise source is connected as input to this trigger and the acquisition is triggered when the
input from the noise source exceeds the trigger level set by the user.

The actual input to the RSA comes after the noise signal from the source has passed through the DUT
and calibrated receiver as shown in the setup for this measurement in the measurement methods
standard document.

The level in the Trigger control panel set by the user is used for analysis to determine that Input to the
RSA (after it has gone through the DUT and calibrated receiver) has hit the desired power levels.

The time difference between the trigger point and the point when the input to the RSA has exceeded
the level set by the user for triggering is calculated.

The calibrated receiver throughput delay entered by the user in the Trig Meas tab in the Settings
control panel (this option appears when Throughput Delay is selected) is subtracted from the calculated
time difference and reported as Throughput Delay.

A limit comparison can be performed by selecting the appropriate limits from the Limits tab in the
Settings control panel.

Transient Frequency Behavior (Phase 1). The following information is specific to this measurement.

Select Transmitter Frequency Behavior from the Trig Meas tab of the Settings control panel to get
this measurement.

This measurement can be done for On to Off and Off to On behaviors. Select which behavior to
measure by selecting the desired behavior from the Transient Frequency drop down list that appears
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when the Transient Frequency Behavior measurement is selected in the Trig Meas tab of the Settings
control panel.

Select enough acquisition length (from the Acquisition control panel) to ensure that sufficient data is
available when the acquisition is triggered. For a transient frequency behavior, there is a need for t;+t,
amount of time after t,, as defined in the measurement methods standard document. Approximately
100 ms of data after trigger should ensure that all cases are taken care of as suggested by the standard.
t1, t, and t; durations are fetched based on the RF frequency range.

The identification of t,, is done by looking for a significant frequency deviation after a certain power
level has been achieved. A manual override for the t,, is also provided in the Trigger Meas tab of the
Settings control panel when a Transient Frequency Behavior measurement is chosen. This allows you
to manually override the t,, that is calculated (by releasing the Auto Option) and place it appropriately
based on the P25 Freq Dev vs Time display. The same is true for t, when the measurement is being
done for the On to Off behavior.

t; and t, regions are identified after t,, and t; before t.¢ (for the On to Off behavior).
The mean and max frequency deviation is reported in the regions identified.

A Pass or Fail is also reported by comparing the Mean frequency deviation with the recommended
values given in the standard. A red band is shown if a particular region’s result is less than the
performance recommendation. The following image shows this measurement.
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HCPM Tx Logical Channel Time Alignment (Phase 2 HCPM). The following information is specific to this
measurement. This result can be viewed in P25 Summary and P25 Power vs Time displays.

This measurement is done in two steps: First by calculating tOB_sync using HDQPSK data (the
ISCH pattern is looked for) and then by using the result to calculate tIB_sync using HCPM data
(the SACCH pattern is looked for).

The first step is done by choosing Time Alignment (tOB_sync measurement) in the Trig Meas tab
in the Settings control panel.
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When the second step, Time Alignment (t_error 0 calculation) or (t_error 1 calculation) is selected in
the Trig Meas tab of the control panel, there is an option to override the tOB_sync value calculated
in the first step.

When this measurement is chosen, only this result is provided in the P25 Summary display.
You must provide the ultraframe boundary to the trigger of the analyzer.

An autocorrelation of the input RF signal with the reference patterns is performed to get the peak that
will determine tOB_sync (measured) and t error 0 ort error 1 from the trigger point.

HCPM Tx Logical Channel Peak ACPR (Phase 2 HCPM)

This measures the ratio of total transmitter power under prescribed conditions and modulation to the peak
power that falls in a prescribed bandwidth centred on the nominal frequency of the adjacent channel during
the transmitter power ramping interval. This applies only to inbound signals. This measurement result
appears in the P25 Summary display.

This measurement is done by calculating power in the adjacent channels for the entire duration of data
chosen by the user, including the power ramp up and ramp down portions. The standard recommends
360 ms of data for this measurement, unlike the other ACPR measurements for which the analysis

is done only for the on slot region.

The higher and lower adjacent channel power is reported in the P25 Summary display under Power
Measurements.

The two results are then subtracted from the calculated RF output power and the minimum of the two
results is presented as the Min Pk ACPR in the P25 Summary display.

This measurement is only done for bursty HCPM data and not for High Deviation or Low Deviation
test patterns.

The Limits tab in the P25 Summary Settings control panel allows you to compare the results against
limits set for Pass/Fail.

This measurement result is not shown in the P25 Summary display when trigger measurements are
chosen.

NOTE. Read about important information related to HCPM bursty data measurements here (see page 272).

HCPM Transmitter Logical Channel Off Slot power (Phase 2 HCPM)

This measures the power of a TDMA transmitter during the off portion of the TDMA pulse. This
measurement only applies to inbound signals. This result can be viewed in P25 Summary and P25 Power
vs Time displays.

The measurement is done as suggested by the standard to calculate Ponrer and Pogprer

Prx is an input expected from the user and this can be given from the Analysis Params tab in the
Settings control panel.

