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Where to Find the Latest Information

Documentation is updated periodically. For the latest information about these products, including instrument software
upgrades, application information, and product information, browse to one of the following URLs, according to the name
of your product:

http://www.keysight.com/find/N9040B

http://www.keysight.com/find/N9030B

http://www.keysight.com/find/N9020B

http://www.keysight.com/find/N9010B

http://www.keysight.com/find/N9000B

http://www.keysight.com/find/N8973B

To receive the latest updates by email, subscribe to Keysight Email Updates at the following URL:
http://www.keysight.com/find/MyKeysight

Information on preventing instrument damage can be found at:

www.keysight.com/find/PreventinglnstrumentRepair

ls your product software up-to-date?

Periodically, Keysight releases software updates to fix known defects and incorporate product enhancements. To search
for software updates for your product, go to the Keysight Technical Support website at:

http://www.keysight.com/find/techsupport


http://www.keysight.com/find/N9020B
http://www.keysight.com/find/N9010B
http://www.keysight.com/find/N9000B
http://www.keysight.com/find/N9040B
http://www.keysight.com/find/techsupport
http://www.keysight.com/find/PreventingInstrumentRepair
http://www.keysight.com/find/MyKeysight
http://www.keysight.com/find/PreventingInstrumentRepair
http://www.keysight.com/find/PreventingInstrumentRepair




Contents

Table of Contents

Getting Started with the Spectrum Analyzer Measurement Application 11

Technical Documentation for Your Analyzer 12
Multitouch Ul Controls Vs. Hardkeys 13
Presetting the Signal Analyzer 14

Creating and Using a User Preset 15
Entering Numeric Data 16
Using the Measurement Panel Drop Down Box to Configure a Measurement 18
Selecting the Mode, Measurement, and View 19
Accessing the Help System 21
Viewing a Signal 23
Reading Frequency and Amplitude 24
Changing the Reference Level 25
Improving Frequency Accuracy 26

Recommended Test Equipment 27

Measuring Multiple Signals 29

Comparing Signals Using Marker Delta 29

Comparing Signals Using the Marker Delta When One is not on the Display Grid 32
Resolving Signals of Equal Amplitude 35

Resolving Small Signals Hidden by Large Signals 40

Decreasing the Frequency Span Around the Signal 45

Measure Varying Levels of Modulated Power Compared to a Reference 48

Measuring a Low—Level Signal 53

Reducing Input Attenuation 53
Decreasing the Resolution Bandwidth 57
Using the Average Detector and Increased Sweep Time 60

Trace Averaging 63

Improving Frequency Resolution and Accuracy 67

Using a Frequency Counter to Improve Frequency Resolution and Accuracy 67



Contents

Tracking Drifting Signals 69
Measuring the Frequency Drift of a Source 69

Tracking a Signal 73

Making Distortion Measurements 77

Identifying Analyzer Generated Distortion 77
One-Button Harmonics Measurement 82
Third-Order Intermodulation Distortion 85
One-Button TOl Measurement 89

Measuring Noise 93
Measuring Signal-to-Noise 93
Measuring Noise Using Marker Noise 96
Measuring Noise-Like Signals Using Band/Interval Density Markers 100
Measuring Noise-Like Signals Using the Channel Power Measurement 104
Measuring the Carrier-to-Noise Ratio of a Modulated Carrier 106

Improving Phase Noise Measurements by Subtracting Signal Analyzer Noise 112

Making Time-Gated Measurements 119

Viewing a Pulsed-RF FM Signal 120
Digitizing Oscilloscope Setup 123

Connecting Instruments to Make Time-Gated Measurements 125
Signal source setup 126

Gated LO Measurement 128

Gated Video Measurement 132

Gated FFT Measurement 136

Measuring Digital Communications Signals 139

Making Channel Power Measurements 140

Making Occupied Bandwidth Measurements 143
Troubleshooting hints 144

Making Adjacent Channel Power (ACP) Measurements 145



Contents

Making Statistical Power Measurements (CCDF) 157

Making Burst Power Measurements 157

Making Spurious Emissions Measurements 164
Troubleshooting hints 167

Making Spectrum Emission Mask Measurements 168
Troubleshooting hints 170

Making List Sweep Measurements 171

Demodulating AM Signals 173

Measuring the Modulation Rate of an AM Signal 173
Measuring the Modulation Index of an AM Signal 180

IQ) Analyzer Measurement 185

Capturing Wideband Signals for Further Analysis 185
Complex Spectrum Measurement 186

IQ Waveform (Time Domain) Measurement 189

Concepts 195

Resolving Closely Spaced Signals 195
Resolving Signals of Equal Amplitude 195
Resolving Small Signals Hidden by Large Signals 196
Trigger Concepts 197
Selecting a Trigger 197
Time Gating Concepts 201
Introduction: Using Time Gating on a Simplified Digital Radio Signal 207
How Time Gating Works 203
Measuring a Complex/Unknown Signal 209
Quick Rules for Making Time-Gated Measurements 214
Using the Edge Mode or Level Mode for Triggering 217
Noise Measurements Using Time Gating 218
AM and FM Demodulation Concepts 219

Demodulating an AM Signal Using the Analyzer as a Fixed-Tuned Receiver
(Time-Domain) 219



IContents

Demodulating an FM Signal Using the Analyzer as a Fixed-Tuned Receiver
(Time-Domain) 219

IQ Analysis Concepts 220
Purpose 220
Complex Spectrum Measurement 220
Q Waveform Measurement 221

Spurious Emissions Measurement Concepts 222
Purpose 222
Measurement Method 222

Spectrum Emission Mask Measurement Concepts 223
Purpose 223
Measurement Method 223

Occupied Bandwidth Measurement Concepts 224
Purpose 224
Measurement Method 224

Burst Power Measurement Concepts 225
Purpose 225
Measurement Method 225

Channel Power Measurement Concepts 227
Purpose 227
Measurement Method 227

Adjacent Channel Power (ACP) Measurement Concepts 228
Purpose 228
Measurement Method 228

Power Statistics CCDF Measurement Concepts 229
Purpose 229
Measurement Method 229

TOI Measurement Concepts 231
Purpose 231
Measurement Method 231

Harmonics Measurement Concepts 233

Purpose 233



Contents

Measurement Method 233
List Sweep Measurement Concepts 235

Purpose 235



Contents

10



Keysight X-Series B Model Signal Analyzers
Spectrum Analyzer Mode Measurement Guide

1 Getting Started with the Spectrum Analyzer
Measurement Application

This measurement guide covers the Spectrum Analyzer and 1Q Analyzer
Measurement Application Modes in the following Keysight signal analyzers:

— N9040B UXA
— N9030B PXA
— N9020B MXA
— N9010B EXA
— N9000B CXA
— NB8973B NFA

In this document, unless otherwise noted, the word "analyzer" is used to refer
to all of the models noted above. The topics in this chapter include:

— Technical Documentation for Your Analyzer
— Multitouch Ul Controls Vs. Hardkeys

— Presetting the Signal Analyzer

— Entering Numeric Data

— Using the Measurement Panel Drop Down Box to Configure a
Measurement

— Selecting the Mode, Measurement, and View
— Accessing the Help System

— Viewing a Signal

— Reading Frequency and Amplitude

— Changing the Reference Level

— Improving Frequency Accuracy

— Recommended Test Equipment

Ensure that the total power of all signals at the analyzer input do not
exceed +30 dBm (1 watt).

KEYSIGHT

TECHNOLOGIES
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ing Started with the Spectrum Analyzer Measurement Application

Technical Documentation for Your Analyzer

Technical Documentation for Your Analyzer

The

table below lists the sources of information available for your analyzer.

Basic information about your signal analyzer:

Getting Started — Turn on process
— Windows 7 use/configuration
— Front and rear panel controls and connections
Specifications Specifications for all available measurement applications and optional hardware

(for example, Spectrum Analyzer and Phase Noise)

Functional Testing

Quick checks for verifying instrument operation

Instrument Messages

Descriptions of Information, Warning and Error messages

(Spectrum Analyzer Measu

Measurement Applications and Help for your signal analyzer:

rement Application)

Measurement Guide

Examples of measurements using the front panel keys, Multitouch screen, or a
remote interface

User’'sand Programmer’s
Reference

Provides descriptions of specific analyzer functions for the Spectrum Analyzer
Measurement Application.

SA Mode Help Embedded in the instrument’s firmware.
Provides context-sensitive descriptions of front panel key functionality and
corresponding SCPI commands.

Web Help A Help file that is available for download at http://www.Keysight.com.

Allows access to descriptions of front panel key functionality and the corresponding
SCPI commands.
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Getting Started with the Spectrum Analyzer Measurement Application
Multitouch Ul Controls Vs. Hardkeys

Multitouch Ul Controls Vs. Hardkeys

Figure 1-1

Measurement Panel

Drop Down Box

This section contains information about the analyzer front panel controls used
most frequently to make the measurements in this guide.

For a fuller description of the front panel controls, consult the Getting Started
Guide or Help system in your analyzer.

Figure 1-1 shows the front panel controls on the front panel of the analyzer.

There are two ways to configure the analyzer for making measurements via the
front panel:

— The measurement and number hardkeys.

— The Multitouch User Interface (Multitouch Ul). The Multitouch Ul includes
the Hardkey Drop Down box and other on-screen controls.

All of the functions in the Measurement Hardkey Drop Down box have
equivalent hardkeys. Tapping a control has the same effect as pressing its
equivalent hardkey. When making a measurement, you can use either method.
In this guide, a combination of hardkeys and Multitouch Ul controls are used.

Multitouch Ul Controls and Hardkeys on the Front Panel

. 47 Preset hardkeys

Measurement
hardkeys

Number hardkeys

joar”
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Getting Started with the Spectrum Analyzer Measurement Application
Presetting the Signal Analyzer

Presetting the Signal Analyzer

The preset functions provide a convenient way to create and set the analyzer to
pre-configured measurement states. The two types of presets are:

— Default Presets. These are set at the factory.

— User Preset. This is a user-defined measurement state that can be applied
to the analyzer by pressing User Preset.

To access the Preset controls:

— Tap the green Preset icon in the upper right corner of the display
(Figure 1-2).

Figure 1-2 Accessing the Preset Panel

by

Mode Preset

Save User Preset

The Preset functions used most frequently in this guide are described below.

Mode Preset  Restores the analyzer to a default state for the current
mode. This affects most of the parameters of the mode,
but does not affect the Input/Output or System
variables. Mode Preset can be set either by the hard key
on the front panel, or by tapping Mode Preset on the
Preset drop down box (Figure 1-2).

Mode Preset only presets the current screen. It does not
affect any other screens.

Restore Mode Defaults Resets all of the additional settings of the
current mode as well as all of the Mode Preset settings.

14



Getting Started with the Spectrum Analyzer Measurement Application
Presetting the Signal Analyzer

Input/Output Preset Resets the group of settings and data associated
with the Input/Output front-panel key to their default
values. These settings are not affected by a Mode
Preset because they are generally associated with
connections to the instrument.

Using Input/Output Preset and Restore Mode Defaults,
a full preset of the current mode is performed. Note that
since Input/Output Preset is a global function, it affects
ALL modes.

Input/Output Preset can be executed from the
Input/Output menu, from the Preset drop down, or from
the Restore Defaults menu under the System key.

User Preset Restores the analyzer to a user-defined state. This
affects all parameters in the selected mode as well as
the Input/Output variables, but does not affect System
variables. Available as a hardkey and Multitouch icon.

Save User Preset Restores the analyzer to a user-defined state. This
affects all parameters in the selected mode as well as
the Input/Output variables, but does not affect System
variables.

Mode Preset does not preset all settings in the analyzer. For a more
complete preset, tap Restore Mode Defaults and Input/Output Preset in
the Preset menu.

Creating and Using a User Preset

The following steps describe how to create a user-defined preset if you
frequently need a consistent measurement configuration that is not a default
configuration.

Step Action Notes
1 Set analyzer parameters
as desired.
2 Set the current a. Tap the Preset icon and select Save
parameters as the user User Preset.

preset state.

3 Select a preset state. a. Tap the Preset icon (or press the
User Preset hardkey), and select
User Preset.

15



Getting Started with the Spectrum Analyzer Measurement Application
Entering Numeric Data

Entering Numeric Data

When setting up or changing the parameters of a function, numeric values are
often entered. There are two ways to enter numeric data into the analyzer:

— Number hardkeys: see Figure 1-1.

— Numeric Entry Panel: see Figure 1-3.

Both methods are described below.

Figure 1-3 Numeric Entry Panel

Fi v
Center Frequency x requency

Center Frequency
13.255000000 GHz 13.255000000 GHz

pan

A v @ 26.4900000 GHz

Swept Span
Zero Span
9

Full Span

tart Freq
10.000000 MHz

top Freq
26.500000000 GHz

Auto Tune

Entering Numeric Data into the Analyzer

Step Action Notes
1 Select the function you Select a function by doing one of the

want to enter numeric following:

data into. = Press a measurement hardkey.

= Tap the top of the Measurement
Hardkey Drop Down box, then
select the desired function.

2 Activate a function. a. On the multitouch screen,tapa  See Figure 1-4. Center
function to activate it. Frequency is the active function.
Note that the number has a black
background and blue border,
indicating it’s active.

16



Getting Started with the Spectrum Analyzer Measurement Application
Entering Numeric Data

Step Action Notes

Figure 1-4 An Active Function

Q Frequency

Center Frequency
13.256000000 GHz

Span
Note that the number has a black background 26.4900000 GHz
and blue border. This indicates the function is active.

Swept Span
Zero Span

3 Do you want to use the Number hardkeys, go to the next
number hardkeys, or the  step.

numeric entry panel? Numerical Entry Panel, go to

Step 5.
4 Enter a numerical value a. Press a number hardkey
using the number (Figure 1-1). This opens the
hardkeys. Numeric Entry Panel (Figure 1-3).

b. Continue entering the desired
number using the number
hardkeys.

c. Using the Numeric Entry Panel,
enter the desired units (i.e., MHz,
GHz, etc.).

d. The numeric entry panel closes.

5 Enter a numerical value a. Tap the active function to open
using the Numerical the Numeric Entry Panel
Entry Panel. (Figure 1-3).

b. Enter the number.

c. Enter the units (MHz, GHz, etc.).
The panel closes.



Getting Started with the Spectrum Analyzer Measurement Application
Using the Measurement Panel Drop Down Box to Configure a Measurement

Using the Measurement Panel Drop Down Box to Configure a
Measurement

The Measurement Panel Drop Down Box (Figure 1-5) is where you access and
change the settings for the measurement functions. Tap the top of the box to
display all of the available measurement functions, then tap on a function’s
name to access its settings.

Descriptions of the most commonly used functions in this guide are listed on
the following pages. For more information about the front panel controls, refer
to the Getting Started Guide or the on-screen Help system.

Figure 1-5 Accessing the Measurement Hardkey Drop Down Box
_
h
Amplitude
View the available measurement
BW functions by tapping the top of the
Measurement Hardkey Drop Down
box.

LY

Input/Cutput . .

Access the functions in a measurement
Marker function by tapping the function's
name.

Weas Setup

Peak Search

Sweep

Trace

Trigger

User Menu
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Getting Started with the Spectrum Analyzer Measurement Application
Selecting the Mode, Measurement, and View

Selecting the Mode, Measurement, and View

The Mode/Measure/View screen (Figure 1-6) is where you select the desired
Mode, Measurement, and/or View.

There are two ways to access this screen:
— Press the MODE/MEAS hardkey (Figure 1-7).
— Tap the Screen Tab (Figure 1-8).

Figure 1-6 The MODE/MEAS/VIEW Selector

Mode / Measurement / View Selector

To launch 89600 VSA press the button below:

89600 VSA

Screen Name

Frequency

Spectrum Analyzer 1

pectrum Analyzer

Real-Time Spectrum Analyzer

1Q Analyzer (Basic)

Phase Noise

Channel Power Spectrogram
Occupied BW Trace Zoom
ACP

Power Stat CCDF

Burst Power

Spurious Emissions

SEM

TOI

Harmonics

List Sweep
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Getting Started with the Spectrum Analyzer Measurement Application
Selecting the Mode, Measurement, and View

Figure 1-7 The MODE/MEAS Hardkey

MODE/
MEAS
|

(3

v @)
0l

<)) @u
o

Figure 1-8 The Screen Tab

Spectrum Analyzer 1 v +
Swept SA
KEYSIGHI1 |Input: REF Input Z: 50 0O Atten: 20 dB Trig: Free Run
LT-J Coupling: AC Cormections: Off Int Preamp: Off Gate: Off
Ext Gain: 0.00 dB Freq Ref: Sense, Int |LNP: Not Enabled
Align: Auto

Spectrum
Scale/Div 10 dB Ref Level 10.00 dBm

Using the Mode/Measurement/View Selector

Step Action Notes

1 Open the Press the MODE/MEAS hardkey,
Mode/Measurement/

View selector.
Tap the Screen Tab.

2 Select the desired Select the desired Mode, Measurement and
Mode, Measurement,  View from the corresponding columns.
and View.

3 Close the Tap OK at the bottom of the screen. This
Mode/Measurement/  action enables your selections and closes the
View Selector. Mode/Measurement/View selector.
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Getting Started with the Spectrum Analyzer Measurement Application
Accessing the Help System

Accessing the Help System

The analyzer has an embedded Help System that can answer many of your
questions about the use and function of the instrument. There are three ways
to access the embedded Help System on your analyzer:

— Tap the question mark (?) in the bottom-left corner of the display
(Figure 1-9).

— Press the green Help hardkey (Figure 1-10).

— Touch and hold a control on the display screen.

Figure 1-11 shows the Help screen.

Figure 1-9 Accessing The Help System: Tap the ? Icon

Center 23.377 GHz
Res BW 1.0 Hz

RO~ ?

Figure 1-10 Accessing The Help System: Press the Green Help Hardkey

Press the green Help hardkey.
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Getting Started with the Spectrum Analyzer Measurement Application
Accessing the Help System

Figure 1-11 The Help System

arvman
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- Wide multl-touch interface that supports gestures including pinch and zoom
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- User menu
- Multiple measurements

Block diagrams
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Contents

(000090 cos

29900900 S

22



Getting Started with the Spectrum Analyzer Measurement Application
Viewing a Signal

Viewing a Signal

Step Action Notes

1 Preset the analyzer. a. Press the Mode Preset hardkey.

Mode Preset does not preset all settings in the analyzer. For a
more complete preset, tap Restore Mode Defaults and
Input/Output Preset in the Preset menu.

2 Route the internal a. Press the Input/Output key.
50 MHz signal to the b

) . Tap the RF Calibrator on the menu
analyzer input.

panel and select 50 MHz.

3 Set the reference level  a. Press the AMPTD key.

to 10 dBm. b. Tap the Ref Level control and enter

10 dBm in the pop-up window.

4 Set the center a. Press the FREQ key.

frequency to 50 MHz.  , poyple tap the Center Frequency

control and enter 50 MHz.

5 Set the frequency span  a. Tap the Span control and enter 40
to 40 MHz. MHz in the pop-up window.

Spuh;:m Bl + Frequency ¥
KEYSIGHT Input REF Z60 ¢ Asten: 20 dB ig: Free Run Pm Bnqmde Agiypq LogPower |-
[ru] ‘Coupling: AC Cox i Int Praamp: Off Gate: - Off 1
Ext Gain: 0.00 dB s nsa, Int LNP: Not Enabled
Specirum
Scale/Div 10 dB Ref Level 10.00 dBm

LT NMM et ’“‘M'W["

Res BW 3!0 kH o) 5

(Center 50.




Getting Started with the Spectrum Analyzer Measurement Application
Reading Frequency and Amplitude

Reading Frequency and Amplitude

Step

Action

Notes

1 Activate a marker and
place it on the highest
amplitude signal.

|Spectrum Analyzer 1
+

KEYSIGHT |Input: REF Input Z: 50 01
M Orff

) Couplng: AC Com
&) Encanopoas  Fr

Specirum
Scale/Div 10 dB

i R

Res BW 390 kHz

24

Press Peak Search on the front panel;
or;

tap the Menu Panel Drop Down Box and
select Peak Search.

Anen: 20 dB
Int Preamp: Off
nsa, Int LNP: Not Enabled

Ref Level 10.00 dBm

BW 390

il
Span 40.00

The frequency and amplitude of
the marker appear in the active

function block in the upper-right
corner of the display (see next

page)

Marker

Peak Search
Next Peak
Mext Pk Right
Next Pk Left
Minamum Peak Marker—

Pk-Pk Search Counksr

Marker

- &2

Delta

Mir—CF

Micr—sRef Lyl

g

Continuous Peak
Search

3

29
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Getting Started with the Spectrum Analyzer Measurement Application

Changing the Reference Level

Changing the Reference Level

Step Action

Notes

1 Change the reference  a. Tap Mkr —> Ref Lvl.
level.

(Spectrum Analyzer 1 o +
| Swept SA

KEYSIGHT _Input: REF In

[ru] Couplng: AC 0

Ext Gain: 0.00 dB m

i

v 10 dB

Il
AP S

(Center 50.00 MHz Video BW 390 kHz
Res BW 390 kHz

The reference levelis now the
active function.

[+
Mext Pk Right
Aarker
Neadt Pk Left R
Minimum Peak Marker—s
Pk-Pk Search oUniaT
Marker Delta
Mikr—CF
Mir—Ref Lvl

Continuous Peak
Search

On
o
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Improving Frequency Accuracy

Improving Frequency Accuracy

When using the frequency count function, a display message may appear
that you need to reduce the Span/RBW ratio. This message appears if the
resolution bandwidth is too narrow (the ratio of the resolution bandwidth
to the span is less than 0.002).

Step Action Notes

1 Activate the Marker a. Select Counter tab from the menu panel.
Count menu.

Increase the accuracy of the a. Toggle Marker Count to the On state. The marker active

frequency reading in the marker function annotation

annotation. changes from Mkr1 to

Cnt1.

2 Move the signal peakto a. Select Peak Search tab and tap Mkr-> CF. The displayed resolution
the center of the in the marker annotation
display. improves.

Spectrum Analyzer 1
Swept SA v + Q Marker

KEYSIGHT |Input: REF Input Z: 50 O Aften: 6 dB Trig: Free Run PNO: Best Wide Avg Type: Log-Power 1]2 3 4 Select Marke
@ Coupling: AC Corrections: Off Int Preamp: Off Gate: Off IF Gain: Low NFE: Off ect lMarker
Ext Gain: 0.00dB  |Freq Ref: Sense, Int LNP: Not Enabled Sig Track: Off Marker 1
Align: Auto » A

Marker Frequency e
Spectrum Cnt1 49 999 999.999 Hz 50.000000 MHz Settings
Scale/Div 10 dB Ref Level -24.95 dBm -24.96 dBm Peak
¥
q Peak Search Search
Pk Search
Next Peak Config
Next Pk Right Properties
NextPkleft | Marker
Function
Pk-Pk Search CaviaT
Marker Delta
Mkr—CF
Mkr—Ref Lvi

Continuous Peak
Search

On

Off

Center 50.00 MHz Video BW 380 kHz Span 40.00 MHz|
Res BW 390 kHz Sweep 1.00 ms {1001 pts
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Recommended Test Equipment

Recommended Test Equipment

The following table lists the test equipment needed to perform the example
measurements described in this manual.