The absolute level of the off slot power is then calculated as Pogr = Prx — (Ponrer — Porrrer) dBm
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®  This measurement is only done for bursty HCPM data and not for High Deviation or Low Deviation
test patterns.

B The Limits tab in the P25 Summary Settings control panel allows you to compare the results against
limits set for Pass/Fail.

B This measurement result is not shown in the P25 Summary display when trigger measurements are
chosen.

NOTE. Read about important information related to HCPM bursty data measurements here (see page 272).

HCPM Transmitter Logical Channel Power Envelope (Phase 2 HCPM)

This is a measure of how well a portable radio controls the transmitter power as it inserts an inbound
HCPM TDMA burst into a frame on a voice channel. This measurement applies to inbound signals only.

B All scalar results relevant to this measurement are shown both in P25 Power vs Time display and
the P25 Summary display.

®  The measurement results and the duration in which the measurements are made are shown graphically
in P25 Power vs Time display. The results are grouped under Power Info and Time Info in the table
at the bottom of the display.

B This measurement is only done for bursty HCPM data and not for High Deviation or Low Deviation
test patterns.

m  The Limits tab in the P25 Summary Settings control panel allows you to compare the results against
limits set for Pass/Fail.

B This measurement result is not shown in the P25 Summary display when trigger measurements are
chosen.

NOTE. Read about important information related to HCPM bursty data measurements here (see page 272).

P25 Test Patterns

A variety of test patterns are specified in the TIA-102 documents for use in performance testing of
transmitters. These test patterns allow the software to compare the measurement result to the standards
limit. Test engineers can select from the test patterns described in the following tables.

NOTE. Although this table gives the test patterns for measurements as recommended by the Standard, other
measurement results are also be provided as additional information for a given test pattern. For example,
Modulation Fidelity results can also be provided for High Deviation and Low Deviation test patterns.
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Table 3: P25 test patterns, Phase 1 C4FM

TIA-102 Phase 1 C4FM test pattern

Phase 1 (C4FM) measurement

Standard transmitter

RF Output Power

Operating Frequency Accuracy

Modulation Emission Spectrum

Unwanted Emissions (Adjacent Channel Power Ratio)

Modulation Fidelity

Transmitter Power and Encoder Attack Time

Standard Busy

Transmitter Power and Encoder Attack Time (With Busy/Idle Operations)

Low Deviation

Operating Frequency Accuracy

Transient Frequency Behavior

Frequency Deviation

Standard Idle

Transmitter Power and Encoder Attack Time (With Busy/Idle Operations)

Standard Transmitter Symbol Rate
(Same as High Deviation test pattern

Symbol Rate Accuracy

Frequency Deviation

C4FM Modulation Fidelity

Modulation Fidelity

Standard Tone

Can be used for measurements such as RF Output Power, Operating Frequency
Accuracy, Modulation Fidelity, and ACPR

Other
(User created test pattern)

Can be used for measurements such as RF Output Power, Operating Frequency
Accuracy, Modulation Fidelity, and ACPR

Table 4: P25 test patterns, Phase 2 Inbound and Outbound

TIA-102 Phase 2 test pattern

Phase 2 measurement

Standard Transmitter (Inbound and
Outbound)

RF Output Power

Operating Frequency Accuracy

Modulation Emission Spectrum

Unwanted Emissions (Adjacent Channel Power Ratio)

Modulation Fidelity

Inbound Standard Tone Ch0

Can be used for measurements such as RF Output Power, Operating Frequency
Accuracy, Modulation Fidelity, and ACPR

Inbound Standard Tone Ch1

Can be used for measurements such as RF Output Power, Operating Frequency
Accuracy, Modulation Fidelity, and ACPR

Outbound Standard Tone

Operational Frequency Accuracy
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Table 4: P25 test patterns, Phase 2 Inbound and Outbound (cont.)

TIA-102 Phase 2 test pattern Phase 2 measurement

Inbound Symmetrical Time Slot RF Output Power

Modulation Emission Spectrum
Modulation Fidelity

HCPM (Peak ACPR)

HCPM (Off slot power)

HCPM (Power envelope)

Unwanted Emissions (Adjacent Channel Power Ratio)

Low Deviation (Inbound) Frequency deviation for HCPM

Symbol Rate Accuracy

Low Deviation (Outbound) Symbol Rate Accuracy

High Deviation (Inbound and Outbound) ~ Symbol Rate Accuracy

Other Can be used for measurements such as RF Output Power, Operating Frequency
(User created test pattern) Accuracy, Modulation Fidelity, and ACPR

Analysis of HCPM Bursty Data

It important to take into account the following information when analyzing HCPM bursty data.

272

It is mandatory that at least one complete on slot and off slot region (including the ramp up and
ramp down portion) have to be included in the analysis window for HCPM measurement results
to be analyzed.

If HCPM is the chosen standard in Standards Presets, then a minimum length of 94 ms is set for the
analysis window. This is to ensure that a full on slot and off slot region is available irrespective of
the selected analysis offset.