Test Equipment

Specifications

Recommended Model

Signal Sources

Signal Generator

(Two signal generators are used
in some procedures.)

9kHzt0 6.0 GHz
Ext Ref Input

MXG 51828

Adapters

Type-N (m) to BNC (f) (6)

1250-0780

Cables

BNC, 122 cm (48in) (3)

10503A

Miscellaneous

Directional Bridge

86205A RF Bridge

27
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Keysight X-Series B Model Signal Analyzers
Spectrum Analyzer Mode Measurement Guide

2 Measuring Multiple Signals

Comparing Signals Using Marker Delta

Use the delta marker function to compare the frequency and amplitude of two
signals on the display grid.

In this procedure, the analyzer's 10 MHz signal is used as an input. The
analyzer is set up to view the fundamental frequency and a harmonic of
10MHz. Two markers are then created, one for the fundamental peak, and
another for the harmonic. These markers are used to measure the frequency
and amplitude differences between the two signals (Figure 2-1).

Figure 2-1 Comparing Signals on the Display Grid
Signals you want
to compare
|
1 Il
Step Action Notes

1 Connect the 10 MHz
OUT from the rear
panel to the front panel
RF input.

KEYSIGHT

TECHNOLOGIES
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Measuring Multiple Signals
Comparing Signals Using Marker Delta

Step

Action Notes

2 Preset the analyzer.

The default Mode and
Measurement of the analyzer
is Spectrum Analyzer and
Swept SA. If necessary, you
can verify (and select) the
mode by pressing the
MODE/MEAS key.

a. Press the Mode Preset key.

Set the center
frequency and span to
view the 10 MHz signal
and its harmonics up to
50 MHz.

Mode Preset does not preset all settings in the analyzer. For a
more complete preset, tap Restore Mode Defaults and
Input/Output Preset in the Preset menu.

a. Press the FREQ key.
b. In the menu panel, double tap Center

Frequency and enter 30 MHz.

. Double tap Span and enter 50 MHz.

Set the analyzer
reference level.

a. Press the AMPTD key.
b. On the menu panel, double tap Ref

Level and enter 20 dBm.

Place a marker at the
highest peak on the
display (10 MHz).

. Press the Peak Search key

Or

Tap the menu panel title drop down
box and select Peak Search from the
drop down menu.

The marker should be on the
10 MHz reference signal.

You can use Next Pk Right
and Next Pk Left to move the
marker from peak to peak.

30

Anchor the first marker
and activate a second
delta marker.

. Tap the Settings tab.
b. In the Marker Mode selection list,

check Delta.

The symbol for the first
marker is changed from a
diamond to X2, indicating
that it is the fixed marker
(reference point). The second
marker symbal s labeled 1A2,
indicating it is the delta
marker. When you first press
the Delta key, both markers
are at the same frequency
with the symbols
superimposed over each
other. It is not until you move
the delta marker to a new
frequency that the different
marker symbols are easy to
discern.
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Comparing Signals Using Marker Delta

Step Action Notes

7 Move the delta marker a. Select the Peak Search tab. See Figure 2-2.

to another signal peak. |, 155 Next Peak to place the marker on  The difference between the

the harmonic signal. amplitude and frequency
markers is displayed in the
marker results area in the
upper right corner of the
screen.

Figure 2-2 Using the Delta Marker Function

Spectrum Analyzer 1
+ ﬁ Marker

KEYSIGHT Input: RF Input Z: 50 O Atten: 10 dB Trig: Free Run PNO: Best Wide Avg Type: Log-Power 234 Select Marker
@ Coupling: AC Comections: Off Int Preamp: Off Gate: Off IF Gain: Low NFE: Off W
Ext Gain'000dB  Freq Ref Sense, Int LNP: Not Enabled Sig Track: Off Marker 1
Align: Auto

- Marker A Frequency
Spectrum AMkr1 20.00 MHZ 20 000000 MHz
Scale/Div 10 dB Ref Level 0.00 dBm -51.06 dB Peak
Peak Search Search
Pk Search
Next Peak Config
Next Pk Right Properties
NextPkLeft | Marker
Function
Pk-Pk Search Counter
Marker Delta
Mkr—CF
Mkr—Ref Lvl

‘Continuous Peak
Search

On

Off

Center 30.00 MHz Video BW 470 kHz Span 50.00 MHz
Res BW 470 kHz Sweep 1.00 ms (1001 pts),

The frequency resolution of the marker readings can be increased by
turning on the marker count function. Tap the Counter tab in the Marker
menu, then toggle Marker Count to On.
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Comparing Signals Using the Marker Delta When One is not on the Display Grid

Measure the frequency and amplitude difference between two signals when
one of them is not on the display grid. This technique is useful for harmonic
distortion tests when narrow span and narrow bandwidth are necessary to

measure low level harmonics.

This procedure uses the analyzer’s 10 MHz signal as an input. Two markers are
created, one for the fundamental peak, and another for a harmonic. Due to the
analyzer’s settings, one of the markers is not on the display grid (see the figure
below). These markers are used to measure the frequency and amplitude

differences between the two signals (Figure 2-3).

Figure 2-3 Comparing Two Signals When One Signal is not on the Display Grid
Signals you want
to compare
.--""/ )
‘ | ]
Step Action Notes
1 Connect the 10 MHz OUT
from the rear panel to the
front panel RF input.
2 Preset the analyzer. a. Press the Mode Preset key. The default Mode and

Measurement of the analyzer
is Spectrum Analyzer and
Swept SA. If necessary, you
can verify (and select) the
mode by pressing the
MODE/MEAS key.
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Mode Preset does not preset all settings in the analyzer. For a
more complete preset, tap Restore Mode Defaults and

Input/Output Preset in the Preset menu.
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Comparing Signals Using the Marker Delta When One is not on the Display Grid

Step

Action

Notes

3

Set the center frequency
and span to view the 10
MHz signal and its
harmonics up to 50 MHz.

a
b

(@]

. Press the FREQ key.

. On the menu panel, double tap
Center Frequency and enter 10
MHz.

. Double tap Span and enter 5 MHz.

Set the analyzer reference
level.

a

on

. Press the AMPTD key.
. On the menu panel, double tap Ref

Level and enter 0 dBm.

Place a marker at the
highest peak on the
display (10 MHz).

. Press the Peak Search key

Or
Tap the menu panel and select
Peak Search.

Set the center frequency
step size equal to the
marker frequency.

a. Tap the Marker -> tab.
b. Tap Mkr ->CF Step.

Activate the marker delta
function.

a. Tap the Settings tab.
b. In the Marker Mode selection list,

check Delta.

Increase the center
frequency by 10 MHz.

a. Press the FREQ key.

. Double tap Center Frequency and
enter 20 MHz.

The first marker and delta
markers move to the left edge
of the screen, at the amplitude
of the first signal peak.

Move the delta marker to
the new center frequency.

. Press the Peak Search key

Or
Tap the menu panel and select
Peak Search.

Figure 2-4 shows the
reference annotation for the
first marker (2) at the left side
of the display, indicating that
the 10 MHz reference signal is
at a lower frequency than the
frequency range currently
displayed. The delta marker
(1A2) appears on the peak of
the 20 MHz component. The
delta marker results area
displays the amplitude and
frequency difference between
the 10 and 20 MHz signal
peaks.
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Step Action Notes

Figure 2-4 Delta Marker with Reference Signal Off-Screen
v + Q Marker

KEYSIGHT |Input: RF Input Z: 50 O Atten: 10 dB Trig: Free Run PNO: Best Wide Avg Type: Log-Power El 234
NFE: Off

Select Mark
Q Coupling: AC Cormections: Off Int Preamp: Off Gate: Off IF Gain: Low ect Marker

Ext Gain: 0.00 dB Freq Ref: Sense, Int |LNP: Not Enabled Sig Track: Off w Marker 1

Marker A Frequency 5
. Seftings
AMKr1 10.005 MHz{l; 5 605000 it
Ref Level 0.00 dBm -56.60 dB
Peak Search Search
Pk Search
Next Peak Config
Next Pk Right Properties.
Next Pkleft | Marker
Function

Align: Auto

Pk-Pk Search G
Marker Delta
Mkr—CF

Video BW 47 kHz Span 5.000 MHz|

Sweep 1.00 ms (1001 pts)
l’ Sep 08, 2015
11:58:46 AM

10Turn the markers off. a. Press Marker, Off.
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Resolving Signals of Equal Amplitude

In this procedure, the resolution bandwidth and video bandwidth on the
analyzer are decreased in order to resolve two signals of equal amplitude with
a frequency separation of 100 kHz. Note that the final RBW selection used to
resolve the signals is the same width as the signal separation, while the VBW is
slightly narrower than the RBW.

An MXG signal source is used in this procedure. Any comparable signal source

that can output a multitone signal can be used.

Step

Action

Notes

1 Connect the signal generator to the analyzer RF INPUT as shown.

.D: —

ooooo 2
ae

80000
@ooago
®0000

jal
"\- BLoE

Signal Generator

Signal Analyzer

F Output

2 Set up the signal source
to output a multitone

(two tone) signal.

o]

> Q@ S o o (@]

. Set the frequency to 300.05 MHz.
b. Set the amplitude to -20 dBm.

. Press Mode on the front panel and
press the Multitone key.

. Turn Multitone On.
. Press Initialize Table.

Set Number Of Tones to 2.

. Set Freq Spacing to 100 kHz.
. Press Done.
Press Apply Multitone.
j. Turn the RF Output On.

The second signal is 100
kHz higher than the first
signal in frequency, with
the same amplitude.
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Resolving Signals of Equal Amplitude

Step Action Notes

3 Preset the analyzer. a. Press the Mode Preset key. The default Mode and
Measurement of the analyzer
is Spectrum Analyzer and
Swept SA. If necessary, you
can verify (and select) the
mode Dy pressing the
MODE/MEAS key.

Mode Preset does not preset all settings in the analyzer. For a
more complete preset, tap Restore Mode Defaults and
Input/Output Preset in the Preset menu.

4 Set the center frequency a. Press the FREQ key.

and span. b. Double tap Center Frequency and
enter 300 MHz.
c. Double tap Span and enter 2 MHz.
5 Set the analyzer a. Press the BW key. A single signal peak is
resolution BW. b. Double tap Res BW and enter 300 visible. See Figure 2-5.
kHz.
Figure 2-5 Unresolved Signals of Equal Amplitude

Spectrum Analyzer 1
Swept SA v + ﬁ Frequency

KEYSIGHT |input RF Input Z: 50 O Atten: 10 dB Trig: Free Run PNO: Best Wide Avg Type: Log-Power 234
[ra) Coupling: AC Comections: Off Int Preamp: Off Gate: Off IF Gain: Low NFE: Off @ Center Frequency
Ext Gain: 0.00dB  Freq Ref: Sense, Int LNP: Not Enabled Sig Track: Off 300.000000 MHz
Align: Auto N
Span

2.00000000 MHz
Ref Level 0.00 dBm

Swept Span
Zero Span

Full Span
Start Freq
299.000000 MHz
Stop Freq
301.000000 MHz

CF Step
200.000 kHz
Auto

‘Center 300.000 MHz Video BW 300 kHz Span 2.000 MHz|
#Res BW 300 kHz Sweep 1.00 ms (1001 pts)
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Resolving Signals of Equal Amplitude

Step Action Notes
6 Change the RBW. a. Double tap Res BW and enter 100 The RBW setting is less than
kHz. or equal to the frequency

separation of the two signals.

7 Decrease the video BW.  a. Double tap Video BW and enter 10

Notice that the peak of the

kHz. signal has become two peaks
separated by a 2.5 dB dip
indicating that two signals
may be present. See Figure
2-6.
Figure 2-6 Unresolved Signals of Equal Amplitude

Spectrum Analyzer 1
Swept SA J |+

KEYSIGHT |Input: RF Input Z: 50 O Atten: 10 dB Trig: Free Run PNO: Balanced Avg Type: Log-Power m 2
NFE: Off

Q Coupling: AC Cormections: Off Int Preamp: Off Gate: Off IF Gain: Low
Ext Gain: 0.00dB  Freq Ref: Sense, Int LNP: Not Enabled Sig Track: Off
Align: Auto

Ref Level 0.00 dBm

RBW Filter Type
Gaussian v
RBW Filter BW

-3dB v

‘Center 300.000 MHz #Video BW 10 kHz Span 2.000 MHz|
Sweep 1.60 ms (1001 pts)

8 Decrease the RBW. a. Double tap Res BW and enter 10
kHz.

Two signals are now visible,
see Figure 2-7.If
necessary, use the
front-panel knob or step keys
to further reduce the
resolution bandwidth and
better resolve the signals.
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Step

Measuring Multiple Signals
Resolving Signals of Equal Amplitude

Action Notes

Figure 2-7

38

Spectrum Analyzer 1
Swept SA J +
KEYSIGHT |input: RF

Q Coupling: AC
Ext Gain: 0.00 dB

Resolving Signals of Equal Amplitude

Input Z: 50 O Atten: 10 dB Trig: Free Run PNO: Balanced Avg Type: Log-Power
Comections: Off Int Preamp: Off Gate: Off IF Gain: Low NFE: Off

Freq Ref: Sense, Int LNP: Not Enabled Sig Track: Off

Align: Auto

Ref Level 0.00 dBm

RBW Filter Type
Gaussian v
RBW Filter BW

-3dB v

N el

(Cer.2or 300.000 MHz
#Res BW 10 kHz

L9 ?

#Video BW 10 kHz Span 2.000 MHz|
Sweep 1.00 ms (1001 pts)

11:58:46

As the resolution bandwidth is decreased, the resolution of the individual signals improves,
and the sweep time increases (see “Resolving Closely Spaced Signals” on

page 195 in the Concepts chapter for more information.) For fastest measurement times,
use the widest possible resolution bandwidth. Under mode preset conditions, the resolution
bandwidth is “coupled” (or linked) to the span.

Since the resolution bandwidth has been changed from the coupled value, a # mark appears
next to Res BW in the lower-left corner of the screen, indicating that the resolution
bandwidth is uncoupled. (For more information on coupling, refer to the Auto Couple key
description in the Keysight Technologies X-Series User’s and Programmer’s Reference.)

A simple method for resolving two signals with equal amplitudes is to use
the Auto Tune Function as follows:

1 Press the Mode Preset key.
2 Tap Auto Tune.

The two signals are fully resolved with a marker placed on the highest peak. Refer
to Figure 2-8.



Measuring Multiple Signals
Resolving Signals of Equal Amplitude

Figure 2-8 Resolving Signals of Equal Amplitude

Spectrum Analyzer 1 ﬁ
+ Freauency
KEYSIGHT |Input: RF Input Z: 50 O Atten: 6 dB Trig: Free Run PNO: Balanced Avg Type: Log-Power
Q Coupling: AC Comections: Off Int Preamp: Off Gate: Off IF Gain: Low NFE: Off m Center Frequency
Ext Gain: 0.00 dB  |[Freq Ref: Sense, Int LNP: Not Enabled Sig Track: Off 97 MHz
Align: Auto 5
Span

Spectrum Mkr1 300.000 1 MHz| 313.512000 kHz
Scale/Div 10 dB Ref Level -13.34 dBm -23.26 dBm

Swept Span
Zero Span

Full Span
Start Freq
299893241 MHz

Stop Freq
300.206753 MHz

CF Step
31.351 kHz

Auto

Video BW 3.0 kHz Span 313.5 kHz|
Sweep 1.00 ms (1001 pts)
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Resolving Small Signals Hidden by Large Signals

Step

This procedure uses narrow resolution bandwidths to resolve two input signals
with a frequency separation of 50 kHz and an amplitude difference of 60 dB.

This procedure uses an MXG signal generator. Any comparable signal
generator can be used.

Action Notes

1 Connect the signal generator to the analyzer RF INPUT as shown.

40
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Measuring Multiple Signals
Resolving Small Signals Hidden by Large Signals

Step

Action Notes

2 Set up the signal
generator to output a
multitone (two tone)
signal.

a. Set the frequency to 300.025 MHz.  The second signal is 50 kHz
b. Set the amplitude to -10 dBm.

. Press Mode on the front-panel and  signal.
press the Multitone key.

. Turn Multitone On.
. Press Initialize Table.
Set Number Of Tones to 2.
. Set Freq Spacing to 50 kHz.

o

S Q@ S o0 o

. Press Done.
Press Edit Table.

j. Set the Power of Tone 2 to -60 dB.

k. Press Return.
l. Press Apply Multitone.

higher in frequency than the first
signal, and 60 dB below the first

3 Preset the analyzer.

Press the Mode Preset key. The default Mode and
Measurement of the analyzer is
Spectrum Analyzer and Swept
SA. If necessary, you can verify
(and select) the mode by
pressing the MODE/MEAS key.

4 Set the center
frequency and span.

Mode Preset does not preset all settings in the analyzer. For a
more complete preset, tap Restore Mode Defaults and
Input/Output Preset in the Preset menu.

a. Press the FREQ key.

b. On the menu panel, double tap
Center Frequency and enter 300
MHz.

c. Double tap Span and enter 500
kHz.

5 Set the analyzer
resolution BW.

a. Press the BW key.

b. On the menu panel, double tap Res
BW and enter 30 kHz.
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Step Action

Notes

6 Setthe 300 MHzsignal a. Press Peak Search on the front

The analyzer’s 30 kHz filter

peak to the reference panel shape factor of 4.1:1 has a
level. Or bandwidth of 123 kHz at the
Tap the menu panel and select Peak 60 dB point. The _
Search half-bandwidth, or 61.5 kHz, is
| NOT narrower than the
b. Tap Mkr ->Mkr Ref Lvl. frequency separation of 50 kHz,
so the input signals can not be
resolved. See Figure 2-9.
Figure 2-9 Signal Resolution with a 30 kHz RBW

Spectrum Analyzer 1
Swept SA y +
KEYSIGHT _|input RF

@ Coupling: AC
Ext Gain: 0.00 dB

Input Z: 50 O Atten: 6 dB
Comections: Off Int Preamp: Off
Freq Ref: Sense, Int LNP: Not Enabled
Align: Auto

PNO: Balanced
IF Gain: Low
Sig Track: Off

Trig: Free Run

Avg Type: Log-Power
Gate: Off NFE: Off

Mkr1 300.000 5 MHz|

Ref Level -10.20 dBm
A4

‘Center 300.0000 MHz
#Res BW 30 kHz

wOcA?

Video BW 30 kHz

Sep 08, 2015
11:58:46 AM

Lo

[1]2 5« Select Marker
w Marker 1

300.000500 MHz

Continuous Peak
Search

On

Off

Marker

-10.21 dBm F

Search

Pk Search
Config

Properties

Marker
Function

Marker—

Counter

Span 500.0 kHz,

Sweep 1.00 ms (1001 pts)

7 Decrease the RBW.

<]

. Press the BW key.

b. On the drop down menu, double tap
Res BW and enter 10 kHz.

The reduced resolution
bandwidth filter allows you to
view the smaller hidden signal.

8 Place a delta marker
on the smaller signal.

Q

. Press the Peak Search key.

b. On the drop down menu, tap
Marker Delta.

. Tap Marker A Frequency and enter
50 kHz.
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The analyzer’s 10 kHz filter
shape factor of 4.1:1 has a
bandwidth of 4.1 kHz at the
60 dB point. The
half-bandwidth, or 20.5 kHz, is
narrower than 50 kHz, so the
input signals can be resolved.
See Figure 2-10.



Step

Measuring Multiple Signals

Resolving Small Signals Hidden by Large Signals

Action

Notes

Figure 2-10

Spectrum Analyzer 1
Swept SA J +

KEYSIGHT _ |input: RF
Q CDUHII’QZ AC
Ext Gain: 0.00 dB

‘Center 300.0000 MHz

Signal Resolution with a 10 kHz RBW

Input Z: 50 O Atten: 6 dB
Comections: Off Int Preamp: Off
Freq Ref: Sense, Int LNP: Not Enabled
Align: Auto

Trig: Free Run
Gate: Off

PNO: Balanced
IF Gain: Low
Sig Track: Off

Ref Level -10.20 dBm
N2

Video BW 10 kHz

Avg Type: Log-Power m 2 4
NFE: Off W

AMKr1 50.0 kHz
-59.66 dB

Span 500.0 kHz|
Sweep 1.00 ms (1001 pts)

Lo

Select Marker
Marker 1

Marker

50.000 kHz

Continuous Peak
Search

On

Off

Settings

Search

Pk Search
Config

Properties.

Marker
Function

Marker—

Counter

To ensure an accurate measurement and optimum dynamic range,
you can use the Auto Couple function:

a. Press the MEAS SETUP key.
b. On the menu panel, tap Auto Couple. See Figure 2-11.
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Figure 2-11 Using Auto Couple

Spectrum Analyzer 1 v
Swept SA +
KEYSIGHT |Input: RF Input Z: 50 Q Atten: 6 dB Trig: Free Run PNO: Balanced Avg Type: Log-Power m 234
Q Coupling: AC Comections: Off Int Preamp: Off Gate: Off IF Gain: Low NFE: Off W
Ext Gain: 0.00dB  Freq Ref: Sense, Int LNP: Not Enabled Sig Track: Off
Align: Auto

Avg Ty
AMkr1 50.0 kHz|f oo e nen

Ref Level -10.20 dBm -59.78 dB Meas
Az

Standard
Legacy

< Meas Setup Compat
Summary Table
Tune &

Auto Couple Listen

Global

Video BW 4.7 kHz Span 500.0 kHz|
Sweep 1.00 ms (1001 pts)
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Decreasing the Frequency Span Around the Signal

You can use the Signal Track function to quickly decrease the frequency span
while keeping the signal at the center frequency. This is a fast way to magnify
the area around a signal in order to identify signals that would otherwise not be

resolved.

This procedure uses signal tracking with span zoom to view the analyzer
50 MHz reference signal in a 200 kHz span.

Step

Action

Notes

1 Preset the analyzer.

a. Press the Mode Preset key.

The default Mode and
Measurement of the analyzer is
Spectrum Analyzer and Swept
SA. If necessary, you can verify
(and select) the mode by
pressing the MODE/MEAS key.

2 Enable the internal
50 MHz amplitude
reference signal.

Mode Preset does not preset all settings in the analyzer. For a
more complete preset, tap Restore Mode Defaults and

Input/Output Preset in the Preset menu.

a. Press the Input/Output key.

b. Tap RF Calibrator and select 50
MHz.

3 Set the center

frequency and span.

a. Press the FREQ key.

b. On the menu panel, double tap Start
Frequency and enter 20 MHz.

c. Double tap Stop Frequency and
enter 1 GHz.

4 Turn on the signal
tracking function.

a. Tap Signal Track (Span Zoom) and
toggle it to On.

This places a marker at the
peak, moves the signal to the
center of the screen. and
initiates Signal Track.

See Figure 2-12.
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Step Action

Notes

Figure 2-12 Signal Tracking On Before Span Decrease

Spectrum Analyzer 1 v
Swept SA +
KEYSIGHT |Input: REF Input Z: 50 Q Atten: 10 dB Trig: Free Run
Q Coupling: AC Comections: Off Int Preamp: Off Gate: Off
Ext Gain: 0.00 dB Freq Ref: Sense, Int LNP: Not Enabled
Align: Auto

PNO: Fast
IF Gain: Low
Sig Track: On

Ref Level 0.00 dBm

Video BW 2.4 MHz

Avg Type: Log-Power m 2
NFE: Off

w

Swept Span
Zero Span

Signal Track
(Span Zoom)
On
Off

Stop 178.8 MHz|
Sweep 1.00 ms (1001 pts)

5 Set the calibration a. Press Marker on the front-panel
signal to the reference Or
level. Tap the menu panel and select

Marker.
b. Select the Mkr-> tab.
c. Tap Mkr-> Ref Lvl.

The signal track function
automatically maintains the
signal at the center of the
screen, so you can reduce the
span quickly for a closer look. If
the signal drifts off of the
screen as you decrease the
span, use a wider frequency
span.

6 Reduce the span and
resolution bandwidth.

o]

. Press the FREQ key.

. On the menu panel, double tap
Span and enter 200 kHz.

(o
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If the span change is large
enough, the span decreases in
steps as automatic zoom is
completed. You can also use
the front-panel knob or step
keys to decrease the span and
resolution bandwidth values.

See Figure 2-13.
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Step Action Notes

Figure 2-13 Signal Tracking After Zooming in on the Signal

Spectrum Analyzer 1
A
Swept SA +
KEYSIGHT |Input: REF Input Z: 50 Q Atten: 6 dB Trig: Free Run PNO: Balanced Avg Type: Log-Power m 234
Q Coupling: AC Comections: Off Int Preamp: Off Gate: Off IF Gain: Low NFE: Off W
Ext Gain: 0.00dB  Freq Ref: Sense, Int LNP: Not Enabled Sig Track: On
Align: Auto

Span
200.000000 kHz

Swept Span
Zero Span

Full Span
Start Freq
49.899933 MHz
Stop Freq
50.099933 MHz

Mkr1 49.999 9 MHz
Ref Level -24.95 dBm -24.99 dBm

Video BW 1.8 kHz
Sweep 1.27 ms (1001 pts)

7 Turn Signal Tracking a. Toggle Signal Track to Off.
off.

47



Measuring Multiple Signals
Measure Varying Levels of Modulated Power Compared to a Reference

Measure Varying Levels of Modulated Power Compared to a Reference

This procedure demonstrates how to use the Delta Band/Interval Power
Marker function to measure and capture the complex modulated power of a
reference device or setup, and then measure and compare the same
parameters after adjustments and changes are made to the reference device or
setup.

An important key to making accurate Band Power Marker measurements is to
insure that the Average Type under the Meas Setup key is set to Auto.

Step Action Notes

1 Connect the source RF OUTPUT to the analyzer RF INPUT as shown.

i
1
i
|
1

“1 E g DD0eoe Elg =]
: 8 051355 28808sS
' 18 500 - == RF Output

Signal Generator

A T s Bt B e e Y

—_— ‘ - = ' RFinput

Signal Analyzer

2 Set up the signal a. Set up a 4-carrier W-CDMA signal
source. (with frequency offset: -7.5 MHz, -2.5
MHz, 2.5 MHz, 7.5 MHz)

b. Set the source frequency to 1.96 GHz.
c. Set the source amplitude to -10 dBm.

3 Preset the analyzer.  a. Press the Mode Preset key. The default Mode and
Measurement of the analyzer is
Spectrum Analyzer and Swept
SA. If necessary, you can verify
(and select) the mode by
pressing the MODE/MEAS key.
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Step

Action

Notes

4 Tune to the
W-CDMA signal.

Mode Preset does not preset all settings in the analyzer. For a more
complete preset, tap Restore Mode Defaults and Input/Output
Preset in the Preset menu.

a.
b.

Press the FREQ key.

On the menu panel, tap Auto Tune.

5 Set the analyzer
reference level.

a. Press the AMPTD key.

. On the menu panel, double tap Ref

Level and enter 0 dBm.

6 Enable trace
averaging.

a. Press the Trace key.

b. In Trace Type selection list, check

Trace Average.

7 Enable the Band
Power Marker
function.

. Press Marker on the front-panel

Or
Tap the menu panel and select
Marker.

. Select the Marker Function tab.
. Tap Band Function and select Band

Power.

This measures the total power
of the reference 4 carrier
W-CDMA signal.

8 Centerthe frequency
of the Band/Interval
Power marker.

. Double tap Marker Frequency and

enter 1.96 GHz.

This centers the marker on the
4-carrier reference signal
envelope.

9 Adjust the width (or
span) of the
Band/Interval Power
marker.

. Double tap Band Span and enter 20

MHz.

This encompasses the entire
4-carrier W-CDMA reference
signal. See Figure 2-14.

Note the green vertical lines of
Marker 1 representing the span
of signals included in the
Band/Interval Power
measurement and the carrier
power indicated in Markers
Result Block.
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Step

Action

Notes

Figure 2-14

Power Marker

Spectr Al 1
Bl | +
KEYSIGHT _input:RF

Coupling: AC
L ey Sy

Spectrum
Scale/Div 10 dB

‘Center 1.96010 GHz
Res BW 510 kHz

- Sep 08, 201
=9 M ? B A A

Input Z: 50 Q
Corrections: Off
Freq Ref: Sense, Int LNP: Not Enabled
Align: Auto

Atten: 10 dB
Int Preamp: Off

Trig: Free Run
Gale: Off

PNO: Best Wide
IF Gain: Low
Sig Track: Off

Avg|Hold:>100/100
NFE: Off

Ref Level 0.00 dBm

Video BW 51 kHz"

Avg Type: Pawer (RMS)

[1]2 =«
A

Measured Power of Reference 4-carrier W-CDMA Signal Using Band/Interval

ﬁ Marker

Select Marker
Marker 1

[YE= :
Band Power -11.04 dBm

- Peak
Band Function SZZrI:h
Band Power Y

Pk Search

Band Span Config
20.000000 MHZz Properties
Band Left Markes

al T
1.950000000 GHz Function

Band Right Marker—s

1.970000000 GHz

N dB Points Counter

Off
Measure at
Marker
< Measure at
Marker Config

10Enable the Delta
Band Power Marker
functionality.

a. Select the Settings tab.

b. In the Marker Mode selection list,
check Delta.

This changes the reference
Band Power Marker into a fixed
power value (labeled X2) and
initiates a second Band Power
Marker (labeled 1A2) to
measure any changes in power
levels relative to the reference
Band Power Marker X2.

11Simulate a varying
power level resulting
from either
adjustments,
changes to the
reference DUT, or a
different DUT by
lowering the signal
source power.
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a. Set the source amplitude to -20 dBm.

Note the Delta Band Power
Marker value displayed in the
Marker Result Block showing
the 10 dB difference between
the modulated power of the
reference and the changed
power level.

See Figure 2-15.



Measuring Multiple Signals

Measure Varying Levels of Modulated Power Compared to a Reference

Step Action

Notes

Figure 2-15
to a Reference

Spectrum Analyzer 1
Swept SA

KEYSIGHT
L (vw]

|+

Input; RF
Coupling: AC

Ext Gain: 0.00 dB

Input Z: 50 Q Atten: 10 dB
Corrections: Off It Preamp: Off
Freq Ref: Sense, Int LNP: Not Enabled
Align: Auto

Trig: Free Run
Gale: Off

Spectrum

Scale/Div 10 dB Ref Level 0.00 dBm

‘Center 1.96010 GHz
Res BW 510 kHz

Video BW 51 kHz"

Lo,

Select Marker
Marker 1

Marker A Frequency
0 Hz

Marker Mode

Marker

PNO: Best Wide
IF Gain: Low
Sig Track: Off

Avg Type: Pawer (RMS)
AvglHold:>100/100
NFE: Off

AMkr1 0 Hz
Band Power -9.966 dB

Normal
Delta (A)

Fixed

Off

Delta Marker
(Reset Delta)

Marker Table
On
Off
< Marker Settings
Diagram
All Markers Off

Couple Markers
On
Off

Delta Band Power Markers Displaying Lower Modulated Power Level Compared

Settings

Peak
Search

Pk Search
Config

Properties.

Marker
Function

Marker—

Counter
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3  Measuring a Low—Level Signal

Reducing Input Attenuation

Low-level signal measurement can be challenging due to internally-generated
noise in the signal analyzer. The measurement setup can be changed in several
ways to improve the display of low-level signals.

The input attenuator of the analyzer reduces a signal passing into the
instrument. If a signal is very close to the noise floor, lowering the amount of
input attenuation can raise the signal above the noise.

Ensure that the total power of all input signals at the analyzer RF input
does not exceed +30 dBm (1 watt).

Step Action Notes
1 Set up the signal a. Set the frequency to 300 MHz.
generator. b. Set the amplitude to -80 dBm.

2 Connect the source RF OUTPUT to the analyzer RF INPUT as shown below.

#0000
@oooo
BO0O00

Signal Generator

A TN 1 b e e e i

-—' RF Input
Signal Analyzer

KEYSIGHT
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Measuring a Low—Level Signal
Reducing Input Attenuation

Step

Action

Notes

3 Preset the analyzer.

a.

Press the Mode Preset key.

The default Mode and
Measurement of the analyzer
is Spectrum Analyzer and
Swept SA. If necessary, you
can verify (and select) the
mode by pressing the
MODE/MEAS key.

Set the center
frequency and span.

Mode Preset does not preset all settings in the analyzer. For a more
complete preset, tap Restore Mode Defaults and Input/Output
Preset in the Preset menu.

a.
b.

Press the FREQ key.

In the menu panel, double tap Center
Frequency and enter 300 MHz.

. Double tap Span and enter 5 MHz.

Set the analyzer
reference level.

. Press the AMPTD key.

b. In the menu panel, double tap Ref Level

and enter —40 dBm.

Move the peak to the
center of the display.

. Press Peak Search on the front panel

Or
Tap the menu panel and select Peak
Search.

. In the menu panel, tap Mkr —> CF.

Reduce the span.

. Press the FREQ key.

b. On the menu panel, double tap Span

and enter 1 MHz.

If necessary, re-center the
peak.

b4

Set the attenuation.

a.
b.

(@]

Press the AMPTD key.

On the menu panel, tap the Attenuation
tab.

Double tap Mech Atten and enter 20 dB.

Increasing the attenuation
reduces the signal level,
moving it closer to the noise
floor.

A “#” mark appears next to
the Atten annotation at
the top of the display,
indicating that the
attenuation is no longer
coupled to ather analyzer
settings.

See Figure 3-1.



Measuring a Low—Level Signal
Reducing Input Attenuation

Step Action Notes

Figure 3-1 Measuring a Low-Level Signal Using Mechanical Attenuation

Spectrum Analyzer 1
A
Swept SA +
KEYSIGHT |Input: RF Input Z: 50 Q #Atten: 20 dB Trig: Free Run PNO: Balanced
Q Coupling: AC Comections: Off Int Preamp: Off Gate: Off IF Gain: Low
Ext Gain: 0.00dB  Freq Ref: Sense, Int LNP: Not Enabled Sig Track: Off
Align: Auto

Amplitude v

Ref Level -40.00 dBm Signal Path

Max Mixer Level
-10.00 dBm

‘Center 300.0000 MHz Video BW 9.1 kHz Span 1.000 MHz|
Sweep 1.00 ms (1001 pts)

9 Change the a. Double tap Mech Atten and enter 0 dB.  See Figure 3-2.
attenuation to see the
signal more clearly.
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Measuring a Low—Level Signal
Reducing Input Attenuation

Step Action Notes

Figure 3-2 Measuring a Low-Level Signal Using 0 dB Attenuation

Spectrum Analyzer 1 v
Swept SA +
KEYSIGHT |Input: RF Input Z: 50 Q #Atten: 0 dB Trig: Free Run PNO: Balanced Avg Type: Log-Power
Q Coupling: AC Comections: Off Int Preamp: Off Gate: Off IF Gain: High NFE: Off
Ext Gain: 0.00dB  Freq Ref: Sense, Int LNP: Not Enabled Sig Track: Off
Align: Auto

Ref Level -40.00 dBm

Max Mixer Level
-10.00 dBm

Span 1.000 MHz|

‘Center 300.0000 MHz Video BW 9.1 kHz
Sweep 1.00 ms (1001 pts)

10Increase the a. Tap Mech Atten and toggle its state to
attenuation to protect Auto.
the analyzer RF input.

When you finish this example, increase the attenuation to protect the
analyzer RF input.
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Measuring a Low—Level Signal
Decreasing the Resolution Bandwidth

Decreasing the Resolution Bandwidth

Resolution bandwidth settings affect the displayed level of internal noise
without affecting the amplitude of continuous wave (CW) signals. Decreasing
the RBW a decade lowers the noise floor 10 dB.

Step Action Notes
1 Set up the signal a. Set the frequency to 300 MHz.
generator. b. Set the amplitude to —80 dBm.

2 Connect the source RF OUTPUT to the analyzer RF INPUT as shown.

“I == = ‘S’ Dooens Elg =1
: e Rl |
b oo =8 500 % = = & RFOutput
o) = =6 988 ) 2B
L —emem

Signal Generator

A RITIT 1t Ao b s e i

— RF Input
Signal Analyzer
3 Preset the analyzer. a. Press the Mode Preset key. The default Mode and

Measurement of the
analyzer is Spectrum
Analyzer and Swept SA. If
necessary, you can verify
(and select) the mode by
pressing the MODE/MEAS
key.

Mode Preset does not preset all settings in the analyzer. For a
more complete preset, tap Restore Mode Defaults and
Input/Output Preset in the Preset menu.
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Measuring a Low—Level Signal
Decreasing the Resolution Bandwidth

Step Action Notes

4 Set the center frequency

<))

. Press the FREQ key.

and span. b. In the menu panel, double tap Center
Frequency and enter 300 MHz.
c. Double tap Span and enter 50 MHz.
5 Set the analyzer a. Press the AMPTD key.

reference level. b. In the menu panel, double tap Ref

Level and enter —40 dBm.

Figure 3-3 Default Resolution Bandwidth

Spectrum Analyzer 1 B
+ i

KEYSIGHT |Input: RF Input Z: 50 Q Atten: 6 dB Trig: Free Run PNO: Best Wide Avg Type: Log-Power E 234 Ref Level
Q Coupling: AC Comections: Off Int Preamp: Off Gate: Off IF Gain: Low NFE: Off w SilL=0E Y Scale
Ext Gain: 0.00dB  Freq Ref: Sense, Int LNP: Not Enabled Sig Track: Off -40.00 dBm

Align: Auto N
Scale/Div Attenuation
10 dB
Ref Level -40.00 dBm

Signal Path
Display Scale
Log
Lin

Y Axis Unit

dBm v
Ref Level Offset
0.00dB

|Center 300.00 MHz Video BW 470 kHz Span 50.00 MHz|
Res BW 470 kHz Sweep 1.00 ms (1001 pts)

6 Decrease the RBW. a. Press the BW key. The low-level signal
appears more clearly
because the displayed noise
level is reduced. See
Figure 3-4.

b. In the menu panel, double tap Res
BW and enter 47 kHz.
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Measuring a Low—Level Signal
Decreasing the Resolution Bandwidth

Step Action Notes

Figure 3-4 Decreasing Resolution Bandwidth

Spectrum Analyzer 1 v
Swept SA +
KEYSIGHT |Input: RF Input Z: 50 Q Atten: 6 dB Trig: Free Run PNO: Best Wide Avg Type: Log-Power m 2
Q Coupling: AC Comections: Off Int Preamp: Off Gate: Off IF Gain: Low NFE: Off W
Ext Gain: 0.00dB  Freq Ref: Sense, Int LNP: Not Enabled Sig Track: Off
Align: Auto

Ref Level -40.00 dBm

RBW Filter Type
Gaussian v
RBW Filter BW

-3dB v

Video BW 47 kHz Span 50.00 MHz|
Sweep 1.00 ms (1001 pts)

A“#” mark appears next to the Res BW annotation in the lower left corner of the screen, indicating that the resolution
bandwidth is uncoupled.

RBW Selections  You can use the step keys (up arrow or down arrow) to change the RBW in a
1-3-10 sequence.

All of the signal analyzer RBWs are digital and have a selectivity ratio of 4.1:1.
Choosing the next lower RBW (in a 1-3-10 sequence) for better sensitivity
increases the sweep time approximately 10:1 for swept measurements, and 3:1
for FFT measurements (within the limits of RBW). Using the knob or keypad,
you can select RBWs from 1 Hz to 3 MHz in approximately 10% increments,
plus 4, 5, 6 and 8 MHz.
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Measuring a Low—Level Signal
Using the Average Detector and Increased Sweep Time

Using the Average Detector and Increased Sweep Time

If the analyzer noise masks low-level signals, using the average detector and
increasing the sweep time smooths the noise and can improve signal visibility.
Increasing the sweep time increases averaging, which increases the smoothing
effect on noise.

Step Action Notes

1 Set up the signal a. Set the frequency to 300 MHz.
generator. b. Set the amplitude to —80 dBm.

2 Connect the source RF OUTPUT to the analyzer RF INPUT as shown.

— o [

RF Output

'D: -

Signal Generator

A ETMO 0t bt o e e i

RF Input
Signal Analyzer

3 Preset the analyzer. a. Press the Mode Preset key. The default Mode and
Measurement of the analyzer is
Spectrum Analyzer and Swept
SA. If necessary, you can verify
(and select) the mode by
pressing the MODE/MEAS key.

Mode Preset does not preset all settings in the analyzer. For a more
complete preset, tap Restore Mode Defaults and Input/Output Preset
in the Preset menu.

4 Set the center a. Press the FREQ key.
frequency and span.

b. In the menu panel, double tap Center
Frequency and enter 300 MHz.

c. Double tap Span and enter 5 MHz.
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Measuring a Low—Level Signal
Using the Average Detector and Increased Sweep Time

Step Action Notes

5 Set the analyzer
reference level.

a. Press the AMPTD key.

b. In the menu panel, double tap Ref Level

and enter -40 dBm.

6 Select the average
detector.

a. Press the Trace key.
b. In the menu panel, tap the Detector tab.
. In the Detector selection list, check

Average (Log/RMS/V).

The number 1 (Trace 1
indicator) in the
Trace/Detector panel (in the
upper right-hand corner of the
display) changes from green to
white, indicating that the
detector has been chosen
manually. In addition, the
letter in the Det row has been
set to “A” indicating that the
Average detector has been
selected. See Figure 3-5.

7 Increase the sweep
time.

a. Press the SWEEP key.

b. In the menu panel, double tap Sweep

Time and enter
100 ms.

You have increased the sweep
time. This decreases the noise
because there is more time to
average the values for each of
the displayed data points.

8 Change the average
type to
log averaging.

. Press the MEAS SETUP key.

b. In the menu panel, tap Average Type

and select
Log-Pwr (Video).

Note how the noise level drops.
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Measuring a Low—Level Signal
Using the Average Detector and Increased Sweep Time

Step Action Notes

Figure 3-5 Varying the Sweep Time With the Average Detector

Spectrum Analyzer 1 v
Swept SA +
KEYSIGHT |Input: RF Input Z: 50 Q Atten: 6 dB Trig: Free Run PNO: Best Wide #Avg Type: Log-Power m 234
Q Coupling: AC Comections: Off Int Preamp: Off Gate: Off IF Gain: Low NFE: Off W
Ext Gain: 0.00dB  Freq Ref: Sense, Int LNP: Not Enabled Sig Track: Off
Align: Auto

Spectrum Log-Pwr (Video)
Meas

Scale/Div 10 dB Ref Level -40.00 dBm Auto Standard
Man
Legacy
< Meas Setup Compat
Summary Table
Tune &

Auto Couple Listen

Global

‘Center 300.000 MHz Video BW 4.7 kHz™ Span 5.000 MHZ|
Res BW 47 kHz #Sweep 100 ms (1001 pts
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Measuring a Low—Level Signal
Trace Averaging

Trace Averaging

Averaging is a digital process in which each trace point is averaged with the
previous average for the same trace point. When the analyzer is autocoupled,
selecting averaging changes the detection mode from normal to sample.
Sample mode may not measure a signal amplitude as accurately as normal
mode, because it may not find the true peak.

This is a trace processing function and is not the same as using the
average detector (as described on page 60).

Step Action Notes
1 Set up the signal a. Set the frequency to 300 MHz.
generator.

b. Set the amplitude to —80 dBm.
2 Connect the source RF OUTPUT to the analyzer RF INPUT as shown.

i
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i
|
oec!

| BOO

|
W
o
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WE0O00
@0000
BO000
)
e e
e BOE
(1] 1]
oEo
mo0
080
-BOD

RF Output

Signal Generator

A BTt et e

é— RF Input

Signal Analyzer

3 Preset the analyzer. a. Press the Mode Preset key. The default Mode and
Measurement of the analyzer
is Spectrum Analyzer and
Swept SA. If necessary, you
can verify (and select) the
mode by pressing the
MODE/MEAS key.

Mode Preset does not preset all settings in the analyzer. For a
more complete preset, tap Restore Mode Defaults and
Input/Output Preset in the Preset menu.
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Measuring a Low—Level Signal
Trace Averaging

Step

Action

Notes

4 Set the center
frequency and span.

a.

b. In the menu panel, double tap Center

Press the FREQ key.

Frequency and enter 300 MHz.

c. Double tap Span and enter 5 MHz.
5 Set the analyzer a. Press the AMPTD key.
reference level. b. On the menu panel, double tap Ref
Level and enter —40 dBm.
6 Turn on Averaging. a. Press the Trace key. Trace Averaging smooths the

b. In the menu panel, check Trace

Average.

trace, making low-level
signals more visible.
Avg|Hold: >100/100 appears
in the measurement bar near
the top of the screen. See
Figure 3-6.

Annotation above the
graticule in the
measurement bar to the
right of center shows the
type of averaging,
Log-Power. Also, the number
of traces averaged is shown
on the Average/Hold
Number key.

7 Set number of
averages.

64

. Press the MEAS SETUP key.

b. On the menu panel, double tap

Average/Hold Number and enter the
number for your test.



Measuring a Low—Level Signal
Trace Averaging

Step Action Notes

Figure 3-6 Trace Averaging

Spectrum Analyzer 1
Swept SA J +

KEYSIGHT |Input: RF Input Z: 50 Q Atten: 6 dB Trig: Free Run PNO: Best Wide Avg Type: Log-Power 234
Q Coupling: AC Comections: Off Int Preamp: Off Gate: Off IF Gain: Low Avg|Hold:>100/100
Ext Gain: 0.00dB  Freq Ref: Sense, Int LNP: Not Enabled Sig Track: Off NFE: Off
Align: Auto

Spectrum Al
Scale/Div 10 dB Ref Level -40.00 dBm

Avg Type
Avg /Hold

‘Center 300.000 MHz Video BW 47 kHz Span 5.000 MHZ|
Res BW 47 kHz Sweep 1.00 ms (1001 pts

o[ ) 2] s LS

L)

Lo

Select Trace
Trace 1
Trace Type

Clear / White

Detector
Trace Average

Math
Max Hold

Trace
Min Hold Function

Restart Averaging

View/Blank
Active

View
Blank
Background

( Trace Settings
Table

Changing most active functions restarts averaging, as does pressing the
Restart key. Once the set number of sweeps completes, the analyzer continues

to provide a running average based on this set number.