Do not use the High Deviation or Low Deviation test patterns for bursty signals. Test patterns are
selected in the P25 Settings control panel on the Test Patterns tab. If selected, analysis would look
for a bursty pattern. High Deviation and Low Deviation test patterns are not bursty and therefore do
not have the above analysis length restriction.

If you try to set the analysis length to less than 94 ms, the following status message will display:
P25:HCPM:Minimum Analysis Length should be > 94 ms.

Most measurements that are required to be done on on slot regions are done centered at the on slot
region of HCPM bursty data.
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When HCPM bursty data is analyzed, the following status message will appear on all relevant displays:
P25:HCPM modulation analysis is done only on on slot regions.

P25 Constellation Display

The P25 Constellation Display shows the P25 signal modulation amplitude. For the HCPM and HDQPSK
standards, you can view this display as frequency deviation or as [ and Q. For the C4FM standard, only the
frequency deviation applies.

To show the P25 Constellation display you can select Presets > Standards > P25 or do the following:

1.
2.
3.

Press the Displays button or select Setup > Displays.
In the Select Displays dialog, select P25 Analysis in the Measurements box.

In the Available displays box, double-click the P25 Constellation icon or select the icon and click
Add. The P25 Constellation icon will appear in the Selected displays box and will no longer appear
under Available displays.

Click OK to show the P25 Constellation display.
Select Setup > Settings to display the control panel.

Select the Modulation Params tab. Set the Standard, Modulation Type, and Measurement and
Reference filters as appropriate for the input signal.

For Phase 2 signals, select the Trace tab and set the Trace Type to Freq Dev or 1Q.

Select the Test Patterns tab and select the desired test pattern as appropriate for the input signal.

Elements of the Display

The following image shows the P25 Constellation display set to 1Q for a HDQPSK signal.
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j srstellation

*  Tracel 4| Show Vectors

Mod Fidelty: 0.100 %

The following image shows the same signal as the previous image, but with the display set to Frequency
Deviation.

il P25 Constellation [=
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Mod Fidelty: 0.100 %
Fraq Emor: 27.96 uHz, Auto
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Item Display element Description

1 Marker Readout Located to the left of the constellation plot or below it, depending on the
size of the window. If markers are enabled, the marker readout will show
frequency deviation results or 1Q results (time, mag, phase, symbol marker
and symbol value) of the point with the selected marker.

2 Measurement results readout These readouts are located to the left or below of the Constellation plot,
depending on the window size. The readout shows Modulation Fidelity (%)
and Frequency Error (Hz).

The second readout can either be Freq Error where the result is followed
by Auto or it could be Freq Offset where the result is followed by Manual.
This choice between Freq Error and Freq Offset is made from the Analysis
Params tab in the Settings control panel.

3 Plot Shown as either | vs Q or as Frequency Deviation. The trace type is controlled
from the Settings > Trace tab.

P25 Constellation Settings

Application Toolbar: &

The P25 Constellation Settings control panel provides access to settings that control parameters of the
Constellation Display.

Settings tab Description

Modulation Params (see Specifies the input signal standard and additional user-settable signal parameters.
page 290)
Analysis Params (see Specifies parameters used by the instrument to analyze the input signal.

page 293)

Analysis Time (see page 293) Specifies parameters that define the portion of the acquisition record that is used for
analysis. Also allows you to specify the Units (Symbols or Seconds) and Time Zero
Reference (Trigger or Acquisition Start) for P25 Analysis displays.

Test Patterns (see page 295) Specifies the type of test pattern being used. Some analysis differs based on the
selected test pattern. Available test patterns vary depending on the selected standard
and modulation type.

Trace (see page 296) Specifies the trace type (Vectors, Points, and Lines), the number of points per symbol
when chosen to view as Vectors or Lines, and to control the view as Freq Dev or 1Q.

Prefs (see page 299) Specifies the radix of the marker readout and whether elements of the graphs are
displayed.

Trig Meas (see page 298) Enables you to select from several different trigger measurements.

P25 Eye Diagram Display

The P25 Eye Diagram display shows a digitally modulated signal overlapped on itself to reveal variations
in the signal.
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To show the P25 Eye Diagram display:

1.
2.
3.

Press the Displays button or select Setup > Displays.
From the Measurements box, select P25 Analysis.

Double-click the P25 Eye Diagram icon in the Available Displays box. This adds the P25 Eye
Diagram icon to the Selected displays box.

Click OK button. This displays the P25 Eye Diagram view.
Select Setup > Settings to display the control panel.

Select the Modulation Params tab. Set the Standard, Modulation Type, and Measurement and
Reference filters as appropriate for the input signal.

For Phase 2 signals, select the Trace tab and set the Trace Type to Freq Dev or 1Q.

Select the Test Patterns tab and choose a test pattern appropriate for the input signal.

Elements of the Display

The following image shows the P25 Eye display with Trace Type set to 1Q.

© 2.50

= Position:
0.000

-2.50

Freq Error: 27.96 uHz, Auto

Autoscale | 0 Symbol = Scale: 4 Symbol

The following image shows the P25 Eye display with Trace Type set to Freq Dev.

276
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Freq Error: 27.96 uHz, Auto

o 2.50 kHz
« Position:
0.000 Hz
-2.50 kHz
Autoscale | 0 Symbol © Scale: 4 Symbol
Item Display element Description
1 Top of graph The vertical scale is normalized with no units (for 1Q) and with Hz (for Freq
dev).
2 Position Specifies the value shown at the center of the graph display.
3 Bottom Readout Displays the value indicated by the bottom of graph.
4 Autoscale Adjusts the vertical and horizontal settings to provide the best display.
5 Position Displays the horizontal position of the trace on the graph display.
6 Scale Adjusts the span of the graph in symbols.
7 Freq Error Displays the difference between the maximum and minimum measured

values of the signal frequency during the Measurement Time. The readout
can either be Freq Error where the result is followed by Auto or it could be
Freq Offset where the result is followed by Manual. This choice between
Freq Error and Freq Offset is made from the Analysis Params tab in the
Settings control panel.

P25 Eye Diagram Settings

Application Toolbar: o

The settings for the P25 Eye Diagram display are shown in the following table.
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Settings tab Description
Modulation Params (see Specifies the input signal standard and additional user-settable signal parameters.

page 290)
Analysis Params (see Specifies parameters used by the instrument to analyze the input signal.

page 293)

Analysis Time (see page 293) Specifies parameters that define the portion of the acquisition record that is used for
analysis. Also allows you to specify the Units (Symbols or Seconds) for P25 Analysis
displays.

Trig Meas (see page 298) Enables you to select from various trigger measurements. The trigger selections vary
by signal type.

Test Patterns (see page 295) Specifies the type of test pattern being used. Some analysis differs based on the
selected test pattern. Available test patterns vary depending on the selected standard
and modulation type.

Trace (see page 296) Specifies the trace type (Vectors, Points, and Lines), the number of points per symbol
when chosen to view as Vectors or Lines, and to control the view as Freq Dev or 1Q.

Scale (see page 296) Defines the vertical and horizontal axes.

Prefs (see page 299) Specifies the radix of the marker readout and whether elements of the graphs are
displayed.

P25 Power vs Time Display

The P25 Power vs Time display shows the signal power amplitude versus time.
To show the P25 Power vs Time display:

1. Press the Displays button or select Setup > Displays.

2. In the Select Displays dialog, select P25 Analysis in the Measurements box.

3. In the Available displays box, double-click the P25 Power vs Time icon or select the icon and click
Add. The P25 Power vs Time icon will appear in the Selected displays box and will no longer
appear under Available displays.

4. Click OK to show the P25 Power vs Time display.
5. Select Setup > Settings to display the control panel.

6. Select the Modulation Params tab. Set the Standard, Modulation Type, and Measurement and
Reference filters as appropriate for the input signal.

7. Select the Test Patterns tab and choose a test pattern appropriate for the input signal.
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Elements of the Display

©15.00 dBm

o dB/d:
15.0 68

P25 Power vs Time Settings

© Scale: 59.990 ms

36.00 dBm  PONREL: 10.00dBm  PmaxOn[-0.2 to 1]:
Off Slot Power: -62.45 dBm  POFFREL: -88.45 dBm  PriaxOff[20 t030.2]: 0.005 dB  Pssmax(1 t0 201:0.001 dB

Display element

Time Info

-0.004 8 Pssmin[1 to 20]: -0.001 dB RampUp:  1.200ms  Onshot: 28.000 ms

RampDown: 1.198 ms  Offsot: 20.502 ms

Description

Top of graph, first settting

Sets the Power level that appears at the top of the graph, in dBm. This is only
a visual control for panning the graph.

Top of graph, second setting

Sets the vertical Scale of the graphs, in dB/div. This is only a visual control
for panning the graph.

View
(Only available for bursty
HCPM data.)

Selects the specific view of the packet burst within the display:

Full Burst displays the entire packet, with vertical lines indicating Power ramp
up, On Slot, Power ramp down, and Off slot regions.

Ramp Up zooms the display into the interval around the packet rising edge.

Ramp Down zooms the display into the interval around the packet falling
edge.

Bottom of graph readout

Shows the Power level at the bottom of the graph in dBm.

Autoscale

Adjusts the vertical and horizontal settings to provide the best display.

Bottom of graph, left side

Sets the starting time of the graph in seconds

Bottom of graph, right side

Sets the scale (width) of the graph in seconds

oINS || >

Table below graph

This table shows the following results.
For non-bursty signals: RF output power

For bursty signals: Power Info (Offslot Power and Power Envelope
results) and Time Info.

P25 Power vs Time Settings

Application Toolbar: &

The settings for the P25 Power vs Time display are shown in the following table.
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P25 Summary Display

280

Settings tab

P25 Summary Display

Description

Modulation Params (see

page 290)

Specifies the input signal standard and additional user-settable signal parameters.

Analysis Params (see

page 293)

Specifies parameters used by the instrument to analyze the input signal.

Analysis Time (see page 293)

Specifies parameters that define the portion of the acquisition record that is used for
analysis. Also allows you to specify the Units (Symbols or Seconds) for P25 Analysis
displays.