If you want to stop measurement after a set number of sweeps, use single
sweep: Press Single and then press the Restart key on the front panel.
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4 Improving Frequency Resolution and Accuracy

Using a Frequency Counter to Improve Frequency Resolution and Accuracy

This procedure uses the signal analyzer’s internal frequency counter to
increase the resolution and accuracy of the frequency readout.

Step Action Notes

1 Preset the analyzer. a. Press the Mode Preset key. The default Mode and Measurement
of the analyzer is Spectrum Analyzer
and Swept SA. If necessary, you can
verify (and select) the mode by
pressing the MODE/MEAS key.

Mode Preset does not preset all settings in the analyzer. For a more
complete preset, tap Restore Mode Defaults and Input/Output Preset
in the Preset menu.

2 Enable the internal  a. Press the Input/Output key.

reference signal. b. In the menu panel, tap RF

Calibrator and select 50 MHz.

3 Set the center a. Press the FREQ key.

frequency and span. 1, |, the menu panel, double tap

Center Frequency and enter 50
MHz.

c. Double tap Span and enter 80 MHz.

4 Turn the frequency  a. Press Marker on the front-panel The marker counter remains on until
counter on. Or turned off.
Tap the menu panel and select
Marker.

b. Select the Counter tab.
c. Toggle Marker Count to On.

KEYSIGHT

TECHNOLOGIES
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Improving Frequency Resolution and Accuracy
Using a Frequency Counter to Improve Frequency Resolution and Accuracy

Step Action Notes

Figure 4-1 Using Marker Counter

Spectrum Analyzer 1
+ (o

KEYSIGHT |Input: REF Input Z: 50 Q Atten: 10 dB Trig: Free Run PNO: Best Wide Avg Type: Log-Power 2 a
Q Coupling: AC Cormections: Off Int Preamp: Off Gate: Off IF Gain: Low NFE: Off W
Ext Gain:0.00dB  Freq Ref: Sense, Int LNP: Not Enabled Sig Track: Off
Align: Auto

Marker Gount
Spectrum Cnt1 50 000 000.000 Hz on

Scale/Div 10 dB Ref Level 0.00 dBm -24.96 dBm Off
Counter Gate
100.0 ms

Auto
Man

'Center 50.00 MHz Video BW 750 kHz Span 80.00 MHz|
Res BW 750 kHz Sweep 1.00 ms (1001 pts

5 Turn the marker a. Toggle Marker Count to Off.
counter off. Or
Select the Settings tab and tap All
Markers Off.
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5  Tracking Drifting Signals

Measuring the Frequency Drift of a Source

The analyzer can measure the short- and long-term stability of a source. The
maximum amplitude and the frequency drift of an input signal trace can be
displayed and held by using the maximum-hold function. You can also use the
maximum hold function to determine how much of the frequency spectrum a
signal occupies.

This procedure uses signal tracking to keep a drifting signal in the center of the
display. The drift is captured by the analyzer using maximum hold.

Step Action Notes

1 Set up the signal a. Set the output frequency to 300 MHz.
generator. b. Set the output amplitude to —20 dBm.

2 Connect the source RF OUTPUT to the analyzer RF INPUT as shown.
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Tracking Drifting Signals
Measuring the Frequency Drift of a Source

Step

Action Notes

3 Preset the
analyzer.

a.

Press the Mode Preset key. The default Mode and
Measurement of the analyzer is
Spectrum Analyzer and Swept SA.
If necessary, you can verify (and
select) the mode by pressing the
MODE/MEAS key.

4 Turn on the signal
generator output.

Mode Preset does not preset all settings in the analyzer. For a more
complete preset, tap Restore Mode Defaults and Input/Output Preset
in the Preset menu.

a.

On the front panel of the signal
generator, press the RF On/Off key.

5 On the analyzer,
set the center
frequency and
span on the
analyzer.

. Press the FREQ key.

. In the menu panel, double tap Center

Frequency and enter 300 MHz.

. Double tap Span and enter 1 MHz.

6 Set the analyzer
reference level.

a. Press the AMPTD key.
b. In the menu panel, double tap Ref

Level and enter =5 dBm.

. Double tap Scale/Div and enter 15 dB.

7 Set the analyzer
RBW.

a. Press the BW key.
b. In the menu panel, double tap Res BW

and enter 30 Hz.

8 Place a marker on
the peak of the
signal.

. Press Peak Search on the front panel

Or
Tap the menu panel and select Peak
Search.

9 Turn on the signal
tracking function.

a. Press the FREQ key.
b. In the menu panel, tap Signal Track to

toggle it to On.

T10Reduce the span.

. Double tap Span and enter 50 kHz. Notice that the signaliis held in

the center of the display.

11Turn off the signal
track function.

70

. Toggle Signal Track to Off.



Tracking Drifting Signals
Measuring the Frequency Drift of a Source

Step Action

Notes

12Measure the a. Press the Trace key.

excursion of the b. In the menu panel, in Trace Type,

As the signal varies, Max Hold
maintains the maximum variations

signal. select Max Hold. of the input signal.
On the display, the annotation in
the upper right corner indicates
the trace mode (see
Figure 5-1). In this example,
the Min the Type row under
TRACE 1 indicates trace 1 is in
maximum-hold mode.

13Activate trace 2 a. Tap Select Trace and select Trace 2. Trace 1 remains in maximum hold

and change the b. Tap Clear and Write mode to show any drift in the

mode to ' ' signal.

continuous

sweeping.

14 Slowly change a. Set Incr Set of Frequency to 100 Hz.

the frequency of | yse the up and down arrows on the

the signal .
signal generator to vary the output

?ne?ggaﬂozr +2kHz around 300 MHz.

increments.

Your analyzer display should look
similar to Figure 5-1.
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Tracking Drifting Signals

Measuring the Frequency Drift of a Source

Step Action

Notes

Figure 5-1
J +

KEYSIGHT |Input: RF Input Z: 50 Q Atten: 6 dB
Q Coupling: AC Cormections: Off Int Preamp: Off Gate: Off
Ext Gain: 0.00 dB Freq Ref: Sense, Int LNP: Not Enabled
Align: Auto

Spectrum

Scale/Div 15 dB Ref Level -5.00 dBm

1

(Center 300.00000 MHz
#Res BW 30 Hz

Video BW 300 Hz

72

Trig: Free Run

Viewing a Drifting Signal With Max Hold and Clear Write

&

PNO: Balanced Select Trace

Avg Type: Log-Power 1 E a4
IF Gain: Auto

Avg|Hold:>100/100

Sig Track: Off NFE: Off Trace 2

i Ty
Mkr1 300.000 00 MHA L

-20.20 dBmj|,° Sleartwiite

Detector
Trace Average

Math
Max Hold

Trace
Min Hold Function

Clear and Write

View/Blank
Active

View
Blank
Background

< Trace Settings
Table

Span 50.00 kHz|
Sweep (FFT) ~62.9 ms (1001 pts




Tracking Drifting Signals
Tracking a Signal

Tracking a Signal

This procedure demonstrates how to keep a drifting signal centered in the
display by using the Signal Track function.

Note that the signal of interest will not stay in the center of the display if the
analyzer’s Center Frequency setting is changed. If you change the analyzer’s
Center Frequency setting when the Signal Track function is enabled, check to
ensure that the signal found by the tracking function is the correct signal.

Step Action

Notes

1 Set up the signal a. Set the output frequency to

source. 300 MHz.

b. Set the output amplitude to

—20 dBm.

2 Connect the source RF OUTPUT to the analyzer RF INPUT as shown.

Signal Generator
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RF Input

Signal Analyzer

3 Preset the analyzer. a. Press the Mode Preset key. The default Mode and Measurement of

the analyzer is Spectrum Analyzer and
Swept SA. If necessary, you can verify
(and select) the mode by pressing the
MODE/MEAS key.

Mode Preset does not preset all settings in the analyzer. For a more
complete preset, tap Restore Mode Defaults and Input/Output Preset
in the Preset menu.

4 Turn on the signal a. On the signal generator, set the RF

generator output. Output On.
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Tracking Drifting Signals
Tracking a Signal

Step

Action

Notes

5

On the analyzer, set
the center

frequency and span.

<))

. Press the FREQ key.
b. In the menu panel, double tap

Center Frequency and enter 301
MHz.

. Double tap Span and enter 10

MHz.

Place a marker on
the peak of the
signal.

. Press Peak Search on the front

panel

Or

Tap the menu panel and select
Peak Search from the drop
down menu.

Turn on the signal
tracking function.

a. Press the FREQ key.
b. Toggle Signal Track to On.

Notice that signal tracking places a
marker on the highest amplitude peak
and then moves the selected peak to the
center of the display. After each sweep,
the tracked signal is maintained in the
center of the display.

Turn on the delta
marker.

. Press Marker on the front-panel

Or
Tap the menu panel and select
Marker.

. In Marker Mode selection list,

check Delta.
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Change the
frequency of the
signal generator in
2 MHz increments.

Notice that as the signal’s frequency is
changed, itis kept in the center of the
analyzer’s display. The marker annotation
shows the difference, in frequency and
amplitude, from the original. See
Figure 5-2.



Step

Tracking Drifting Signals
Tracking a Signal

Action

Notes

Figure 5-2

Spectrum Analyzer 1
Swept SA

KEYSIGHT
re}

Ext Gain: 0.00 dB

Spectrum
Scale/Div 10 dB

‘Center 302.000 MHz
Res BW 91 kHz

Tracking a Drifting Signal

Input Z: 50 O Atten: 10 dB
Cormections: Off Int Preamp: Off
Freq Ref: Sense, Int LNP: Not Enabled
Align: Auto

Trig: Free Run
Gate: Off

Ref Level 0.00 dBm

Video BW 91 kHz

&

Select Marker
Marker 1

Mark Fi .
AMkr1 2.00 MHz SEimE
-0.0002251 dB

Peak
Marker Mode Search

Marker

PNO: Best Wide
IF Gain: L
Sig Track

Avg Type: Log-Power
NFE: Off

Normal Pk Search
Config
Delta (A)

Properties
Fixed

Marker

Function

Off

Delta Marker
(Reset Delta)

Marker—

Counter
Marker Table

On
Off

< Marker Settings
Diagram

All Markers Off

‘Couple Markers
On
Off

Span 10.00 MHz
Sweep 1.00 ms (1001 pts
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6 Making Distortion Measurements

|dentifying Analyzer Generated Distortion

Large input signals can cause distortion products in the analyzer that could
mask real distortion on the input signal. Using Trace 2 and the RF attenuator,
you can determine which signals, if any, are internally generated distortion
products.

This procedure demonstrates how to use a signal from a signal generator to
determine whether harmonic distortion is generated by the analyzer, or is part
of the input signal.

Step Action Notes
1 Set up the signal a. Set the frequency to 200 MHz.
generator. b. Set the amplitude to 0 dBm.

2 Connect the source RF OUTPUT to the analyzer RF INPUT as shown.

80000
@OOO0

Signal Generator

A BT 10 et i o P i

— = RFInput

Signal Analyzer

KEYSIGHT

TECHNOLOGIES
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Making Distortion Measurements
Identifying Analyzer Generated Distortion

Step

Action Notes

3 Preset the analyzer.

a. Press the Mode Preset key. The default Mode and
Measurement of the analyzer is
Spectrum Analyzer and Swept
SA. If necessary, you can verify
(and select) the mode by
pressing the MODE/MEAS key.

4 Turn on the signal
generator output.

Mode Preset does not preset all settings in the analyzer. For a
more complete preset, tap Restore Mode Defaults and
Input/Output Preset in the Preset menu.

a. Turn the RF Output On.

5 Onthe analyzer, set the

center frequency and
span.

a. Press the FREQ key.

b. In the menu panel, double tap
Center Frequency and enter 400
MHz.

c. Double tap Span and enter 500
MHz.

6 Set the analyzer
bandwidth.

78

a. Press the BW key. The signal produces harmonic
distortion products (spaced
200 MHz from the original 200
MHz signal) in the analyzer
input mixer as shown in
Figure 6-1.

b. In the menu panel, double tap Video
BW and enter 30 kHz.



Making Distortion Measurements
Identifying Analyzer Generated Distortion

Step Action Notes

Figure 6-1 Harmonic Distortion

KEYSIGHT |nput: RF Input Z: 50 Q Atten: 10 dB Trig: Free Run PNO: Fast Avg Type: Log-Power
Q Coupling: AC Cormections: Off Int Preamp: Off Gate: Off IF Gain: Low NFE: Off
Ext Gain: 0.00dB  Freq Ref: Sense, Int LNP: Not Enabled Sig Track: Off
Align: Auto

Ref Level 0.00 dBm

RBW Filter Type
Gaussian v
RBW Filter BW

-3dB v

#Video BW 30 kHz Span 500.0 MHz
Sweep 4.33 ms (1001 pts
9 Sep 08, 2015
11:58:46 AM

7 Change the center a. Press the Peak Search key on the
frequency to the value front-panel,
of the second Or
harmonic. Tap the menu panel and select Peak
Search.

b. In the menu panel, tap Next Peak.
c. Tap Mkr—CF.

8 Change the span to a. Press the FREQ key.

50 MHz and re-center ) |, the menu panel, double tap Span
the signal. and enter 50 MHz.

. Press the Peak Search key.

o O

. In the menu panel, tap Mkr—CF.

9 Set the attenuation to
0 dB.

<))

. Press the AMPTD key.

b. In the menu panel, tap the
Attenuation tab.

c. Double tap Mech Atten and enter 0
dB.
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Making Distortion Measurements
Identifying Analyzer Generated Distortion

Step

Action

Notes

10Save the trace data in
trace 2.

a. Press the Trace key.

b. Tap Select Trace and select Trace 2.

c. Tap Clear and Write.

11Allow trace 2 to
update.

a. In View/Blank selection list, check
View.

Allow a minimum of two
sweeps

12Place a delta marker on

the harmonic of trace 2.

a. Press the Peak Search key.

b. In the menu panel, tap Marker
Delta.

The analyzer display shows the
stored data in trace 2 and the
measured data in trace 1. The
AMkr1 annotation displays the
amplitude difference between
the reference and active
markers.

13Increase the RF
attenuation to 10 dB.
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a. Press the AMPTD key.
b. Select the Attenuation tab.

c. Double tap Mech Atten and enter 10
dB.

The AMkr1 annotation now
displays the amplitude
difference between the 0 dB
and 10 dB input attenuation
settings. If the AMkrT
amplitude is approximately

>1 dB for an input attenuator
change of 10 dB, the distortion
is being generated, at least in
part, by the analyzer. In this
case more input attenuation is
necessary. Increase the input
attenuation until AMkrT
amplitude stops increasing or
decreasing in value. Return to
the previous attenuator step
and the input signal distortion
measured will be minimally
impacted by the analyzer
internally generated distortion.
See Figure 6-2.



Making Distortion Measurements
Identifying Analyzer Generated Distortion

Step Action Notes

Figure 6-2 RF Attenuation of 10 dB

L} + Amplitude v
KEYSIGHT |Input: RF Input Z: 50 O #Atlen: 10 dB Trig: Free Run PNO: Best Wide Avg Type: Log-Power
Q Coupling: AC Cormections: Off Int Preamp: Off Gate: Off IF Gain: Low NFE: Off

Ext Gain: 0.00dB  Freq Ref: Sense, Int LNP: Not Enabled Sig Track: Off
Align: Auto

Ref Level -20.00 dBm Signal Path

-10.00 dBm

e

¥

#Video BW 30 kHz
Sweep 2.80 ms (1001 p
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Making Distortion Measurements
One-Button Harmonics Measurement

One-Button Harmonics Measurement

Large input signals may cause distortion products in the analyzer that could
mask real distortion on the input signal. Using Trace 2 and the RF attenuator,
you can determine which signals, if any, are internally generated distortion
products.

This procedure demonstrates how to use a signal from a signal generator to
determine whether harmonic distortion is generated by the analyzer, or is part
of the input signal.

Step Action Notes

1 Set up the signal a. Set the frequency to 400 MHz.
generator. b. Set the amplitude to O dBm.

Connect the source RF OUTPUT to the analyzer RF INPUT as shown.

DOoODO 2
aoe

Al

AE000
@0000
80000

= RF Output

'\- Bo®
ooo
(Elw/u]
oEc!
oEo
ooa

Signal Generator

N BT 04 bt b o e i o

L o nput
Signal Analyzer

2 Preset the analyzer. a. Press the Mode Preset key.

Mode Preset does not preset all settings in the analyzer. For a more
complete preset, tap Restore Mode Defaults and Input/Output Preset
in the Preset menu.

3 Select the a. Press the MODE/MEAS key. The default Mode and
Mode/Measurement . Measurement of the analyzer is
Niew. b. Sellect Harmonics in the Measurement Spectrum Analyzer and Swept

cotumn. SA. If necessary, you can verify
c. Tap OK button at the bottom of the (and select) the mode by
display. pressing the MODE/MEAS key.

4 Turn on the signal a. On the signal generator, turn the RF
generator output. Output On.
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Making Distortion Measurements
One-Button Harmonics Measurement

Step Action Notes

5 View the The signal produces harmonic
measurement distortion products (spaced 400
results on the MHz from the original 400 MHz
analyzer. signal) in the analyzer input mixer

as shown in Figure 6-3.

When the Range Table is turned
off, or the Fundamental
frequency or Res BW is set in
Sense mode, tap Meas
Preset to restart the
measurement.

Figure 6-3 Harmonics Measurement Result

Spectrum Analyzer 1
Harmonics v +

KEYSIGHT nput: RF Input Z: 50 Q Aften: 10 dB Trig: Free Run IF Gain: Low Fundamental: 399.999996 MHz
Q Coupling: AC Comections: Off Int Preamp: Off NFE: Off
Ext Gain:0.00dB  Freq Ref: Sense, Int |LNP: Not Enabled
Align: Auto

i Ref Value 0.00 dBm Freq Step
Frequency | Amplitude
400.0 MHz| -0.344 dBm Freq Offset
800.0MHz| -50.62 dBc
1.200 GHz| -68.28dBc
1.600 GHz| -70.62 dBc
2.000 GHz| -98.22dBc
2.400 GHz| -103.76 dBc
2.800 GHz| -101.23 dBc
3.200 GHz| -97.31dBc
3.600 GHz| -101.96 dBc
4.000 GHz| -100.25 dBc

0.30 %
-50.51 dBc

1 2 3 4 5 6
Fundamental 399.999996 MHz Harmonic Number

6 Adjust the Range a. Press the MEAS SETUP key. Up to 10 harmonics can be
Table to b. Toggle the Range Table state to On. measured. See Figure 6-4.
independently set ]
parameters for each  C- Tap Range Table to edit the table.
harmonic.
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Making Distortion Measurements
One-Button Harmonics Measurement

Step

Action

Notes

Figure 6-4 Harmonics Measurement - Range Table
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Range Table

Harmonic | Measure Tone Frequency

1.000000000 GHz
1.000000000 GHz
1.000000000 GHz
1.000000000 GHz
1.000000000 GHz
1.000000000 GHz
1.000000000 GHz
1.000000000 GHz
1.000000000 GHz

1.000000000 GHz

alsl] ek

RBW Auto

Range Table

RBW

10.000 kHz

10.000 kHz

10.000 kHz

10.000 kHz

10.000 kHz

10.000 kHz

10.000 kHz

10.000 kHz

10.000 kHz

10.000 kHz

Dwell Time Auto

Auto Fill

Dwell Time

20.0000 ms

20.0000 ms

20.0000 ms

20.0000 ms

20.0000 ms

20.0000 ms

20.0000 ms

20.0000 ms

20.0000 ms

20.0000 ms

ﬁ Meas Setup ¥

A1vng|HoId Number Settings

Averaging
On
Off

Average Mode
Repeat

‘( Range Table I

Meas Setup
Summary Table

Auto Couple

Meas Preset




Making Distortion Measurements
Third-Order Intermodulation Distortion

Third-Order Intermodulation Distortion

When two different signals are present in a non-linear system, they can
interact and create third-order intermodulation distortion products that are
close in frequency to the original signals. These distortion products are
generated by system components such as amplifiers and mixers. Testing for
third-order intermodulation distortion is common in communication systems.

This procedure describes how to assemble and characterize a test setup for
third-order intermodulation distortion. The test setup can then be used to
measure the third-order intermodulation distortion of a device-under-test
(DUT) that is connected between the input of the analyzer and the test setup.

Two sources are used, one set to 300 MHz and the other to 301 MHz. These
signals are combined in a directional coupler, resulting in a two-tone signal
with very low intermodulation distortion. Although the distortion from this
setup may be below the measurable range of the analyzer, it is useful for
determining the TOI performance of the source/analyzer combination. After
the test setup has been characterized, the DUT (for example, an amplifier) can
be inserted between the directional coupler and the analyzer, and it’s
performance compared to the baseline characterization.

Step Action Notes

1 Connect two sources to The coupler should have
the analyzer RF INPUT high isolation between the
as shown. two input ports so the

sources do not
intermodulate.

SPECTRUM
ANALYZER
SIGNAL GENERATOR #1 SIGNAL GENERATOR #2 __~ N\
- B o B DUI:II:IEE
=0 5B5EH
o 8 BEBE © o B BE8E © = sialaany
S s 2ol |3 B Ho = S
LB o | L
RF Input
Output
3
2 =
DIRECTIONAL
COUPLER
mxa-pl790b
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Making Distortion Measurements
Third-Order Intermodulation Distortion

Step

Action

Notes

2 Set up the signal

sources.

a. Set the frequency of signal generator
#1 to 300 MHz.

b. Set the frequency of signal generator
#2 to 301 MHz.

c. Set the amplitudes of both signals to
-5 dBm.

This produces two signals of
equal amplitude and 1 MHz
apart.

The two signals may be
attenuated differently as
they pass through the
directional coupler. If
necessary, adjust the
smaller signal to match the
amplitude of the larger
signal on the analyzer
display.

3 Preset the analyzer.

a. Press the Mode Preset key.

The default Mode and
Measurement of the analyzer
is Spectrum Analyzer and
Swept SA. If necessary, you
can verify (and select) the
mode by pressing the
MODE/MEAS key.

Set the center
frequency and span.

Mode Preset does not preset all settings in the analyzer. For a
more complete preset, tap Restore Mode Defaults and

Input/Output Preset in the Preset menu.

a. Press the FREQ key.

b. Double tap Center Frequency and
enter 300.5 MHz.

c. Double tap Span and enter 5 MHz.

Set the analyzer
detector to Peak.

a. Press the Trace key.
b. Select the Detector tab.

c. In the Detector selection list, and
check Peak.

Set the mixer level to

improve dynamic range.

a. Press the AMPTD key.
b. Select the Attenuation tab.

c. Double tap Max Mixer Lvl and enter
-10 dBm.

The analyzer automatically
sets the attenuation so that
a signal at the reference
level has a maximum value
of =10 dBm at the input
mixer.

Move the signal to the
reference level.

QO

. Press the Peak Search key.
. Tap Mkr — Ref Lvl.

(on

86

Reduce the RBW until
the distortion products
are visible.

o]

. Press the BW key.

b. Double tap Res BW and set it to
10kHz.