Trig Meas (see page 298)

Enables you to select from various trigger measurements. The trigger selections vary
by signal type.

Test Patterns (see page 295)

Specifies the type of test pattern being used. Some analysis differs based on the
selected test pattern. Available test patterns vary depending on the selected standard
and modulation type.

Scale (see page 296)

Defines the vertical and horizontal axes.

Prefs (see page 299)

Specifies the radix of the marker readout and whether elements of the graphs are
displayed.

The P25 Summary display shows a summary of all the scalar measurements done on the acquired test
pattern. The summary display and contents will vary according to the selected standard.

Pass/Fail information is also provided in this display for all enabled scalar measurements. You can set
limits and choose which measurement to compare for Pass/Fail from the Limits tab in the P25 Summary
Settings control panel. The default limits come from the performance recommendation limits given by
the Standard document. The default limits can be reloaded by selecting the P25 Standards Preset option
or by loading the default limits table.

To show the P25 Summary display you can select Presets > Standards > P25 or do the following:

1. Press the Displays button or select Setup > Displays.

2. In the Select Displays dialog, select P25 Analysis in the Measurements box.

3. In the Available displays box, double-click the P25 Summary icon or select the icon and click Add.
The P25 Summary icon will appear in the Selected displays box and will no longer appear under

Available displays.

4. Click OK to show the P25 Summary display.

5. Select Setup > Settings to display the control panel.

6. Select the Modulation Params tab. Set the Standard, Modulation Type, and Measurement and
Reference filters as appropriate for the input signal.

7. Select the Test Patterns tab and select a test pattern. The available test patterns in the drop down list
depend of the standard and modulation type you have selected.
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P25 Summary Display

The Modulation Measurements, Power Measurements, and Trigger Measurements components of this
display vary depending on which modulation type is selected.

The following image shows an example of the display for a Phase 1 C4FM signal.

Standard: Phasel Bandwidth: 12.5 KHz Modulation Type: C4FM Clear
Modulation Measurements Trigger Measurements
Modulation Fidelity: 0.465 % ey
Operating Freq Accuracy: 0 ppm Avg Tx Pwr Attack — N/A
Symbol Rate Accuracy: —ppm N/A Avg Tx Encoder Attack — N/A
— of 10

Frequency Deviation

Phasel Tx Attack Time (Busy/Idle)

Positive Peak: —Hz N/A
MNegative Peak: —~Hz N/A Avg Tx Pwr Attack =
Avg Tx Encoder Attack —
Power Measurements — of 10
Phasel Tx Throughput Delay: —
RF Output Power: 10.00 dBm PASS
p = .

The following image shows an example of the display for a Phase 1 C4FM High Deviation signal.

Standard: Phasel Bandwidth: 12.5 KHz Modulation Type: C4FM Clear
Modulation Measurements Trigger Measurements
Modulation Fidelity: 0.030 % P. Phasel Tx Attack Time

Avg Tx Pwr Attack —
Avg Tx Encoder Attack —

Operating Freq Accuracy: 0 ppm

iilE

Symbol Rate Accuracy: 0.00 ppm
- of 10

Frequency Deviation (Symbol Rate Pattern)

Phasel Tx Attack Time (Busy/Idle)

f1 Positive Peak: 2768.93 Hz
- . Avg Tx Pwr Attack —
2 Negative Peak: -2865.77 Hz PASS
Avg Tx Encoder Attack —
Power Measurements — of 10
Phasel Tx Throughput Delay: —
RF Output Power: 10.00 dBm PASS
p =3 o0

The following image shows an example of the display for a Phase 2 HCPM (Inbound) signal.
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Standard: Phase2

Bandwidth: 12.5 KHz

Modulation Type: HCPM (Inbound)

P25 Summary Display

Modulation Measurements

Trigger Measurements

Modulation Fidelity: 0.477 %
Operating Freq Accuracy: 0 ppm
Symbol Rate Accuracy: - ppm

HCPM Tx Logic Ch Time Alignt

tOB_sync (measured) —

Frequency Deviation

Posttive Peak: —Hz

Negative Peak: —Hz

B 560

/A —of5
Avg t_error_0 —
—of 5
/A Avg t_emror_1 —
NfA —of 5

NfA

Power Measurements

RF Output Power: 10.00 dBm
HCPM Tx Logic Ch Off Slot: -62.45 dBm

ilF

HCPM Tx Logic Ch Pwr Env Limits

Time (ms) Power
Prmax-on -0.2 to 1.0 -0.004 dB
Pssmax 1.0t 20.0 0.001 dB
Pss-min 1.0t 20.0 0.001 dB
Pmax-off 20.0t030.2  -0.005dB

HCPM Tx Logic Ch Pk ACPR
P_ACP_HI -37.96 dBm
P_ACP_LOW 40.13 dBm
Min Pk ACPR 47.964 dB

The following image shows an example of the display for a Phase 2 HDQPSK (Outbound) signal.