Making Distortion Measurements
Third-Order Intermodulation Distortion

Step

Action

Notes

9

Activate the second
marker and place it on
the peak of the

a. Press the Peak Search key.
b. Tap Marker Delta.

Use the Next Right key (if
the first marker is on the
right test signal) or Next

distortion product c. Tap Next Left (as appropriate). Left key (if the first marker
closest to the marker is on the left test signal):
test signal. See Figure 6-5.
10Measure the other a. Select Settings tab., Normal,
distortion product Peak Search, Next Peak.
b. In Marker Mode selection list., check
Normal. Peak Search, Next Peak.
c. Select Peak Search tab.
d. Tap Next Peak.
11Activate the second a. Tap Marker Delta. See Figure 6-6.

marker and place it on
the peak of the
distortion product
closest to the marked
test signal.

b. Tap Next Left (as appropriate).
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Making Distortion Measurements
Third-Order Intermodulation Distortion

Step Action Notes

Figure 6-5 Measuring the Distortion Product - the first signal and its distortion product
gae;.ltrusrRAnalyzeM v + n Marker
KEYSIGHT |Input: RF Input Z: 50 O Atten: 6 dB PNO: Best Wide  Avg Type: Log-Power
Q ‘Coupling: AC Corrections: Off Preamp: Off Gate: Off Trig: Free Run
Align: Off Freq Ref: Sense, IntLNP: Not Enabled IF Gain: Low Marker 1
NFE: Off Source: Off Sig Track: Off NNNNN
Spectrum AMkr1 -1.000 MHz
Scale/Div 10 dB Ref Level -7.51 dBm -70.69 dB
2 Peak Search Search

Pk Search
Next Peak Config

Select Marker

Marker A Frequency Settings

Next Pk Right Properties

Marker

NERlsleR Function

Minimum Peak Marker—
Pk-Pk Search Counter
Marker Delta

Mkr—CF

Mikr—Ref Lvl

Video BW 10 kHz Span 5.000 MHz
Sweep 1.07 ms (1001 pts)

wa| [} * 7
'"LA% »u

Spectrum Analyzer 1
Swept SA v + # Marker

KEYSIGHT |nput: RF Input Z: 50 O Aiten: 6 dB PNO: Best Wide  |Avg Type: Log-Power
Coupling: AC Cormections: Off Preamp: Off i Trig: Free Run
Align® OFf Freq Ref Sense, IntLNP: Not Enabled Marker 1
NFE: Off ‘Source: Off Sig Track: Off

- - - Mai Frequenc: ——
Spectrum AMkr1 1.000 MHz 1,000 SQUENSY | Settings
Scale/Div 10 dB Ref Level -6.82 dBm -74.53 dB
x Peak Search
Pk Search
Next Pk Right Properties
Next Pk Left plal
Function

‘Select Marker

Pk-Pk Search Counter
Marker Delta
Mkr—CF

Center 300.500 MHz Video BW 10 kHz Span 5.000 MHz|
#Res BW 10 kHz Sweep 1.07 ms (1001 pts)

| ) *
S SIS
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Making Distortion Measurements
One-Button TOI Measurement

One-Button TOl Measurement

Step

When two different signals are present in a non-linear system, they can
interact and create third-order intermodulation distortion products that are
close in frequency to the original signals. These distortion products are
generated by system components such as amplifiers and mixers. Testing for
third-order intermodulation distortion is common in communication systems.

This procedure describes how to simplify third order intermodulation distortion
measurements by selecting the TOI measurement function. In this example, a
300 MHz signal and 301 MHz are combined in a directional coupler, and the
combined signal sent to the analyzer.

Although the distortion from this setup may be below the measurement limits
of the analyzer, it is useful for determining the TOI performance of the
source/analyzer combination. After the performance of the source/analyzer
combination has been verified, the device-under-test (DUT) (for example, an
amplifier) would be inserted between the test setup and the analyzer input.

Action Notes

1 Connect the signal
generators to the
analyzer as shown.

SPECTRUM
ANALYZER

)

SIGNAL GENERATOR #1 SIGNAL GENERATOR #2 _ ~
& N\ £ R

00000

Oooooo %E /
oo + 0

00000

o TEEEE
oo
8 gaEg o H gesg o =| =588
g 8o 8 B =5 @E
(9 B8s= (9 BaF" =|'='8
oog o O oogo O o @ g
558 888 o 888 888 o o OoD o0 0o O

o

DIRECTIONAL
COUPLER

mxa-pl790b
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Making Distortion Measurements
One-Button TOI Measurement

Step

Action

Notes

2 Set up the signal
sources.

a.

Set the frequency of signal
generator #1 to 300 MHz.

. Set the frequency of signal

generator #2 to 301 MHz.

. Set signal generator #1 amplitude

to -5 dBm.

. Set signal generator #2 amplitude

to -5 dBm.

This setup produces two
signals of equal amplitude,
1 MHz apart.

NOTE: The two signals may
be attenuated differently as
they pass through the
directional coupler. If
necessary, adjust the
amplitudes of the two signals
at the signal generators to be
equal on the analyzer display.

3 Preset the analyzer.

. Press the Mode Preset key.

The default Mode and
Measurement of the analyzer
is Spectrum Analyzer and
Swept SA. If necessary, you
can verify (and select) the
mode by pressing the
MODE/MEAS key.

4 Select the
Mode/Measurement/
View.

Mode Preset does not preset all settings in the analyzer. For a
more complete preset, tap Restore Mode Defaults and

Input/Output Preset in the Preset menu.

a. Press the MODE/MEAS key.
b. Select Spectrum Analyzer in the

Mode column.

. Select TOI in the Measurement

column.

. Tap OK at the bottom of the

display.

5 Set the center frequency

and span.

o]

. Press the FREQ key.

b. Double tap Center Frequency and

C.

enter 300.5 MHz.

Double tap Span and enter 5 MHz.

You can also easily read the
measurement result by
tapping Auto Tune.

In the Graph window, you can see the base and intermod peaks are annotated with a

number in white:

1 - Lower intermodulation
2 - Lower base

3 - Upper base

4 - Upper intermodulation
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See Figure 6-7.



Making Distortion Measurements
One-Button TOI Measurement

Step Action

Notes

Figure 6-7 TOl Measurement

Center Freq: 300.50000C

Scale/Div 10 dB

€0 Mm?

Q Frequency v

Fraquency
500000 MHz

6 Turn on Zero Span a. Press the MEAS SETUP key.

Measurement to get a b. Select the ZeroSpan tab.
more accurate result.
c. Toggle Zero Span Measurement to

On.

See Figure 6-8. The results
are superimposed on the
graticule in the form of a blue
box. The TOI number is the
worse (lower) of the two
calculated intercept points,
while the delta is the worse
(higher) of the measured dBc
values.
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Making Distortion Measurements
One-Button TOI Measurement

Step Action Notes

Figure 6-8 TOl Measurement Result - Zero Span

Spectrum Analyzer 1
TOI +

KEYSIGHT |Input: RF Input Z: 50 Atten: 6 dB Trig: Free Run Center Freq: 300.50000(
G (Coupling AC Corections: Off  Preamp: Off PNO: Best Wide
\Align: Off Freq Ref: Sense, IntLNP: Not Enabled  IF Gain: Low
NFE: Off
Graph

Scale/Div 10 dB Ref Value 0.00 dBm 47 000 kHz

Auto
Man

Dwell Time
273 ms

Auto
Man

Center 300.5 MHz Video BW 47 kHz Span 5 MHz,
#Res BW 47 kHz Sweep Time 2.73 ms|

Metrics. v

Frequency Amplitude Amplitude TOI TOl 29.419 dBm

(dBm) (dBc) (dB A
Lower 3rd 3 y -75.669 29.48

Lower Tone

Upper Tone

Upper 3rd 3 -74.591 29.419

-74.59 dBc
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/ Measuring Noise

Measuring Signal-to-Noise

Step

Signal-to-noise ratio (SNR), is widely used as a measure of noise in a system.
Typically, the more signals added to a system, the greater the noise level. This
lowers the SNR, making it more difficult to demodulate modulated signals.
SNR is also referred to as carrier-to-noise in some communication systems.

The SNR measurement procedure below may be adapted to measure any
signal in a system if the signal (carrier) is a discrete tone. If the signal in your
system is modulated, it is necessary to modify the procedure to correctly
measure the modulated signal level.

In this example, the analyzer’s internal 50 MHz reference signal is the signal of
interest, and the internal noise of the analyzer is measured as the system noise.
To do this, the input attenuator must be set so that both the signal and the
noise are well within the calibrated region of the display.

Action Notes

1 Preset the analyzer.  a. Press the Mode Preset key. The default Mode and

Measurement of the analyzer is
Spectrum Analyzer and Swept SA.
If necessary, you can verify (and
select) the mode by pressing the
MODE/MEAS key.

Mode Preset does not preset all settings in the analyzer. For a more
complete preset, tap Restore Mode Defaults and Input/Output
Preset in the Preset menu.

2 Enable the internal a. Press the Input/Output key.

reference signal.

b. In the menu panel, tap RF Calibrator
and select 50 MHz.

3 Set the center

frequency and span.

a. Press the FREQ key.

b. In the menu panel, double tap
Center Frequency and enter 50
MHz.

c. Double tap Span and enter 1 MHz.

KEYSIGHT

TECHNOLOGIES
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Measuring Noise
Measuring Signal-to-Noise

Step

Action

Notes

4

Set the reference
level and
attenuation.

a. Press the AMPTD key.

b. In the menu panel, double tap Ref
Level and enter -10 dBm.

c. Tap the Attenuation tab.

d. Double tap Mech Atten and enter 40
dB.

Place a marker on
the peak of the
signal and place a
delta marker in the
noise.

a. Press the Peak Search key on the
front panel
Or
Tap the menu panel and select Peak
Search from the drop down menu.

b. In the menu panel, tap Marker Delta
and Marker A Frequency, then enter
200 kHz.

Turn on the marker
noise function.

a. Select Marker Function tab.

b. Tap Band Function and select
Marker Noise.

This enables you to view the
signal-to-noise measurement
results.

See Figure 7-1.
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Measuring Noise
Measuring Signal-to-Noise

Step Action Notes

Figure 7-1 Measuring Signal-to-Noise

Spectrum Analyzer 1
Swept SA v -|- Q Marker

KEYSIGHT |Input: REF Input Z: 50 Q #Atten: 40 dB Trig: Free Run PNO: Balanced Avg Type: Power (RMS) m 234 [Select Marker
Q Coupling: AC Comections: Off Int Preamp: Off Gate: Off IF Gain: Low NFE: Off W

Ext Gain: 0.00 dB Freq Ref: Sense, Int LNP: Not Enabled Sig Track: Off Marker 1

Marker A Frequency i
- Settings
AMkr1 200 kHz{} 500 000 iz
Ref Level -10.00 dBm Noise -91.38 dB/Hz Peak
Band Function Search
Marker Noise M
Pk Search
Band S Config
X2 50.000 kHz Properties
Band Left EE
arker
50175000 MHz Function
Band Ri Marker—
50.225000 MHz
and

Align: Auto

pan
ight
B Span Counter
Auto
Man
N dB Paints
-3.01 dB

On
Off

Measure at
Marker

Measure at
Marker Config

(Center 50.0000 MHz Video BW 910 Hz"

Read the SNR in dB/Hz, that is, with the noise value determined for a 1 Hz
noise bandwidth. If you wish the noise value for a different bandwidth,
decrease the ratio by 10x log(517) . For example, if the analyzer reading is
—70 dB/Hz but you have a channel bandwidth of 30 kHz:

S/N = —70 dB/Hz + 10 x log (30 kHz) = —25.23 dB/(30 kHz)

When Marker Noise is activated, the Trace/Detector mode is set to
Average (Log/RMS/V).
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Measuring Noise
Measuring Noise Using Marker Noise

Measuring Noise Using Marker Noise

This procedure uses the marker function Marker Noise to measure noise in a
1 Hz bandwidth. The noise marker measurement is made near the 50 MHz
reference signal to illustrate the use of Marker Noise.

Step Action Notes

1 Preset the analyzer.  a. Press the Mode Preset key. The default Mode and
Measurement of the analyzer is
Spectrum Analyzer and Swept
SA. If necessary, you can verify
(and select) the mode by pressing
the MODE/MEAS key.

Mode Preset does not preset all settings in the analyzer. For a more
complete preset, tap Restore Mode Defaults and Input/Output
Preset in the Preset menu.

2 Enable the internal a. Press the Input/Output key.
reference signal. b. Tap RF Calibrator and select 50 MHz.

3 Set the center a. Press the FREQ key.

frequency and span. |, |, the menu panel, double tap Center

Frequency and enter 49.98 MHz.
c. Double tap Span and enter 100 kHz.

4 Set the reference a. Press the Amplitude key.
level and b

. . In the menu panel, double tap Ref
attenuation.

Level and enter -10 dBm.
c. Select the Attenuation tab.

d. Double tap Mech Atten and enter 40
dB.
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Measuring Noise
Measuring Noise Using Marker Noise

Step

Action

Notes

5 Turn on the marker
noise function.

a. Press the Marker key.

b. In the menu panel, select the Marker
Function tab.

c. Tap Band Function and select Marker
Noise.

This enables you to view the
signal-to-noise measurement
results.

Note that display detection
automatically changes to “Avg”.
Average detection calculates the
noise marker from an average
value of the displayed noise.
Notice that the noise marker
floats between the maximum and
minimum displayed noise points.
The marker readout is in dBm

(1 Hz) or dBm per unit
bandwidth.

For noise power in a different
bandwidth, add 10 x log(BW) .
For example, for noise power in a
1 kHz bandwidth, dBm (1 kHz),
add 10 x Jog(1000) or 30 dB to
the noise marker value.

6 Reduce the
variations of the
sweep-to-sweep
marker value by
increasing the sweep
time.

a. Press the SWEEP key.

b. Double tap Sweep Time and enter
3s.

Increasing the sweep time when
the average detector is enabled
allows the trace to average over a
longer time interval, thus
reducing the variations in the
results (increases measurement
repeatability).

7 Move the marker.

a. Press the Marker key.

b. Double tap Marker Frequency and
enter 50 MHz.

The noise marker value is based
on the mean of 5% of the total
number of sweep points centered
at the marker in the
initially-selected span. The points
that are averaged span one-half
of a division. Changing spans
after enabling the noise marker
will result in the marker averaging
a progressively wider or narrower
portion of the newly-selected
span and corresponding sweep
points. This occurs because the
marker is locked to 5% of the
initially selected span.

8 Adjust the width of
the noise marker
relative to the span.

a. Select the Marker Function tab.

b. Double tap Band Span and enter
1 Hz.
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Measuring Noise

Measuring Noise Using Marker Noise

Action

Notes

9 Widentheresolution a. Press the BW key.

This allows the marker to make a

98

bandwidth. b. In the menu panel, double tap Res more accurate peak power
BW and enter 10 kH measurement using the noise
ane emer z marker as shown in Figure 7-2.
Figure 7-2 Noise Marker

Spectrum Analyzer 1
Swept SA

]+

KEYSIGHT |Input: REF Input Z: 50 Q #Alten: 40 dB Trig: Free Run
@ Coupling: AC Comections: Off Int Preamp: Off Gate: Off
Ext Gain: 0.00dB  Freq Ref: Sense, Int LNP: Not Enabled

‘Center 49.98000 MHz
#Res BW 10 kHz

Align: Auto

Ref Level -10.00 dBm

Video BW 1.0 kHz"

PNO: Balanced Avg Type: Pawer (RMS) m 2 4
IF Gain: Low NFE: Off W
Sig Track: Off

Mkr1 50.000 0 MHz
Noise -65.19 dBm/Hz

RBW Filter Type
Gaussian

RBW Filter BW
-3dB
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Measuring Noise Using Marker Noise

Step

Action

Notes

10Set the analyzer to
zero span at the
marker frequency.

a. Press the Marker key.

b. In the menu panel, select Mkr— tab
and tap Mkr—CF.

c. Press the FREQ key.

d. In the menu panel, tap Span and
toggle to Zero Span.

Note that the marker amplitude
value is now correct since all
averaged points are at the same
frequency and not influenced by
the shape of the bandwidth
filters. See Figure 7-3.

Recall that the noise marker
calculates a value based on an
average of the points around the
frequency of interest. Generally
when making power
measurements using the noise
marker on discrete signals, first
tune to the frequency of interest
and then make your
measurement in zero span (time
domain).

Figure 7-3

Spectrum Analyzer 1
Swept SA y +
KEYSIGHT |input: REF

Q Coupling: AC
Ext Gain: 0.00 dB

(Center 50.000000 MHz
#Res BW 10 kHz

Input Z: 50 O
Comections: Off
Freq Ref: Sense, Int LNP: Not Enabled
Align: Auto

Marker Noise with Zero Span

#Atten: 40 dB
Int Preamp: Off

PNO: Balanced
IF Gain: Low
Sig Track: Off

Trig: Free Run
Gate: Off

Ref Level -10.00 dBm

Video BW 100 kHz*

Center Frequency Settings

Zero Span

Full Span
Start Freq
50.000000 MHz
Stop Freq
50.000000 MHz
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Measuring Noise-Like Signals Using Band/Interval Density Markers

Band/Interval Density Markers let you measure power over a frequency span.
The markers allow you to easily select any portion of the displayed signal.

Note that in this procedure, some of the analyzer’s parameters are autocoupled
to make sure the analyzer is responding to power (rms voltage-responding).
Other parameters are not coupled, and must set.

Step Action Notes

1 Preset the analyzer. a. Press the Mode Preset key. The default Mode and
Measurement of the analyzer is
Spectrum Analyzer and Swept SA.
If necessary, you can verify (and
select) the mode by pressing the
MODE/MEAS key.

Mode Preset does not preset all settings in the analyzer. For a
more complete preset, tap Restore Mode Defaults and
Input/Output Preset in the Preset menu.

2 Enable the internal a. Press the Input/Output key.

reference signal. b. In the menu panel, tap RF

Calibrator and select 50 MHz.

3 Set the center a. Press the FREQ key.

frequency and span. b. In the menu panel, double tap

Center Frequency and enter 50

MHz.
c. Double tap Span and enter 100
kHz.
4 Setthe reference level a. Press the AMPTD key.
and attenuation. b. In the menu panel, double tap Ref

Level and enter -20 dBm.
c. Select the Attenuation tab.

d. Double tap Mech Atten and enter
40 dB.

5 Measure the total a. Press the Marker key.
noise power between

b. In the menu panel, select the
the markers.

Marker Function tab.

c. Tap Band Function and select
Band Density.

6 Set the band span. a. Double tap Band Span and enter
40 kHz.
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Step Action Notes
7 Settheresolutionand a. Press the BW key. Common practice is to set the
video bandwidths. resolution bandwidth from 1% to

b. In the menu panel, double tap Res 3% of the measurement (marker)

BW and enter 1 kHz. span, 40 kHz in this example. See
c. Double tap Video BW and enter 10 Figure 7-4.
kHz.

Figure 7-4 Band/Interval Density Measurement

Spectrum Analyzer 1
Swept SA J +

KEYSIGHT |Input: REF Input Z: 50 Q #Atten: 40 dB Trig: Free Run PNO: Balanced Avg Type: Power (RMS) m 234
Coupling: AC Comections: Off Int Preamp: Off Gate: Off IF Gain: Low NFE: Off W Res BW
Ext Gain: 0.00 dB  |[Freq Ref: Sense, Int LNP: Not Enabled Sig Track: Off 1.0kHz

Align: Auto Auto

Spectrum Mkr1 50.000 0 MHz Man

Scale/Div 10 dB Ref Level -20.00 dBm Band Density -71.01 dBm/Hz|JVideo B
T 10 kHz
Auto
Man
1 0.1

'VBW:3 dB RBW

Auto
Man

Span:3 dB RBW
106

Auto
Man

RBW Filter Type
Gaussian v
RBW Filter BW

-3dB v

‘Center 50.00000 MHz #Video BW 10 kHz™ Span 100.0 kHz
#Res BW 1.0 kHz Sweep 23.3 ms (1001 pts

=M ? T

8 Set the Band/Interval  a. Drag the Marker 1 (green This allows you to move the
Density Markers. diamond) to the appropriate point ~ markers (set at 40 kHz span)
for your test. around without changing the

Band/Interval span. Touch the
display and drag the band power
markers and note the change in
the power reading.

See Figure 7-5 on the next
page.
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Step Action Notes
Figure 7-5 Band/Interval Density Measurement
-

KEYSIGHT |Input: REF Input Z: 50 Q #Atten: 40 dB Trig: Free Run PNO: Balanced Avg Type: Power (RMS) m 234
Q Coupling: AC Comections: Off Int Preamp: Off Gate: Off IF Gain: Low NFE: Off W
Ext Gain: 0.00dB  Freq Ref: Sense, Int LNP: Not Enabled Sig Track: Off
Align: Auto
Spectrum

Scale/Div 10 dB

Ref Level -20.00 dBm

I

RBW Filter Type
Gaussian

RBW Filter BW
-3dB

‘Center 50.00000 MHz #Video BW 10 kHz™ Span 100.0 kHz
#Res BW 1.0 kHz Sweep 23.3 ms (1001 pts
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Step Action Notes

Figure 7-6 Band/Interval Power Measurement

Spectrum Analyzer 1
+ =

KEYSIGHT |Input: REF Input Z: 50 Q #Atten: 40 dB Trig: Free Run PNO: Balanced Avg Type: Power (RMS) Select Marker
Q Coupling: AC Cormections: Off Int Preamp: Off Gate: Off IF Gain: Low NFE: Off
Ext Gain'0.00dB  Freq Ref Sense, Int LNP: Noi Enabled Sig Track: Off Marker 1
Align: Auto

Spectrum Mkr1 50.000 0 MHz
Scale/Div 10 dB Ref Level -20.00 dBm Band Power -24.96 dBm

Marker Frequency
50.000000 MHz

Peak
Band Function Szgn:h
Band Power M

Pk Search
Band Span Config
40.000 kHz Properties
Band Left

0000 MHz

B ight
50020000 MHz

Settings

Marker
Function

N dB Points
3.01dB
On
Off
Measure at
Marker

< Measure at
Marker Config

Center 50.00000 MHz #Video BW 10 kHz™ Span 100.0 kHz
#Res BW 1.0 kHz Sweep 23.3 ms (1001 pts

Band/Interval Density Markers can be changed to read the total absolute
power. Press Marker, tap Band Function, and select Band Power in the
drop down menu. See Figure 7-6.
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Measuring Noise-Like Signals Using the Channel Power Measurement

You may want to measure the total power of a noise-like signal that occupies
some bandwidth. Typically, channel power measurements are used to measure
the total (channel) power in a selected bandwidth for a modulated (noise-like)
signal. Alternatively, to manually calculate the channel power for a modulated
signal, use the noise marker value and add 10 x log(channel BW) . However, if you
are not certain of the characteristics of the signal, or if there are discrete
spectral components in the band of interest, you can use the channel power
measurement. This example uses the noise of the analyzer, adds a discrete
tone, and assumes a channel bandwidth (integration bandwidth) of 2 MHz. If
desired, a specific signal may be substituted.

Step Action Notes

1 Preset the analyzer. a. Press the Mode Preset key.

Mode Preset does not preset all settings in the analyzer. For a more
complete preset, tap Restore Mode Defaults and Input/Output Preset
in the Preset menu.

2 Select the a. Press the MODE/MEAS key. The default Mode and
Mode/Measurement . Measurement of the analyzer is
Niew. b. Sellect Spectrum Analyzer in the Mode Spectrum Analyzer and Swept

cotumn. SA. If necessary, you can verify
c. Select Channel Power in the (and select) the mode by

Measurement column. pI’BSSiﬂg the MODE/MEAS key.
d. Select Normal from the View column.
e. Tap OK button at the bottom of the

display.

3 Enable the a. Press the Input/Output key. This routes a discrete tone to
analyzer's internal b. In the menu panel, tap RF Calibrator the inputto see the effects on
50 MHz reference " and select 50 MHz the reading.
signal. '

4 Set the center a. Press the FREQ key.
frequency. b. In the menu panel, double tap Center

Frequency and enter 50 MHz.

5 Enable the bar a. Press the Display key.

graph. b. In the menu panel, toggle Bar Graph to
On.

6 Optimize the a. Press the AMPTD key. Your display should be similar

analyzerattenuation  p golact the Attenuation tab to Figure 7-7.

level setting.
c. Tap Adjust Atten for Min Clipping.
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Step Action Notes

Figure 7-7 Measuring Channel Power

Spectrum Analyzer 1 v +
Channel Power

KEYSIGHT |Input: REF Input Z: 50 Q Atten: 6 dB Trig: Free Run #PNO: Fast Center Freq: 50.000000 MHz
Coupling: AC Cormections: Off Int Preamp: Off Gate: Off #IF Gain: Low Avg|Hold:>10110
Ext Gain: 0.00 dB Freq Ref: Sense, Int LNP: Not Enabled NFE: Off Radio Std: None
Align: Auto
Graph
Scale/Div 15.0 dB

Adjust Atle_n for Min

Clipping

Mech Atten Step

‘Center 50 MHz Video BW 270.00 kHz* z]
Res BW 27.000 kHz p Time 4.93 ms (1001 pts

Total Channel Power -24.96 dBm / 2.00 MHz

Total Power Spectral Density -87.97 dBm/Hz

The power reading is essentially that of the tone. The total noise power is far

enough below that of the tone that the noise power contributes very little to
the total.

The algorithm that computes the total power works equally well for signals of
any statistical variant, whether tone-like, noise-like, or a combination.
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Measuring the Carrier-to-Noise Ratio of a Modulated Carrier

Step

In modulated carrier systems, carrier-to-noise ratio (CNR), is used to define the
noise performance of the system. Typically, the more signals added to the
system, or increase in the complexity of the modulation scheme, can add to the
noise level. This can reduce the CNR and impact the quality of the
demodulated signal. For example, a reduced CNR in digital systems may cause
an increase in error vector magnitude (EVM).

With modern complex digital modulation schemes, measuring the power in a
modulated carrier requires capturing all of its power accurately. This procedure
uses the Band Power Marker with an RMS average detector to accurately
measure the carrier's power within a user-adjustable region. A Noise Marker
(normalized to a 1 Hz noise power bandwidth) with an adjustable noise region
is also employed to allow the user to select and accurately measure the system
noise of interest. An important key to making accurate Band Power Marker and
Noise Power measurements is to insure that the Average Type under the Meas
Setup key is set to “Auto”.

In this example, a 4-carrier W-CDMA digitally-modulated carrier is used as the
fundamental signal, and the internal noise of the analyzer is measured as the
system noise.

Action Notes

1 Set up the signal

generator.

a. Set up a 4 carrier W-CDMA signal.

b. Set the source frequency to
1.96 GHz.

c. Set the source amplitude to
-10 dBm.

Connect the source RF OUTPUT to the analyzer RF INPUT as shown below.
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Measuring the Carrier-to-Noise Ratio of a Modulated Carrier

Step

Action

Notes

2 Preset the analyzer.

a.

Press the Mode Preset key.

The default Mode and
Measurement of the analyzer is
Spectrum Analyzer and Swept
SA. If necessary, you can verify
(and select) the mode by pressing
the MODE/MEAS key.

Turn on the signal
generator output.

Mode Preset does not preset all settings in the analyzer. For a more
complete preset, tap Restore Mode Defaults and Input/Output
Preset in the Preset menu.

a.

Switch the signal generator output
On.

Tune to the W-CDMA

signal on the analyzer.

o Qo

. Press the FREQ key.

. In the menu panel, tap Auto Tune.

Enable the Band
Power Marker
function.

o]

. Press the Marker key.

b. In the menu panel, select the

Marker Function tab.

. Tap Band Function and select Band

Power.

This measures the total power of
the 4 carrier W-CDMA signal.

Center the frequency
of the Band Power
marker on the signal.

. Double tap Marker Frequency and

enter 1.96 GHz.

Adjust the width (or
span) of the Band
Power marker.

. Double tap Band Span and enter 20

MHz.

This encompasses the entire 4
carrier W-CDMA signal.

See Figure 7-8.

107



Measuring Noise
Measuring the Carrier-to-Noise Ratio of a Modulated Carrier

Step

Action

Notes

Figure 7-8

]+

KEYSIGHT _ |input: RF
Q Coupling: AC

Spectrum
Scale/Div 10 dB

Center 1.96013 GHz
Res BW 510 kHz

™ Sep 08, 2015
=- ") (& - ? 1E1:F?58i45AM

Input Z: 50 O
Comections: Off

Atten: 10 dB (e0) Trig: Free Run

Sig Track: Off

Ref Level -8.63 dBm

N ra I
f"‘ P'F'WW"IFIW ]'|"|"M1

Video BW 51 kHz™

PNO: Best Wide Avg Type: Power (RMS) |I| 2 4

Int Preamp: Off Gate: Off IF Gain: Low NFE: Off

Ext Gain: 0.00 dB Freq Ref: Sense, Int LNP: Not Enabled
Align: Auto

4 Carrier W-CDMA Signal Power Using Band Power Marker

Q Marker

Select Marker
Marker 1

Marker Fi )
Mkr1 1.960 00 GHz| Settings
Band Power -11.13 dBm

Peak
Band Function Szgn:h
Band Power M

Pk Search
Band Span Config
20.000000 MHz Properties
Band Left =

arker

1.950000000 GHz Function

Band Right
1.970000000 GHz

Marker—

N dB Points Counter
3.01dB
On
Off
Measure at
Marker

< Measure at
Marker Config

Span 52.88 MHZ

Sweep 2.07 ms (1001 pts

Note the green vertical lines of Marker 1 representing the span of signals included in the Band Power measurement and the
carrier power indicated in the Markers Result Block (the green text on the screen).

8 Enable the Noise
Marker using
marker 2.

. Tap Select Marker and select

Marker 2.

. Tap Band Function and select

Marker Noise in the drop down
menu.

This measures the system noise
power.

9 Move Noise Marker 2
to the system noise
frequency of interest.

. Double tap Marker Frequency and

enter 1.979 GHz.

This encompasses the desired
noise power.

10Adjust the width of
the noise marker
region.
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. Double tap Band Span and enter

5 MHz.

See Figure 7-9.
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Step

Action

Notes

Figure 7-9

Spectrum Analyzer 1
Swept SA J +
KEYSIGHT Input: RF
Coupling: AC
Ext Gain: 0.00 dB

Input Z: 50 O

Align: Auto
Spectrum
Scale/Div 10 dB

‘Center 1.96013 GHz
Res BW 510 kHz

Cormections: Off
Freq Ref: Sense, Int LNP: Not Enabled

rlﬂrrr'y il

Noise Marker Measuring System Noise

Atten: 10 dB (20)
Int Preamp: Off

Trig: Free Run
Gate: Off

PNO: Best Wide
IF Gain: Low
Sig Track: Off

Ref Level -8.63 dBm

L

Video BW 51 kHz"

Marker

&

:\-;_:E Tg:!: Power (RMS) [1]2 o 4 Select Marker
: w Marker 2

Marker Frequency
1.979000000 GHz
Band Function
Marker Noise v
Band Span

5.000000 MHz
Band Left
1.976500000 GHz
Band Right

00000 GHz

Band Span
Auto
Man

Mkr2 1.979 00 GHz ooz

Noise -140.6 dBm/Hz Peak
Search
Pk Search
Config
Properties.

Marker
Function

Marker—

Counter

Measure at
Marker

( Measure at
Marker Config

Span 52.88 MHz|
Sweep 2.07 ms (1001 pts

11Measure the
carrier-to-noise ratio
by making the Noise
Marker relative to the
carrier's Band Power
Marker.

Note the green “wings” of Marker 2 outlining the noise region to be included in the

measurement and the resulting noise power expressed in dBm/Hz as shown in the

Marker Results Block.

a. Select the Properties tab.

See Figure 7-10.

b. Tap Relative to and select Marker 1.
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Step Action Notes

Figure 7-10 Signal-to-Noise Measurement

Spectrum Analyzer 1
+ 3| et

KEYSIGHT |Input: RF Input Z: 50 Q Atten: 10 dB (e0)  Trig: Free Run PNO: Best Wide Avg Type: Pawer (RMS) m 234
NFE: Off

Select Mark
Q Coupling: AC Comections: Off Int Preamp: Off Gate: Off IF Gain: Low ect Marker

Ext Gain: 0.00 dB Freq Ref: Sense, Int LNP: Not Enabled Sig Track: Off w Marker 2
Align: Auto N N

Marker A Frequency 5
AMKr Settings
Spectrum AMkr2 j B-f'D MHz) |9 000000 MHz
Scale/Div 10 dB Ref Level -8.63 dBm Noise -129.7 dB/Hz Peak
Relative To Search
Marker 1 v
Pk Search

X Axis Scale

-wﬂ'\w‘rr i Hll] i 'IMWH . S

Function

Off

Marker Trace

Trace 1 A

Auto Initialize
On
Off

< Marker Settings

A1 Diagram
W
s

‘Center 1.96013 GHz Video BW 51 kHz™ Span 52.88 MHz
Res BW §10 kHz Sweep 2.07 ms (1001 pts

12Simultaneously a. Tap Select Marker and select
measure Marker 3.
carrier-to-noise on a b
second region of the
system by enabling c. Tap Band Function and select

another Noise Marker. Marker Noise.

d. Double tap Marker Frequency and
enter 1.941 GHz.

e. Double tap Band Span and enter
5 MHz.

Select the Properties tab.

. Select the Marker Function tab.

. Tap Relative to and select Marker 1.

13Enable the Marker
Table.

. Select the Settings tab. This enables you to view results
of both carrier-to-noise
measurements and all other
markers. See Figure 7-11.

o 9 | Q@

. Tap Marker Table and toggle it to
On.
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Step Action Notes

Figure 7-11 Multiple Signal-to Noise Measurements with a Marker Table

Spectrum Analyzer 1
Swept SA Q

KEYSIGHT |Input: RF Input Z: 50 Q Atten: 10 dB (e0)  Trig: Free Run PNO: Best Wide Avg Type: Power (RMS) m 234 [Select Marker
Q Coupling: AC Comections: Off Int Preamp: Off Gate: Off IF Gain: Low NFE: Off W
Exi Gain'000dB  [Freq Ref Sense, Int LNP: Not Enabled Sig Track: Off Marker 1
Align: Auto N N

Marker Frequency 5
~ Settings
Spectrum Mkr1 1.960 00 GHz| 1.960000000 GHz
Scale/Div 10 dB Ref Level -8.63 dBm Band Power - dBm

Peak
Marker Mode Search

1 Normal
WWWN‘!WWTWWW Contg
Delta (A)
Properties.

Fixed

Marker

Marker

Function
Off

Marker—
Delta Marker

'TWTM (Reset Delta) Counter

(Marker Table
[ On
Off

‘Center 1.96013 GHz Video BW 51 kHz™ Span 52.88 MHZ Marker Settings
Rec B! kHz Sweep 2.07 ms (1001 pts Diagram

| Marker Table v All Markers Off

MODE TRC | SCL X Y FUNCTION FUNCTION WIDTH FUNCTION VALUE Couple Markers
1 f 1.960 00 GHz -39.02 dBm| Band Power 20.00 MHz -11.12 dBm| g;;
f 19.00 MHz (A) -74.36 dB Noise 5.000 MHz (4) -129.1 dB/Hz|
f -19.00 MHz (A) -73.31dB Noise 5.000 MHz (4) -130.0 dB/Hz|
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Improving Phase Noise Measurements by Subtracting Signal Analyzer Noise

Making noise power measurements (such as phase noise) near the noise floor
of the signal analyzer can be challenging, where every dB improvement is
important. Using the analyzer trace math function Power Diff and three
separate traces, you can measure the DUT phase noise in one trace, the
analyzer noise floor in a second trace, and in the third trace view the DUT
phase noise with the analyzer noise removed.

In this procedure, a signal generator is used instead of a DUT. In practice, a
DUT would be connected to the analyzer’s input.

Step Action Notes
1 Set up the signal a. Setup an unmodulated signal.
generator.

b. Set the source frequency to 1.96 GHz.
c. Set the source amplitude to -30 dBm.

2 Connect the source RF OUTPUT to the analyzer RF INPUT as shown.

i
!
{
|
f

@0000

B0000
00®
20
BoE
o0E
ceg
oEe!
ooo
GO0
gBw
80D

= RF Output

DDODO 2
@000

Signal Generator

N BT 04 bt b o e i o

RF Input

Signal Analyzer

3 Enable the signal a. Switch the signal generator output On.
generator output.

4 Preset the analyzer. a. Press the Mode Preset key. The default Mode and
Measurement of the
analyzer is Spectrum
Analyzer and Swept SA. If
necessary, you can verify
(and select) the mode by
pressing the MODE/MEAS
key.
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Step

Action

Notes

Mode Preset does not preset all settings in the analyzer. For a

more complete preset, tap Restore Mode Defaults and
Input/Output Preset in the Preset menu.

5 Tune to the signal. a. Press the FREQ key.
b. In the menu panel, tap Auto Tune.
6 Tune to the signal, a. Double tap Span and enter 5 kHz.
adjust the span, RBW P the BW k
and Ref Level. b. Press the &
c. In the menu panel, double tap Res BW
and enter 10 Hz.
d. Press the AMPTD key.
e. In the menu panel, double tap Ref
Level and enter -15 dBm.
f. Double tap Scale/Div and enter 15 dB.
7 Measure and store the  a. Press the Trace key. See Figure 7-12.

signal generator’s
phase noise plus the
analyzer noise.

b. Tap Select Trace and select Trace 1.

. In Trace Type selection list, check

Trace Average.

. Let the analyzer run a few seconds in

order to get an accurate average

. In the View/Blank selection list, check

View.
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Step Action Notes

Figure 7-12 Measurement of Signal Generator and Analyzer Noise

Spectrum Analyzer 1
Swept SA d +

KEYSIGHT _ |input: RF
Q Coupling: AC

Input Z: 50 O
Comections: Off

Align: Auto

Spectrum
Scale/Div 15 dB

Center 1.960000000 GHz

Atten: 6 dB
Int Preamp: Off Gate: Off
Ext Gain: 0.00 dB Freq Ref: Sense, Int LNP: Not Enabled

Lo

Trig: Free Run Select Trace

PNO: Balanced Avg Type: Log-Power 2 4
IF Gain: Auto NFE: Off

Sig Track: Off A Trace 1

T T
Mkr1 1.959 999 982 GHZ|| =

-31.35 dBm||, Sleartitie

Ref Level -15.00 dBm
Detector
Trace Average

‘ 1 Math

i Max Hold

Trace
Min Hold Function

Restart Averaging

View/Blank

Active

View

Blank
Background

Trace Settings
Table

Video BW 10 Hz

8 Measure the analyzer
noise using trace 2
(blue trace) with trace
averaging.
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. Turn off the signal generator’s output

See Figure 7-13.
to (or remove the DUT from) the RF
input of the analyzer.

. Tap Select Trace and select Trace 2.
c. Tap Clear and Write.
d. In Trace Type selection list, check

Trace Average.

. Let the analyzer run a few seconds in

order to get an accurate average

In View/Blank selection list, check
View.
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Step

Action

Notes

Figure 7-13

Spectrum Analyzer 1
Swept SA d +
KEYSIGHT  |input: RF
Q Coupling: AC
Ext Gain: 0.00 dB

Input Z: 50 O

Align: Auto

Spectrum
Scale/Div 15 dB

e CNSLER PRI NP Y NP, SO, ot

Center 1.960000000 GHz

l’ Sep 08, 2|

11:58:46 AM

Comections: Off
Freq Ref: Sense, Int LNP: Not Enabled

Atten: 6 dB
Int Preamp: Off

Measurement of Analyzer Noise

Trig: Free Run

PNO: Balanced Avg Type: Log-Power
Gate: Off FE: Off

IF Gain: Auto NI
Sig Track: Off

Mkr1 1.959 999 982 GHz
-31.35 dBm

Ref Level -15.00 dBm

‘1

Video BW 10 Hz

Lo

Select Trace
Trace 2

Trace Type

Clear / White

Detector
Trace Average

Math
Max Hold

Trace

Min Hold Function

Restart Averaging

View/Blank
Active

View
Blank
Background

Trace Settings
Table

9 Subtract the noise
from the signal
generator (or DUT)
noise measurement
using the Power Diff
math function.

. Turn on or connect the DUT signal to

the RF input of the analyzer.

b. Tap Select Trace and select Trace 1.

@ - o0 o

. In View/Blank selection list, check

Active.

. Tap Select Trace and select Trace 3.
. Tap Clear and Write.

Select Math tab.

. Tap Math Function and select Power

Difference.

. Tap Operand 1 and select Trace 1.

Tap Operand 2 and select Trace 2.

Notice the phase noise
improvement at 1 kHz offset
between trace 1 (yellow
trace) and trace 3 (magenta
trace).

See Figure 7-14.
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Step Action

Notes

Figure 7-14 Improved Phase Noise Measurement

Spectrum Analyzer 1
Swept SA d +
KEYSIGHT  |input: RF
Q Coupling: AC
Ext Gain: 0.00 dB

Input Z: 50 O Atten: 6 dB
Cormections: Off Int Preamp: Off
Freq Ref: Sense, Int LNP: Not Enabled
Align: Auto

Trig: Free Run
Gate: Off

PNO: Balanced
IF Gain: Auto
Sig Track: Off

Spectrum

Scale/Div 13 dB Ref Level -15.00 dBm
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Measuring Noise
Improving Phase Noise Measurements by Subtracting Signal Analyzer Noise

Step

Action

Notes

10Measure the
improvement in noise
measurement with
delta Noise markers
between traces.

a. Press the Marker key.
b. Tap Select Marker and select Marker 1.
. In Marker Mode selection list, check

Normal.

. Select the Properties tab.
. Tap Marker Trace and select Trace 1.
. Drag Marker 1 (green diamond) on the

display to approximately 900 Hz offset
from the carrier on trace 1.

. Tap Select Marker and select Marker 2.
. Tap Marker Trace and select Trace 3.

i. Tap Relative To and select Marker 1.

j. Select the Settings tab.

. In the Marker Mode selection list,

check Delta.

. Drag Marker 2 (green diamond) on the

display to approximately 900 Hz offset
from the carrier on trace 3.

m.Select the Marker Function tab.
n. Tap Select Marker and select Marker 1.
o. Tap Band Function and select Marker

Noise.

p. Tap Select Marker and select Marker 2.
g. Tap Band Function and select Marker

Noise.

Note around 2 dB
improvement in the Marker
results. See Figure 7-15.
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Step Action Notes
Figure 7-15 Improved Phase Noise Measurement with Delta Noise Markers
e =
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8  Making Time-Gated Measurements

Traditional frequency-domain spectrum analysis provides only limited
information for certain signals. Examples of signals that can be challenging to
analyze include the following:

— Pulsed-RF

— Time multiplexed

— Interleaved or intermittent

— Time domain multiple access (TDMA) radio formats
— Modulated burst

This chapter presents several time gating measurement examples using
simple, frequency-modulated, pulsed-RF signals. The goal is to view the
spectrum of the FM carrier as if it were continually on, rather than pulsed. This
reveals low-level modulation components that are hidden by the pulse
spectrum.

KEYSIGHT

TECHNOLOGIES
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Viewing a Pulsed-RF FM Signal

This section describes how to perform the Gated LO Measurement, (page 128),
Gated Video Measurement, (page 132), and the Gated FFT Measurement
(page 136) using a pulsed FM signal from a signal generator.

When performing these measurements, you can use your Keysight X-Series
signal analyzer (using Gate View) or a digitizing oscilloscope to set up the
gated signal.

To set up a digitizing oscilloscope to view the trigger, gate and RF signals, see
Digitizing Oscilloscope Setup, on page 123.

Use the first three steps below to set up the signal generator to output a
pulsed FM signal.

Step Action Notes

1 Connect the signal
generator output to
the signal analyzer
input.

. Set FM mode to ON.

. Set the frequency to 40 MHz.
. Set the FM deviation to 1 kHz.
. Set the FM rate to 50 kHz.

. Set the amplitude to 0 dBm.

2 Set up the signal
generator to output
an FM signal.

O o O T 9

3 Set up the signal
generator to pulse
the FM signal, and
turn ON the output.

. Set the pulse mode to ON.

. Set the pulse period to 5 ms.

. Set the pulse width to 4 ms.

. Turn the modulation (Mod) ON.
. Turn the RF output ON.

® o O T o

4 Preset the analyzer. a. Press the Mode Preset key. The default Mode and
Measurement of the analyzer is
Spectrum Analyzer and Swept
SA. If necessary, you can verify
(and select) the mode by pressing
the MODE/MEAS key.

Mode Preset does not preset all settings in the analyzer. For a more
complete preset, tap Restore Mode Defaults and Input/Output Preset
in the Preset menu.
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5 Set the center

frequency and span.

a. Press the FREQ key.
b. In the menu panel, double tap Center

Frequency and enter 40 MHz.

. Double tap Span and enter 500 kHz.

6 Set the analyzer
reference level.

a. Press the AMPTD key.

b. In the menu panel, double tap Ref

Level and enter 5.4 dBm.

7 Set the analyzer
BW.

a. Press the BW key.
b. In the menu panel, double tap Res

BW and enter 100 kHz.

8 Set the gate source
to the rear external
trigger input.

a. Press the Trigger key.
b. In the menu panel, select the Gate

Source tab.

. Tap Select Gate Source and select RF

Burst.

9 Enable Gate View
and set gate sweep
time.

a. Select the Gate Settings tab.
b. Toggle Gate View to On.
. Double tap Gate View Sweep Time

and enter 10 ms.

10Set the gate delay
and gate length so
that the gate will
open during the
middle third of the
pulse.

. Double tap Gate Delay and enter 1.33

ms.

. Double tap Gate Length and enter

1.33 ms.

. Toggle Control to Edge.

This example uses a gate delay of
approximately 1.33 ms and a gate
length of approximately 1.33 ms.

Also, check that the gate trigger

is set to edge.