Standard: Phase2

Bandwidth: 12.5 KHz

Modulation Type: HDQPSK (Outbound)

Modulation Measurements

Modulation Fidelity: 0.100 %
Operating Freq Accuracy: 0 ppm
Symbol Rate Accuracy: - ppm

N/A

Power Measurements

RF Output Power: 7.94 dBm

For more information about specific measurement results, see the P25 Measurements section here (see

page 307).
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Elements of the Display

P25 Summary Settings

Element Description

Standard Display of the standard selected on the Setup > Settings > Modulation Params tab.
Bandwidth Display of the channel bandwidth which is set based on the standard and modulation type.
Modulation Type Display of the modulation type selected on Setup > Settings > Modulation Parameters tab.
Clear Click button to reset measurement. Clears all values.

Modulation Measurements

Shows the modulation measurements associated with the signal.

Power Measurements

Shows the power measurements associated with the signal.

Trigger Measurements

Shows the trigger measurements associated with the signal.

P25 Summary Settings

Application Toolbar: &

The settings for the P25 Summary display are shown in the following table.

Settings tab

Description

Modulation Params (see

page 290)

Specifies the input signal standard and additional user-settable signal parameters.

Analysis Params (see

page 293)

Specifies parameters used by the instrument to analyze the input signal.

Analysis Time (see page 293)

Specifies parameters that define the portion of the acquisition record that is used for
analysis. Also allows you to specify the Units (Symbols or Seconds) for P25 Analysis
displays.

Trig Meas (see page 298)

Enables you to select from various trigger measurements. The trigger selections vary
by signal type.

Test Patterns (see page 295)

Specifies the type of test pattern being used. Some analysis differs based on the
selected test pattern. Available test patterns vary depending on the selected standard
and modulation type.

Limits (see page 300)

Load and define P25 measurement limits for Pass/Fail comparison. You can save
defined limits as a .csv file and also load previously saved .csv files.

P25 Symbol Table Display

The P25 Symbol Table display shows decoded data values for each data symbol in the analyzed signal

packet.

To show the P25 Symbol Table display:

1. Press the Displays button or select Setup > Displays.

2. In the Select Displays dialog, select P25 Analysis in the Measurements box.
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3. In the Available displays box, double-click the P25 Symbol Table icon or select the icon and click
Add. The P25 Symbol icon will appear in the Selected displays box and will no longer appear
under Available displays.

4. Click OK to show the P25 Symbol Table display.

5. Select Setup > Settings to display the control panel.

6. Seclect the Modulation Params tab. Set the Standard, Modulation Type, and Measurement and
Reference filters as appropriate for the input signal.

7. Select the Test Patterns tab and select a test pattern. The available test patterns in the drop down list
depend on the standard and modulation type you have selected.

P25 Symbol Table

The following image shows the P25 Symbol Table for HCPM (bursty) signals. For this signal type, the
symbols are arranged as Bursts vs Symbols. The analysis is done only on the on slot regions of the bursty
HCPM data and 160 symbols (centered at the middle of the burst) are reported on the symbol table for
every on slot region. You can read more about specific measurements here (see page 307).

P25:HCPM modulation analysis is done anly on Onslot regions

Bl
1

L R R N -]

-
~
W H M WS 00 MM WMDENW DW= N W

B2
3

OO0 oW WNWEMNWOMNWLRNWE D WWo - -

Marker: MR Symbol: 18
Time:  69.411 ms Value: 0

The following image shows the P25 Symbol Table for C4FM (non-bursty) signals. For this signal type and
for HDQPSK, there is no grouping into bursts and all symbols that are analyzed are shown.
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Marker: MR Symbol: 152
Time: 39.578 ms Value: 2

Elements of the Display

Element Description

Marker Displays the selected marker label.

Time Displays the time in ms or in Symbols based on the Units chosen in the Analysis Time
tab of the Settings Control panel.

Symbol The value shown here reflects the symbol you have selected (highlighted) in the display.

Value Displays the value of the selected symbol.

P25 Symbol Table Settings

Application Toolbar: &

The settings for the P25 Symbol Table display are shown in the following table.
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Settings tab

P25 Frequency Dev vs Time Display

Description

Modulation Params (see

page 290)

Specifies the input signal standard and additional user-settable signal parameters.

Analysis Params (see

page 293)

Specifies parameters used by the instrument to analyze the input signal.

Analysis Time (see page 293)

Specifies parameters that define the portion of the acquisition record that is used for
analysis. Also allows you to specify the Units (Symbols or Seconds) for P25 Analysis
displays.

Trig Meas (see page 298)

Enables you to select from various trigger measurements. The trigger selections vary
by signal type.

Test Patterns (see page 295)

Specifies the type of test pattern being used. Some analysis differs based on the
selected test pattern. Available test patterns vary depending on the selected standard
and modulation type.

Prefs (see page 299)

Specifies the radix of the marker readout.

P25 Frequency Dev vs Time Display

The P25 Frequency Deviation vs. Time Display shows how the signal frequency varies with time.