See Figure 8-1.
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Figure 8-1 Gated RF Signal

Atten: 16 dB Trig: RF Burst PHO: Balanced  Avg Type: Log Power |1
Int Praamp: Off Gater Off IF Gain: Low NFE: Off =
Sense, Im LNP: Not Enabled Sig Track: O "

Spectrum
Scale/Div 10 dB Ref Level 5.40 dBm

ik

Center 40.000000 MHz
Res BW 100 kHz

11Set the RBW to a. Toggle Gate View to Off. See Figure 8-2.
auto, gate view to b. P the BW k
off, gate method to - rressthe °y:
LO, and gate viewto  C- Tap Res BW and toggle to Auto.
on. d. Press the Trigger key.
e. In the menu panel, select Gate

Settings tab.
Tap Gate Method and select LO.
g. Toggle Gate View to On.

—h
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Figure 8-2
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Gated RF Signal with Auto RBW

Input Z: 50 O Atten: 16 dB PNO: Balanced
Corrections: Off Preamp: Off Gate: Off

Freq Ref: Sense, IntLNP: Not Enabled |IF Gain: Low
NFE: Off Source: Off Sig Track: Off

Ref Level 5.40 dBm

Sep 09, 2015 |
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Gate
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Off

Trigger
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Control
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Level
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Auto
Man
Gate View Sweep
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0.000s
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L

If you are using a digitizing oscillascope, set up the oscilloscope to view the

trigger, gate and RF signals as follows (see Figure 8-3 for an example of the
oscilloscope display):

Timebase 1 ms/div

Channel 1 ON, 2 V/div, OFFSET =2V, DC coupled, 1 M € input, connect to
the pulse signal (ESG LE OUTPUT or pulse generator
OUTPUT). Adjust channel 1 settings as necessary.

Channel 2 ON, 500 mV/div, OFFSET = 2 V, DC coupled, 1 M Q input,
connect to the signal analyzer TRIGGER 2 OUT connector.
Adjust channel 2 settings as needed when gate is active.

Channel 3 ON, 500 mV/div, OFFSET = 0 V, Timebase = 20 ns/div, DC
coupled, 50 Q input, connect to the ESG RF OUTPUT
pulsed-RF signal. Adjust channel 3 settings as necessary.

Channel 4 OFF

Trigger Edge, channel 1, level = 1.5 V, or as needed
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Figure 8-3 Viewing the Gate Timing with an Oscilloscope

File  Cantrol Utilities 12:35 PM

Help

Setup  Measure  Analyze

Figure 8-3 oscilloscope channels:

1. Channel 1 (yellow trace) - the trigger signal.

2. Channel 2 (green trace) - the gate signal (gate signal is not active until the
gate is on in the spectrum analyzer).

3. Channel 3 (purple) - the RF output of the signal generator.
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Connecting Instruments to Make Time-Gated Measurements

Figure 8-4

Figure 8-5

Figure 8-4 shows a test setup to create a pulsed FM signal, where you can view
the signal spectra on a signal analyzer, and the timing signals on an
oscilloscope. This setup is helpful when making gated measurements on
unknown signals. Signal generator #2 provides a pulse signal from its LF
Output to the EXT 2 INPUT of signal generator #1, and provides the trigger for
the oscilloscope (if used), and analyzer. The oscilloscope is useful for
illustrating timing interactions between the trigger signal and the gate. The
Gate View feature of the analyzer could be used in place of the oscilloscope.

If an oscilloscope is not available, use the setup shown in Figure 8-5. Begin by
using the Gate View feature to set up the gate parameters and then turn Gate
View Off to view the signal spectra.

Instrument Connection Diagram with Oscilloscope
INFINIIUM OSCILLOSCOPE

SIGNAL GENERATOR #2
- N

SIGNAL
TRIGGER 1| ANALYZER |TRIGGER 2
IN

& —

EXT 2 INPUT

Pulsed
FM Signal BNCTEE

mxa-gate-setup-o'scope

Instrument Connection Diagram without Oscilloscope

SPECTRUM
ANALYZER
SIGNAL GENERATOR #2 TRIGOER T 3 N
< 2 coooon
S (9 BaFe Joutput g8
o BB EEH o O e emenn| (0 958

RF Input

Pulsed FM Signal
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Table 8-1

Table 8-2
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Signal source setup

Step 1. Set up signal generator #2 (the pulse source).

This procedure demonstrates how to create a pulse signal using a Keysight
signal source that has an LF Out port. However, any signal source can be used
if it can deliver a pulse with the specifications shown in Table 8-1.

Use Table 8-1 if you are using a generic pulse generator.

Use Table 8-2 if you are using a signal generator with an LF Out Port, such as
a Keysight signal generator.

Step 2.

Generic Pulse Generator

Period 5 ms (or pulse frequency equal to 200 Hz)

Pulse width 4ms

High output level 25V

Waveform pulse

Low output level =25V

Delay 0 or minimum
Keysight Signal Generator With LF Out Port

LF Out Source FuncGen

LF Out Waveform Pulse

LF Out Period 5ms

LF Out Width (pulse width) 4ms

LF Out Amplitude 2.5Vp

LF Out On

RF On/Off Off

Mod On/Off On

Set up signal generator #1 (the pulsed-FM signal source).

Signal generator #1 generates the pulsed FM signal. The pulse signal created
in step 1 is connected to the EXT 2 INPUT on the front of signal generator
#1. Signal generator #1 provides the pulsed-FM signal that is analyzed by the
spectrum analyzer. See Table 8-3 for setting up signal generator #1.



Table 8-3

Making Time-Gated Measurements

Connecting Instruments to Make Time-Gated Measurements

Signal Generator #1 Instrument Settings

Frequency 40 MHz
Amplitude 0 dBm
Pulse On
Pulse Source Ext2 DC
FM On

FM Path 1

FM Dev 1 kHz
FM Source Internal
FM Rate 50 kHz
RF On/Off On

Mod On/Off On
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Gated LO Measurement

This procedure uses gated LO to gate an FM signal. Refer to the following to

set up this procedure:

“Viewing a Pulsed-RF FM Signal” on page 120

“Connecting Instruments to Make Time-Gated Measurements” on page 125

For concept and theory information about gated LO, see “How Time Gating
Works” on page 203.

Step

Action

Notes

1 Preset the analyzer.

a.

The default Mode and
Measurement of the analyzer is
Spectrum Analyzer and Swept
SA. If necessary, you can verify
(and select) the mode by
pressing the MODE/MEAS key.

Press the Mode Preset key.

Set the center
frequency and span.

Mode Preset does not preset all settings in the analyzer. For a more
complete preset, tap Restore Mode Defaults and Input/Output
Preset in the Preset menu.

a. Press the FREQ key.

. In the menu panel, double tap

Center Frequency and enter 40
MHz.

. Double tap Span and enter 500 kHz.

Set the analyzer
reference level.

a. Press the AMPTD key.
b. In the menu panel, double tap Ref

Level and enter 10 dBm.

Set the gate source to  a. Press the Trigger key.
the rear external b. In the menu panel, select Gate
trigger input. Source tab.

c. Tap Select Gate Source and select
External 1.
Set the gate delay, a. Select the Gate Settings tab.
gate len.gth, gate b. Double tap Gate Delay and enter 2
sweep time, and gate ms
trigger. '
c. Double tap Gate Length and enter 1
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ms.

. Double tap Gate View Sweep Time

and enter 5 ms.

. Toggle Control to Edge.
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Step Action Notes
6 Access the analyzer a. Toggle Gate View to On. Use this function to confirm the
gate view display. gate “on” time during the RF

burst interval. Alternatively, you
could use the oscilloscope to
view the gate settings.

See Figure 8-6.

Figure 8-6 Viewing the Gate Settings with Gated LO

Spectrum Analyzer 1 Y Spectrum Analyzer 2 +
Swept SA Channel Power

KEYSIGHT |Input: RF Input Z: 50 Q Atten: 16 dB PNO: Balanced Avg Type: Log-Power 2

Q Coupling: AC Corrections: Off Preamp: Off Gate: Off Trig: Free Run Gate

Align: Off Freq Ref: Sense, IntLNP: Not Enabled  IF Gain: Low On
NFE: Off Source: Off Sig Track: Off NNNNNN Off

Gate
Gate View Source

)]
Scale/Div 10 dB Ref Level 5.40 dBm gg

Gate Delay Periodic
1.3300 ms Sync Src
Gate Length Auto/
Holdoff
13300 ms o
Gate Method
LC v

Control
Edge

Level

Spectrum

Gate Holdoff
3.795 ms

Auto

Man
Gate View Sweep
Time
5.0000 ms

Gate View Start Time
0.000 s

Center 40.000000 MHz Span 0 Hz
Res BW 4.7 kHz Gate View Sweep Time 5.0000 ms|

all Sep 14, 2015 wa| R (OO %~
R M| ? s ia W) 00 X

The blue vertical line (the far left line outside of the RF envelope) represents the location equivalent to a zero gate delay.

The vertical green parallel bars represent the gate settings. The first (left) bar (GATE START) is set at the delay time while the
second (right) bar (GATE STOP) is set at the gate length, measured from the first bar. The trace of the signal in this
time-domain view is the RF envelope. The gate signal is triggered off of the positive edge of the trigger signal.

When positioning the gate, a good starting point is to have it extend from 20% to 80% of the way through the pulse.

While gate view mode is on, move the gate delay, length and polarity around. Notice the changes in the vertical gate bars
while making your changes. Set the gate delay, length and polarity back to the step 3 settings.

The analyzer time gate triggering mode uses positive edge, negative edge,
and level triggering.

7 Turn the gate view off.  a. Toggle Gate View to Off. See Figure 8-7.
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Action Notes

Figure 8-7

Spectrum Analyzer 1
Swept SA
KEYSIGHT lnpuli‘ RF "
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Pulsed RF FM Signal
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Cormections: Off  |Preamp: Off Gate: Off
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Gate Delay
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Control
Edge
Level
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Man
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[
%]

The moving signals are a result of the pulsed signal. Using time gating, these signals well be blocked out, leaving the original
FM signal.

8 Enable the gate
settings.

a. Toggle Gate to On. See Figure 8-8.
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Step Action

Notes

Figure 8-8 Pulsed and Gated Signal

Swept SA
KEYSIGHT Input: RF Input Z: 50 0 Atten: 16 dB Trig: RF Burst PHO: Balanced  Avg Type: Log Power |1

[r] Coupling: AC Cai off Int Praamp: Off Gater LO IF Gain: Low NFE: Off =
Ext Gainc 000dB  Fre nse, Il LNP. Not Enabled Sig Track: O "
e

L

Spectrum
Scale/Div 12 dB Ref Level 5.00 dBm

] I |
Contor 40,0000 MHz ) ) Video BW 4.7 kHz
Res BW 4.7 kHz

9 Turn off the pulse a. Toggle Pulse to Off.
modulation of the FM
signal on signal
generator #1.

Notice that the gated spectrumis
much cleaner than the ungated
spectrum (as seen in the
Pulsed-RF FM Signal above).
The displayed spectrum with the
gate on is the same as an
unpulsed FM signal. The
displayed spectrum does not
change and in bath cases, you
can see the two low-level
modulation sidebands caused by
the narrow-band FM.
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Gated Video Measurement

This procedure utilizes gated video to gate the FM signal. Refer to the following
to setup for this procedure:

“Viewing a Pulsed-RF FM Signal” on page 120
“Connecting Instruments to Make Time-Gated Measurements” on page 125

For concept and theory information about gated video see “How Time Gating
Works” on page 203.

Step Action Notes

1 Preset the analyzer. a. Press the Mode Preset key. The default Mode and
Measurement of the analyzer
is Spectrum Analyzer and
Swept SA. If necessary, you
can verify (and select) the
mode by pressing the
MODE/MEAS key.

Mode Preset does not preset all settings in the analyzer. For a
more complete preset, tap Restore Mode Defaults and
Input/Output Preset in the Preset menu.

2 Setthe center frequency a. Press the FREQ key.

and span. b. In the menu panel, double tap Center
Frequency and enter 40 MHz.
c. Double tap Span and enter 500 kHz.
3 Set the analyzer a. Press the AMPTD key.
reference level. b. In the menu panel, double tap Ref

Level and enter 10 dBm.

4 Set the gate source to a. Press the SWEEP key.

the rear external trigger 1, |, the menu panel, select the Sweep
Input. Config tab.

c. Double tap Points and enter 401.
d. Select Sweep Control tab.
e. Double tap Sweep Time and enter

2000 ms.
5 Set analyzer points to a. Select Sweep Config tab, Double tap
401 and sweep time to Points and enter 401.
2000 ms. b. Select Sweep Control tab. Double

tap Sweep Time and enter 2000 ms.
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Step Action Notes

For gated video, the calculated sweep time should be set to at least (# sweep points —1) x PRI (pulse repetition interval) to
ensure that the gate is on at least once during each of the 407 sweep points. In this example, the PRI is b ms, so you should
set the sweep time to 401 minus 1 times 5 ms, or 2 s. If the sweep time is set toa fast, some trace paints may show values of
zero power or ather incorrect low readings. If the trace seems incomplete or erratic, try a longer sweep time.

Good practices for determining the minimum sweep time for gated
video:

In the event that the signal is not noisy, the sweep time can be set to less than

(# sweep points —1) x PRI (pulse repetition interval) (as calculated above). Instead
of using PRI in the previous sweep time calculation, we can use the “gate off time”
where sweep time equals (# sweep points — 1) x gate off time . (Gate off time is
defined as PRI—GL , where GL = Gate Length.) In our example we could use a sweep
time of 400 points times 1 ms or 400 ms - (401 —1) x (5ms —4ms) = 400ms .
Increase the video bandwidth to improve the probability of capturing the pulse using
“gate off time”. If trace points are still showing values of zero power, increase the
sweep time by small increments until there are no more dropouts.

6 Set the Gate source to a. Press the Trigger key. See Figure 8-9.

the external trigger input b. Select the Gate Source tab.
on the rear panel:

c. Tap Select Gate Source and select
External 1.

Figure 8-9 Viewing a Pulsed RF FM Signal Without Gating

KEYSIGHT Atten: g urst lhog Type: Log-Power | 1]
\ = C o Gale: Off NFE: Off T
L .

Spectrum

Scale/Div 10 dB Ref Level 0.00 dBm
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Step Action Notes

7 Set the gate delay and a. Select Gate Settings, Toggle Control  Ensure that the gate control
gate length. to Edge. is set to Edge.

b. Double tap Gate Delay and enter 2
ms.

c. Double tap Gate Length and enter 1
ms.

8 Turn the gate on. a. Tap Gate Method and select Video. See Figure 8-10.
b. Toggle Gate to On.

Figure 8-10 Viewing a Pulsed RF FM Signal Using Gated Video

Spectrum Analyzer 1 iShsaylgEhELZE 0 +
Swept SA Channel Power

KEYSIGHT |nput: RF Input Z: 50 Atten: 20 dB PNO: Balanced Avg Type: Log-Power 2
@ Coupling: AC Corrections: Off Preamp: Off Gate: Video Trig: Free Run Trigger
Align: Off Freq Ref: Sense, IntLNP: Not Enabled IF Gain: Low
NFE: Off Source: Off Sig Track: Off Gate
Spectrum SrEe

Scale/Div 10 dB Ref Level 10.00 dBm

Periodic
Sync Src

Autof
Holdoff

Gate Holdoff
0.000 s

Auto

Man
Gate View Sweep
Time
7.5200 ms

Gate View Start Time
0.000 5

Center 40.0000 MHz Video BW 4.7 kHz Span 500.0 kHz,
Res BW 4.7 kHz #Sweep 2.00 s (401 pts)

1| Sep 14, 2015 | 7 wa [} OO0 =
@9 ? 306:22 PM | 5 nan Lvél 00 [# %

Notice that the gated spectrum is much cleaner than the ungated spectrum (Figure 8-9). The displayed spectrum is the
same as an FM signal without pulsing. To prove this, turn off pulse modulation of the FM signal on signal generator #1 by
toggling Pulse to Off. The displayed spectrum does not change.

If you have used an oscilloscope, check the oscilloscope display and ensure that the gate is positioned under the pulse. The
gate should be set so that it is on somewhere between 20% to 80% of the pulse. If necessary, adjust gate length and gate
delay. Figure 8-11 shows the oscilloscope display when the gate is positioned correctly (the bottom trace).
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Step Action Notes
Figure 8-11 The Oscilloscope Display
File Contral Setup  Measure  Analvze  Ulities  Help 12:36 Ph

T gelza miE
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Gated FFT Measurement

This procedure utilizes gated FFT to gate the FM signal. Refer to the following
to setup this procedure:

“Viewing a Pulsed-RF FM Signal” on page 120
“Connecting Instruments to Make Time-Gated Measurements” on page 125

For concept and theory information about gated FFT see “How Time Gating
Works” on page 203.

Step Action Notes

1

Preset the analyzer. a. Press the Mode Preset key. The default Mode and
Measurement of the analyzer is
Spectrum Analyzer and Swept SA.
If necessary, you can verify (and
select) the mode by pressing the
MODE/MEAS key.

Mode Preset does not preset all settings in the analyzer. For a more
complete preset, tap Restore Mode Defaults and Input/Output
Preset in the Preset menu.

2 Set the center a. Press the FREQ key.
frequency and span. |, the menu panel, double tap
Center Frequency and enter 40
MHz.
c. Double tap Span and enter 500 kHz.
3 Set the analyzer a. Press the AMPTD key.
reference level. b. In the menu panel, double tap Ref
Level and enter 10 dBm.
4 Set the Gate source a. Press the Trigger key.
to the external b. In the menu panel, select the Gate
trigger input on the Source tab and Select External 1.
rear panel.
5 Set the gate method  a. Select the Gate Settings tab.
and turn gate on. b. Tap Gate Method and select FFT.
c. Toggle Gate to On.
6 Select the minimum  a. Press the BW key. See Figure 8-12.
resolutionbandwidth | the menu panel, tap Res BW and
required. toggle to Auto.
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Step Action Notes

Figure 8-12 Viewing the Gated FFT Measurement results

Trig: RF Burst PHO nced ltueg Type: Log-Power |T
Gain: Auto NFE: Off r

O ntPreamp Of  Gate FFT
nse, I LNP: Not Enabied Sig Track. O

Spectrum

Scale/Div 12 dB Ref Level 10.00 dBm

Video BW 4.7 kHz

RBW determines the duration of the analysis. Divide 1.83 by 4 ms to calculate the minimum RBW. The pulse width in our

case is 4 ms so we need a minimum RBW of 458 Hz. In this case the RBW is narrow, so let the analyzer choose the RBW for

the current analyzer settings (span). Check that the RBW is greater than 458 Hz. Vary the RBW settings and note that the

signal changes shape as the RBW transitions from 1 kHz to 300 Hz.

If the trigger event needs to be delayed use the Trig Delay function under the
Trigger menu. Apply some small amount of trigger delay to allow time for the device

under test to settle.
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9 Measuring Digital Communications Signals

The signal analyzer makes power measurements on digital communication
signals fast and repeatable by providing a comprehensive suite of
power-based, one-button automated measurements with preset
standards-based format setups. The automated measurements also include
pass/fail functionality, further increasing test throughput.

This chapter provides examples of the following measurements:
— Making Channel Power Measurements

— Making Occupied Bandwidth Measurements

— Making Adjacent Channel Power (ACP) Measurements

— Making Statistical Power Measurements (CCDF)

— Making Burst Power Measurements

— Making Spurious Emissions Measurements

— Making Spectrum Emission Mask Measurements

— Making List Sweep Measurements

KEYSIGHT

TECHNOLOGIES
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Making Channel Power Measurements

This section describes how to make a channel power measurement on a
W-CDMA (3GPP) mobile station. A signal generator is used to simulate a
station. This test measures the total RF power present in the channel. The
results are displayed graphically as well as in total power (dB) and power
spectral density (dBm/Hz).

Step Action Notes
1 Set up the signal a. Setthe mode to W-CDMA.
generator. b. Set the frequency to 1.920 GHz.

c. Set the amplitude to —20 dBm.

2 Connect the source RF OUTPUT to the analyzer RF INPUT as shown.
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3 Preset the analyzer. a. Press the Mode Preset key.

Mode Preset does not preset all settings in the analyzer. For a
more complete preset, tap Restore Mode Defaults and
Input/Output Preset in the Preset menu.
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Step Action Notes
4 Select the a. Press the MODE/MEAS key. The default Mode and
Measurement. Measurement of the analyzer

b. Select Spectrum Analyzer in the
Mode column.

c. Select Channel Power in the
Measurement column.

d. Tap OK at the bottom of the display.

is Spectrum Analyzer and
Swept SA. If necessary, you
can verify (and select) the
mode by pressing the
MODE/MEAS key.

5 Set the radio standard  a. Press the MEAS SETUP key.
and type of station. b

. In the menu panel, select the Meas

Standard tab.

. Tap Radio Std Presets and select

Cellular, 3GPP W-CDMA, MS in the
table.

. Tap OK at the bottom of the display.

6 Set the center a. Press the FREQ key.
frequency. b

Frequency and enter 1.92 GHz.

. In the menu panel, double tap Center

The channel power
measurement result should
look like Figure 9-1.
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Step Action Notes

Figure 9-1 Channel Power Measurement Result.

Spectrum Analyzer 1
Channel Power v +

KEYSIGHT |Input: RF Input Z: 50 Q Atten: 10 dB Trig: Free Run #PNO: Fast Center Freq: 1.920000000 GHz
L Q Coupling: AC Comections: Off Int Preamp: Off Gate: Off #IF Gain: Low Avg|Hold:>101 0D
Ext Gain: 0.00 dB Freq Ref: Sense, Int LNP: Not Enabled NFE: Off Radic Std: WCDMA, BTS
Align: Auto
Graph

Scale/Div 10.0 dB Ref Value -30.00 dBm
CF Step

750.000 kHz
Auto

[Center 1.92 GHz Video BW 2.4000 MHz*
#Res BW 240.00 kHz

Total Channel Power -20.89 dBm / 5.00 MHz

Total Power Spectral Density -87.88 dBm/Hz

The graph window and the text window showing the absolute power and its mean power spectral density values over 5 MHz
are displayed.

To change the measurement parameters from their default condition, press the MEAS SETUP key.
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Making Occupied Bandwidth Measurements

This section explains how to measure the occupied bandwidth on a W-CDMA
(3GPP) mobile station. A signal generator is used to simulate the station. The
instrument measures power across the band, and then calculates its 99.0%

power bandwidth.

Step Action Notes
1 Set up the signal a. Set the mode to W-CDMA.
generator. b. Set the frequency to 1.920 GHz.
c. Set the amplitude to —20 dBm.
2 Connect the source RF OUTPUT to the analyzer RF INPUT as shown.
1 Comrms o 8 35323288888ES
< =Rttt
[ e e 8 5557@”'§‘5P§§9_—_ RF Output
 —e— \

Signal Generator
*-* = L = ".I
= == = ; \_ a=
=
= e ¢ nioinl -
— RF Input

Signal Analyzer

3 Preset the analyzer.

a. Press the Mode Preset key.

4 Select the
Measurement.

Mode Preset does not preset all settings in the analyzer. For a more

complete preset, tap Restore Mode Defaults
Preset in the Preset menu.

a. Press the MODE/MEAS key.

b. Select Spectrum Analyzer in the Mode
column.

c. Select Occupied BW in the
Measurement column.

d. Tap OK at the bottom of the display.

and Input/Output

The default Mode and
Measurement of the analyzer
is Spectrum Analyzer and
Swept SA. If necessary, you
can verify (and select) the
made by pressing the
MODE/MEAS key.
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Step Action

Notes

5 Set the radio a.
standard and type of
station.

O

Press the MEAS SETUP key.