To display the P25 Frequency Dev vs. Time Display:

1. Select the Displays button or Setup > Displays.

2. In the Select Displays dialog, select P25 Analysis in the Measurements box.

3. In the Available displays box, double-click the P25 Frequency Dev vs. Time icon or select the icon
and click Add. The P25 Frequency Dev vs. Time icon will appear in the Selected displays box and
will no longer appear under Available displays.

4. Click OK to display the Freq Dev vs. Time display.

5. Select the Modulation Params tab. Set the Standard, Modulation Type, and Measurement and
Reference filters as appropriate for the input signal.

6. Seclect the Test Patterns tab and select a test pattern. The available test patterns in the drop down list
depend of the standard and modulation type you have selected.

Elements of the Display

The following image shows the P25 Freq Dev vs Time display for Phase 1 C4FM (non-bursty) High

Deviation signals.
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APCO P25 Analysis P25 Frequency Dev Vs Time Settings

NOTE. For bursty HCPM signals, frequency deviation analysis is done only on 160 symbols centered
at every on slot region in the chosen analysis window and not on off slot regions. That is why there
is no information shown during off slot regions. You can read more specific information about P25
measurements here (see page 262).

Elements of the Display

Item Display element Description
1 Top of graph adjustment Adjust the frequency range displayed on the vertical axis.
2 Position (center) Adjust the frequency shown at the center of the display.
3 Autoscale button Adjusts the offset and range for both vertical and horizontal to provide the
best display.
Position Displays the horizontal position of the trace on the graph display.
5 Scale Adjust the horizontal scale (time).

Changing Frequency vs Time Display Settings (see page 288)

P25 Frequency Dev Vs Time Settings

Menu Bar: Setup > Settings

Application Toolbar: &

The Setup settings for P25 Frequency Dev vs. Time are shown in the following table.
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Settings tab Description

Modulation Params (see Specifies the input signal standard and additional user-settable signal parameters.
page 290)
Analysis Params (see Specifies parameters used by the instrument to analyze the input signal.

page 293)

Analysis Time (see page 293) Specifies parameters that define the portion of the acquisition record that is used for
analysis. Also allows you to specify the Units (Symbols or Seconds) for P25 Analysis
displays.

Trig Meas (see page 298) Enables you to select from various trigger measurements. The trigger selections vary
by signal type.

Test Patterns (see page 295) Specifies the type of test pattern being used. Some analysis differs based on the
selected test pattern. Available test patterns vary depending on the selected standard
and modulation type.

Trace (see page 296) Specifies the trace type (Vectors, Points, and Lines), the number of points per symbol
when chosen to view as Vectors or Lines, and to control the view as Freq Dev or 1Q.

Scale (see page 296) Defines the vertical and horizontal axes.

Prefs (see page 299) Specifies the radix of the marker readout and whether elements of the graphs are
displayed.

P25 Analysis Shared Measurement Settings

Application Toolbar: &b

The control panel tabs in this section are shared between the displays in P25 Analysis (Setup > Displays).
Some tabs are shared by all the displays, some tabs are shared by only a subset of displays. The settings
available on some tabs change depending on the selected display.

RSAS5100A Series Printable Help 289



APCO P25 Analysis Modulation Params Tab - P25

Common controls for P25 analysis displays

Settings tab Description

Modulation Params (see Specifies the input signal standard and additional user-settable signal parameters.
page 290)
Analysis Params (see Specifies parameters used by the application to analyze the input signal.

page 293)

Analysis Time (see page 293) Specifies parameters that define the portion of the acquisition record that is used for
analysis. Also allows you to specify the Units (Symbols or Seconds) for P25 Analysis

displays.

Trace (see page 296) Specifies the trace type (Vectors, Points, and Lines), the number of points per symbol
when chosen to view as Vectors or Lines, and to control the view as Freq Dev or 1Q.

Scale (see page 296) Defines the vertical and horizontal axes.

Test Patterns (see page 295) Enables you to select from eight different test patterns.

Trig Meas (see page 298) Enables you to select from various trigger measurements. The trigger selections vary
by signal type.

Prefs (see page 299) Specifies the radix of the marker readout and whether elements of the graphs are
displayed.

Modulation Params Tab - P25

290

The Modulation Params tab specifies the type of modulation used by the input signal and other parameters
that define the signal format.

Modulation Params | Analysis Params | Analysis Time [ Trig Meas | Test Pattems | Prefs |

Standard: Measurement Fitter: Symbol Rate: 6 kHz
Channel Bandwidth: 12.5 KHz Reference Filter:

Modulation Type: [HCPM (Inbound) -
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Settings Description

Standard Specifies the standard used for the input signal: Phase 1, Phase 2.

Channel Bandwidth This readout shows the nominal channel bandwidth based on the standard.
Modulation Type Specifies the modulation type of the input signal. Choices vary depending on

the selected standard. Modulation types for Phase 2 are HCPM (Inbound)
and HDQPSK (Outbound). Phase 1 has only C4FM as the modulation type

selection.

Measurement Filter Specifies the filter used as a measurement.

Reference Filter Specifies the filter used as a reference.

Filter Parameter Enter a value used for defining the Reference Filter. (Not present for some
filter types)

Symbol Rate This is a readout that shows the symbol rate for demodulating digitally

modulated signals based on the standard. This rate is always 4.8 kHz for Phase
1 signals and 6 kHz for Phase 2 signals.

Symbol Rate

Specifies the symbol rate for demodulating digitally modulated signals based on the standard. The symbol
rate and the bit rate are related as follows:

(Symbol rate) = (Bit rate)/(Number of bits per symbol)

The bit rate used for Phase 1 (C4FM) is 9600 bps. For Phase 2 (HCPM and HDQPSK) it is 12000 bps.
There are two bits per symbol for all above mentioned modulation types. Therefore, the symbol rate is
4800 Hz for Phase 1 and 6000 Hz for Phase 2.

Measurement and Reference Filters

The available measurement and reference filters depend on the selected modulation type. The following
table shows the recommended filters for the specified modulation types.

c CAUTION. Although there are other filter types listed in the drop down menu, if you select any filter other
than that which is recommended, the measurement results may not be accurate.

Modulation type Measurement filters Reference filters

HDQPSK HDQPSK-P25 None

HPCM None None

C4FM C4FM-P25 RaisedCosine (Filter parameter 0.2)

The measurement filter is applied before the demodulation bit is detected and the ideal reference is
calculated.

The reference filter is applied to the internally generated ideal reference signal before the modulation
fidelity is calculated.

RSAS5100A Series Printable Help 291



APCO P25 Analysis Modulation Params Tab - P25

292

How to Select Filters

In a signal transmitter/receiver system, the baseband signal might be filtered for bandwidth limiting or for
another kind of necessary shaping that needs to be applied. Normally, a filter in the transmitter (Ft) and a
filter in the receiver (Fr) are applied.

The Measurement Filter setting in the analyzer corresponds to the baseband filter in the receiver (Fr): This
setting tells the analyzer what filter your receiver uses. When the analyzer is set to the same filter used by
the receiver, the analyzer sees the signal as your receiver would. The Measurement Filter setting should be
the same as the filter used in the receiver under normal operation (as opposed to testing).

The Reference Filter setting in the analyzer corresponds to the baseband filter in the transmitter-receiver
combination (Fr * Ft). The baseband filter for the transmitter-receiver combination is often referred to as
the System Filter. This filter is called the reference filter because it is used to recreate a reference signal
that is compared to the received signal. This recreated reference signal is the ideal signal with Fr * Ft
applied; differences between this ideal signal and the received signal enables the determination of signal
quality, such as modulation fidelity measurements.

Filter Parameter (C4FM only)

The filter parameter specifies the alpha for the Raised Cosine filter when selected as the Reference filter.
Some filter types have a fixed parameter value that is specified by industry standard, while other filter types
by definition have no filter parameter. For filter types with no filter parameter, there is no filter parameter
control present in the control panel. The recommended Reference filter for C4FM is Raised Cosine and the
corresponding filter parameter for C4FM is 0.2.
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Analysis Params Tab - P25

The Analysis Params tab contains parameters that control the analysis of the input signal.

Modulation Params | Analysis Params | Analysis Time | Test Patterns | Prefs | Trig Meas|

Frequency Error: -223.0 uHz Auto PTX: 30.00 dBm

Measurement BW: 153.6 kHz

Settings Description

Frequency Error When the Auto box is checked, the analysis determines the Frequency Error
and the measured Frequency Error is displayed. When the Auto box is
unchecked, the entered value is used by the analysis as a fixed frequency
offset. This is useful when the exact frequency offset of the signal is known.

Measurement BW Specifies the bandwidth about the center frequency at which measurements
are made. Select Manual, Auto, or Link to Span.

PTX Specifies the RF Output Power as recommended for transmitters. This is only
used in the computation of off slot power in HCPM modulated signals.

Analysis Time Tab - P25

The Analysis Time tab contains parameters that define how the signal is analyzed in the P25 Analysis
displays.

| Modulation Params | Analysis Params | Analysis Time | Test Patterns | Prefs | Trig Meas|

Analysis Offset: -204.800 us [¥] Auto Time Zero Reference:

Analysis Length: 94.000 ms [] Auto Units:

Available:  31.816 ms
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Settings Description
Analysis Offset Specifies the location of the first time sample to use in measurements.
Auto When enabled, causes the instrument to set the Analysis Offset value based on the
requirements of the selected display.
Analysis Length Specifies the length of the analysis period to use in measurements. Length is specified in
either symbols or seconds, depending on the Units setting.
Auto When enabled, causes the instrument to set the Analysis Length value based on the
requirements of the selected display.
Actual This is a displayed value, not a setting. It is the Analysis Length (time or symbols)

being used by the analyzer, this value may not match the Analysis Length requested
(in manual mode).

Time Zero Reference Specifies the zero point for the analysis time.
Units Specifies the units of the Analysis Length to either Symbols or Seconds.
Analysis Offset

Use analysis offset to specify where measurements begin. Be aware that you cannot set the Analysis
Offset outside the range of time covered by the current acquisition data. (all time values are relative
to the Ti