. In the menu panel, select the Meas

Standard tab.

. Tap Radio Std Presets and select

Cellular, 3GPP W-CDMA, MS in the

table.

. Tap OK at the bottom of the display.

6 Set the center a.
frequency. b

Press the FREQ key.

. In the menu panel, double tap Center

Frequency and enter 1.92 GHz.

The occupied BW

measurement result should
look like Figure 9-2.

Figure 9-2 Occupied BW Measurement Result

Spectrum Analyzer 1
Occupied BW J |+

KEYSIGHT |Input: RF Input Z: 50 O Atten: 10 dB

L Q Coupling: AC Cormections: Off Int Preamp: Off Gate: Off
Ext Gain: 0.00 dB Freq Ref: Sense, Int LNP: Not Enabled
Aign: Auto

Graph
Scale/Div 10.0 dB

Occupied Bandwidth
4.1660 MHz

Transmit Freq Error 1.334 kHz
x dB Bandwidth 4.676 MHz

RO ? Vew®

Troubleshooting hin

Ref Value -20.00 dBm

Video BW 300.00 kHz*

ts

Trig: Free Run

#IF Gain: Low
NFE: Off

Total Power

OBW Power
x dB

Center Freq: 1.920000000 GHz
Avg|Hold:>10/10
Radio Std: WCDMA, BTS

-20.9 dBm

99.00 %
-26.00 dB

ﬁ Frequency

Center Frequency Seftings
1.920000000 GHz

Span
10.000 MHz
CF Step
1.000000 MHz
Auto
Man
Freq Offset
0Hz

Any distortion such as harmonics or intermodulation produces undesirable
power outside the specified bandwidth.

Shoulders on either side of the spectrum shape indicate spectral regrowth and
intermodulation. Rounding or sloping of the top shape can indicate filter shape

problems.
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Making Adjacent Channel Power (ACP) Measurements

Step

The adjacent channel power (ACP) measurement is also referred to as the
adjacent channel power ratio (ACPR) and adjacent channel leakage ratio
(ACLR). In this document, the term ACP is used.

ACP measures the total power (rms voltage) in the specified channel and up to
six pairs of offset frequencies (channels). The measurement result reports the
ratios of the offset (channel) powers to the main channel power.

The following example shows how to make an ACP measurement on a
W-CDMA base station signal broadcasting at 1.96 GHz. A signal generator is
used to simulate the station.

Action Notes

1 Set up the signal a. Set the mode to W-CDMA.

generator.

b. Set the frequency to 1.920 GHz.
c. Set the amplitude to —10 dBm.

2 Connect the source RF OUTPUT to the analyzer RF INPUT as shown.
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RF Input

Signal Analyzer

3 Preset the analyzer. a. Pressthe Mode Preset key.

Mode Preset does not preset all settings in the analyzer. For a more
complete preset, tap Restore Mode Defaults and Input/Output Preset
in the Preset menu.
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Step

Action

Notes

4 Select the
Measurement.

a. Press the MODE/MEAS key.
b. Select Spectrum Analyzer in the Mode

column.

c. Select ACP in the Measurement column.
d. Tap OK at the bottom of the display.

The default Mode and
Measurement of the analyzer
is Spectrum Analyzer and
Swept SA. If necessary, you
can verify (and select) the
mode by pressing the
MODE/MEAS key.

5 Set the radio
standard and type
of station.

a. Press the MEAS SETUP key.

. In the menu panel, select the Meas

Standard tab.

. Tap Radio Std Presets and select

Cellular, 3GPP W-CDMA, BTS in the
table.

. Tap OK at the bottom of the display.

6 Set the center
frequency.

a. Press the FREQ key.

. In the menu panel, double tap Center

Frequency and enter 1.92 GHz.

The ACP measurement result
should look like Figure 9-3.

7 Optimize the

attenuation setting.

a. Press the AMPTD key.

. In the menu panel, select the

Attenuation tab.

. Tap Adjust Atten for Min Clipping.

Adjust Atten for Min Clipping
protects against input signal
overloads, but does not
necessarily set the input
attenuation and reference
level for optimum
measurement dynamic range.

To improve the measurement
repeatability, increase the
sweep time to smoath out the
trace (average detector must
be selected). Measurement
repeatability can be traded off
with sweep time.

8 Toincrease
dynamic range,
Noise Correction
can be used to
factor out the
added power of the
noise floor effects.

146

a. Press the MEAS SETUP key.

. In the menu panel, select the Advanced

tab.

c. Toggle Noise Correction to On.
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Step

Action

Notes

Figure 9-3

Spectrum Analyzer 1
ACP d| +
KEYSIGHT glpu;_RF A
oupling:
L Q Ext Gain: 0.00 dB

Input Z: 50 O
Comections: Off

Align: Auto

Graph
Scale/Div 10.0 dB

Freq Ref: Sense, Int LNP: Not Enabled

ACP Measurement on a Base Station W-CDMA Signal

Atten: 14 dB
Int Preamp: Off

PNO: Best Wide
IF Gain: Low
NFE: Off

Noise Com: On

Trig: Free Run

Gate: Off Avg|Hold:>1010

Ref Value -15.00 dBm

743 dBc

-T4dBe

Center 1.92 GHz
#Res BW 100 kHz

Metrics v

Total Gar Pwr | -11.115 dBm/3.840MHz
Total PSD —

Offs Freq
A| 5000 MHz
B| 10.00 MHz

Integ BW
3.840 MHz
3.840 MHz

-74.27 -85.38 -11.12
-74.00 -85.12 -11.12

#Video BW 1.0000 MHZ*

Lower Upper
ACP Ref Camier ACP
dBc | dBm dBm Car# dBc | dBm

Ref Carrier

dBm | Car # | Filter
1 -7398 -85.10 -11.12 10N
1 -7427 -8538 -11.12 10N

Center Freq: 1.920000000 GHz

Radio Std: WCDMA, BTS

-740dBe

NP
Q Meas Setup ¥ e

Phase Noise Opt
Best Wide-Offset ¥

Settings

Auto Reference
Man

Noise Correction Meas
On Standard
Off

Noise Floor

Extension
On
Off

#Sweep Time 29.0 ms (1001 pts

Two vertical white lines, in the center of the screen, indicate the bandwidth limits of the central channel being measured.

The frequency offsets, channel integration bandwidths, and span settings can all be modified from the default settings.

Offsets A and B are designated by the adjacent pairs of white lines, in this case: 5 MHz and 10 MHz from the center

frequency respectively.

9 Define a new, third  a.
pair of offset b
frequencies.

c
d

Select the Settings tab.

. Tap Carr/Offset/Limits Config.
. In the left Configuration column, tap

Offset.

. In the Offset setting table, enable C

(check box) and change Offset Freq to
15 MHz.

. Close this page by tapping the Close>

icon in the upper right corner.

This third pair of offset
frequencies are offset by
15.0 MHz from the center
frequency as shown in
Figure 9-4. Three further
pairs of offset frequencies (D,
E and F) are also available.
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Step Action Notes

Figure 9-4 Configuring Carrier/Offset/Limits
Q Meas Setup ¥

Configuration Offset PR e
10
) Scale/Div 10.0 dB Ref Value -15.00 dBm
Carrier Averaging Reference
On
Off Meas
Standard
Average Mode

Limits Exponential Advanced
Meas Method

Global
Integration BW 003!

Carr/Offset/Limits
Config

Center 1.92 GHz Span 34.68 MHz|

it Test

Offset Freq Define  center to Center Advanced > 8;

Meas Setup
Enabled Offset Freq Integ BW Offset Side Method Filter Alpha ETRr e

500000 MHz 3.84000 MHz Both RRC Weighted 0.22 FNDETE
Meas Preset
10.0000 MHz 3.84000 MHz Both RRC Weighted 022
15.0000 MHz 3.84000 MHz Both RRC Weighted 022
QHz 3.84000 MHz Both RRC Weighted 022

0Hz 3.84000 MHz  Both RRC Weighted 0.22

0Hz 3.84000 MHz  Both RRC Weighted 0.22
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Step Action Notes

Figure 9-5 Measuring a Third Adjacent Channel

KEYSIGHT |Input: RF Input Z: 50 O Atten: 14 dB Trig: Free R PNO: Best Widk Center Freq: 1.920000000 GH;

L @ (rllgll:piing:AC ('Ilsrlienﬁnns:()ﬂ Int?;:eamp:()ﬂ (;;gle:(r;le - IF Gain?fﬁw < A\?;\:(rnldrzﬂoﬂﬂ : Settings
1

Ext Gain: 0.00dB  Freq Ref: Sense, Int LNP: Not Enabled NFE: Off Radio Std: WCDMA, BTS
Align: Aute Neise Comr: On

0
Averag Reference
Graph O
Scale/Div 10.0 dB Ref Value -15.00 dBm off Meas
a
it

Standard

ing
n
Average Mode
Exponential ¥ | Advanced
Meas Method e
Integration BW v ova
<Carr.'0ffseh'|_imils

Config

t

Ik
YK P ) ] 2 . i, oA | Limit Test
On
" Off
[Center 1.92 GHz #Video BW 1.0000 MHz" . Z|

#Res BW 100 kHz p Time 29.0 ms (1001 pts < Meas Setup
Summary Table
Meitrics A

Auto Couple
Total Car Pwr | -11.112 dBm/3.840MHz

Lower
ACP Ref Carrier Ref Carrier
Offs Freq Integ BW dBc dBm dBm Car# dBc dBm  Car# | Filter
5.000 MHz| 3.840 MHz| -74.44| -85.55 -11.91 8. 84. -11.11 1/0ON
10.00 MHz|  3.840 MHz| -73.39 .50 -11.91 1 3 -11.11 1/0ON
15.00 MHz| 3.840MHz| -73.17| -84.28 -11.91 1 -73.14| -84.25 -11.11 1/0ON

- Sep 08, 2
HH "3 aalll | ? b1?5.9.:45;5\1»

10Set pass/fail limits
for each offset.

e

Select the Settings tab. See Figure 9-5.
. Tap Carr/Offset/Limits Config.

c. In the left Configuration column, tap
Limits.

d. In the Limits setting table, for Offset A,
change Rel Limit (Car) to —55 dB.

e. Change Offset B Rel Limit (Car) to
—75 dB.

f. Change Offset C Rel Limit (Car) to
-60 dB.

g. Close this page by tapping the Close>
icon in the upper right corner.

(o
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Notes

a. Inthe menu panel, toggle Limit Test to On.

In Figure 9-6 notice that
offsets A and C have passed,
however offset B has failed.
Power levels that fall above
our specified -75 dB for offset
B, fail. The offset bar graph
and the associated power
level value are shaded red to
identify a failure. The offset
limits are shown as dashed

lines.

Step Action
11Turn the limit test
on.
Figure 9-6 Setting Offset Limits

Spectrum Analyzer 1
cP y +

KEYSIGHT |Input: RF Input Z: 50 Q Aften: 14 dB
Col Cormections: Off Int Preamp: Off
Freq Ref: Sense, Int |LNP: Not Enabled

Align: Auto

Trig: Free Run
Gate: Off

Graph

Scale/Div 10.0 dB Ref Value -15.00 dBm

-F40dBc IR s

Center 1.92 GHz
#Res BW 100 kHz

Metrics v

#Video BW 1.0000 MHz*

Total Car Pwr | -11.140 dBm/3.840MHz
Total PSD —

Lower

Ref Carrier

dBm |Car#  dBc
-1
-1 1) -
-1

ACP
dBm
-85.16

Offs Freq

5.000 MHz
10.00 MHz
15.00 MHz

Integ BW dBc
3.840 MHz | -74.05
3.840 MHz -73.31
3.840 MHz | -73.89 -85.

1| -74.03) -85.14

PNO: Best Wide
IF Gain: Low
NFE: Off

Noise Corm- On

(Center Freq: 1.920000000 GHz
Avg|Hold:>10/10
Radio Std: WCDMA, BTS

Span 34.68 MHz|

#Sweep Time 29.0 ms (1001 pts

Upper
ACP
dBm

Ref Camier

dBm | Car# Filter
-1 10N
-1 10N
-1 10N

Average Mode
[SH O ENE] A}
Meas Method
Integration BW ¥
<Carr.'0ffset'|_|mlts
Config

Auto Couple

Standard

Advanced

Global

You may increase the measurement repeatability by increasing the sweep

time.
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Making Statistical Power Measurements (CCDF)

Complementary cumulative distribution function (CCDF) curves characterize a
signal by providing information about how much time the signal spends at or
above a given power level. Percentage is on the vertical axis and power (in dB)
is on the horizontal axis.

All CDMA signals, and W-CDMA signals in particular, are characterized by high
power peaks that occur infrequently. If these power peaks are not maintained,
separate data channels can not be received properly. Too many peak signals
can also cause spectral regrowth. If a CDMA system works well most of the
time and only fails occasionally, this can often be caused by compression of
the higher peak signals.

The following example shows how to make a CCDF measurement on a
W-CDMA signal broadcasting at 1.96 GHz. A signal generator is used to
simulate a base station.

Step Action Notes

1 Set up the signal a. Setup a W-CDMA down link signal.
generator. b. Set the frequency to 1.92 GHz.
c. Set the amplitude to —10 dBm.

2 Connect the source RF OUTPUT to the analyzer RF INPUT as shown below.
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Step Action Notes
3 Preset the a. Press the Mode Preset key.
analyzer.
Mode Preset does not preset all settings in the analyzer. For a more
complete preset, tap Restore Mode Defaults and Input/Output Preset
in the Preset menu.
4 Select the a. Press the Mode/Meas key. The default Mode and
Measurement. . Measurement of the analyzer is
b. Select Spectrum Analyzer in the Mode Spectrum Analyzer and Swept
column. SA. If necessary, you can verify
c. Select Power Stat CCDF in the (and select) the mode by
Measurement column pressing the MODE/MEAS key.
d. Tap OK at the bottom of the display.
5 Set the radio a. Press the MEAS SETUP key.

standard and type

b. In the menu panel, select the Meas

of station. Standard tab.
c. Tap Radio Std Presets and select
Cellular, 3GPP W-CDMA, BTS in the
table.
d. Tap OK at the bottom of the display.

6 Set the center a. Press the FREQ key.

frequency. b. In the menu panel, double tap Center
Frequency and enter 1.92 GHz.

7 Optimize the a. Press the AMPTD key. Adjust Atten for Min Clip
attenuation protects against input signal
setting. b. In the menu panel, select the overloads, but may not set the

Attenuation tab. input attenuation and reference
c. Tap Adjust Atten for Min Clipping. level for optimum measurement
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dynamic range.

To improve the measurement
repeatability, increase the
sweep time to smooth out the
trace (average detector must be
selected). Measurement
repeatability can be traded off
with sweep time.
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Action Notes

Figure 9-7

Spectrum Analyzer 1 v +
Power Stat CCDF

KEYSIGHT |input: RF

Power Statistics CCDF Measurement on a W-CDMA Signal
Q Amplitude ¥ ',:'

Input Z: 50 O Atten: 8 dB Trig: Free Run #IF Gain: Low Center Freq: 1.920000000 GHz

L Q Coupling: AC Comections: Off Int Preamp: Off Counts: 419 k/10.0 Mpt

Ext Gain: 0

L

Average Power
A
51.87

100 %
10%
0.1%
001 %
0.001 %
0.0001 %

00 dB Freq Ref: Sense, Int LNP: Not Enabled Radic Std: WCDMA, BTS
Align: Auto

Signal Path

1.01 dBm Adjust Atten for Min

Clippin
% at 0 dB L

3.56 dB Mech Atten Step
4.41dB

481d8B
503 dB
—dB

505dB

-5.96 dBm

=02 e

8 Store your current  a. Press the Trace key. When the power stat CCDF

measurement
trace for future

reference.

measurement is first made, the
display should show a signal
typical of pure noise. This is
labeled Gaussian, and is shown
in aqua. Your CCDF
measurement is displayed as a
yellow plot. You have stored this
measurement plot for easy
comparison with subsequent
measurements. Refer to

b. In the menu panel, tap Store Ref Trace.

Figure 9-7.
9 Display the stored a. Toggle Ref Trace to On.
trace.
10Change the a. Press the BW key. The stored trace from your last
measurement measurement is displayed as a

bandwidth to

1 MHz.

b. In the menu panel, double tap Info BW

magenta plot (as shown in
and enter 1 MHz.

Figure 9-8), and allows direct
comparison with your current
measurement (yellow trace).
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Step Action Notes

Figure 9-8 Storing and Displaying a Power Stat CCDF Measurement

Spectrum Analyzer 1 v +
Power Stat CCDF
KEYSIGHT |Input: RF Input Z: 50 Q Atten: 8 dB Trig: Free Run #IF Gain: Low Center Freq: 1.920000000 GHz
Q Coupling: AC Comections: Off Int Preamp: Off Counts: 5.27 M/10.0 Mpt
Ext Gain: 0.00 dB Freq Ref: Sense, Int LNP: Not Enabled Radic Std: WCDMA, BTS
Align: Auto
Graph
Gaussian
Average Power

-16.81 dBm ==
38.87 % at 0 dB

100 % 3.58d8B
10% 5.89dB
0.1% 7.00dB
001 % 7.95dB
0.001 % 8.32dB
0.0001 % 8.40d8B

8.40dB
-8.41 dBm

] Sep 08, 2015
w9 ? T

If you choose a measurement bandwidth setting that the analyzer cannot
display, it automatically sets itself to the closest available band wid th setting.

11Change the a. Press the MEAS SETUP key. Reducing the number of paints
number of decreases the measurement
measured points b. In the menu panel, double tap Counts time. However, the number of

from 10,000,000 and enter 1 kpt. points is a factor in determining

(10.0Mpt) to 1,000 measurement ungertainty and

(1kpt) repeatability. Notice that the

) displayed plot is not as smooth

when you decrease the
decrease the number of
measurement points. The
measurement is faster, but
repeatability is reduced and
uncertainty is increased. Refer
to Figure 9-9.
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Step

Action Notes

Figure 9-9

Spectrum Analyzer 1 v +
Power Stat CCDF

Reducing the Measurement Points to 1 kpt

Q Meas Setup

KEYSIGHT |Input: RF Input Z: 50 Q Atten: 8 dB Trig: Free Run #IF Gain: Low Center Freq: 1.920000000 GHz Count
L Q Coupling: AC Comections: Off Int Preamp: Off Counts: 1.00 ki1.00 kpt ©1r. 3
Ext Gain: 0.00 dB  |[Freq Ref: Sense, Int LNP: Not Enabled Radic Std: WCDMA, BTS 1.00 kpt

Align: Auto

Average Power

-16.81 dBm
3840 % at 0dB

100 % 362dB
10% 5.81dB
0.1% 7.03dB
001 % —dB
0.001 % —dB
0.0001 % —dB

7.09dB
-9.72 dBm

Meas
Meas Cycles Standard
1.0000

Meas Interval
1.0000 ms

v

< Meas Setup
Summary Table

Auto Couple

12Change the
scaling of the
X-axis to 1 dB per
division to
optimize your
particular
measurement.

The number of measurement samples per sweep is dependent on the
sampling rate and the measurement interval. The number of samples that

have been processed are indicated at the top of the screen. The graphical plot

is continuously updated so you can see it getting smoother as measuremen
uncertainty is reduced and repeatability improves.

a. Press the SWEEP key. Refer to Figure 9-10.

b. In the menu panel, select the X Scale
tab.

c. Double tap Scale/Div and enter 1 dB.

t
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Step Action Notes

Figure 9-10 Reducing the X Scale to 1 dB

Spectrum Analyzer 1 v +
Power Stat CCDF

KEYSIGHT |Input: RF Input Z: 50 Q Atten: 8 dB Trig: Free Run #IF Gain: Low Center Freq: 1.920000000 GHz

L Q Coupling: AC Comections: Off Int Preamp: Off Counts: 1.00 ki1.00 kpt

Ext Gain: 0.00 dB Freq Ref: Sense, Int LNP: Not Enabled Radic Std: WCDMA, BTS
Align: Auto
Graph
Gaussian

Average Power

-16.82 dBm [

4050 % at 0dB

100 % 352dB
10% 5.82dB
0.1% 6.68 dB
001 % —dB
0.001 % —dB
0.0001 % —dB

6.95dB
-9.87 dBm
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Making Burst Power Measurements

The following example demonstrates how to make a burst power measurement
on a simulated Bluetooth® signal broadcasting at 2.402 GHz. A signal
generator is used to simulate a Bluetooth® signal.

Step Action Notes
1 Set up the signal a. Setup a Bluetooth® signal transmitting DH1
source. packets.

b. Set the source frequency to 2.402 GHz.

c. Set the source amplitude to —10 dBm.

2 Connect the source RF OUTPUT to the analyzer RF INPUT as shown.
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Signal Generator
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— RF Input
Signal Analyzer

3 Preset the analyzer.  a. Press the Mode Preset key.

Mode Preset does not preset all settings in the analyzer. For a more
complete preset, tap Restore Mode Defaults and Input/Output Preset
in the Preset menu.

4 Select the a. Press the MODE/MEAS key. The default Mode and
Mode/Measurement . Measurement of the analyzer is
Niew. b. Select Spectrum Analyzer in the Mode Spectrum Analyzer and Swept

column. SA. If necessary, you can verify
c. Select Burst Power in the (and select) the mode by

Measurement column. pressing the MODE/MEAS key.

d. Tap OK at the bottom of the display.
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Step Action Notes
5 Set the center a. Press the FREQ key.
frequency. b. In the menu panel, double tap Center

Frequency and enter 2.402 GHz.

6 Set the analyzer
radio mode to
Bluetooth.

Press the MEAS SETUP key.

. In the menu panel, select the Meas

Standard tab.

. Tap Radio Std Presets and select

Wireless, Bluetooth, DH1.

. Tap OK.

Check to make sure packet type
DHT is selected.

7 Optimize the
attenuation level.

Press the AMPTD key.

. In the menu panel, select the

Attenuation tab.

. Tap Adjust Atten for Min Clipping.

8 View the results of
the burst power
measurement using
the full screen.

158

Tap the Full Screen icon at the bottom of the
display.

-11.390 dBm

-120.29 dBm

See Figure 9-11.
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Action Notes

Figure 9-11

Spectrum Analyzer 1
Burst Power v +

KEYSIGHT glpu;_RF A
oupling:
L &) g Gan 000 6B

Graph
Scale/Div 10.00 dB

Full Screen Display of Burst Power Measurement Results

Input Z: 50 O Atten: 6 dB Trig: RF Burst IF Gain: Low Center Freq: 2.402000000 GHz
Comections: Off Int Preamp: Off NFE: Off Avg|Hold:>50/50

Freq Ref: Sense, Int LNP: Not Enabled Radic Std: Bluetooth, DH1
Align: Auto

Ref Value 0.000 dBm

Qutput Power
{Measured Burst Width)

Full Burst Width
Measured Width
Measured Points

-11.406 dBm

3704 us
3704 us
5556

Abs Amplitude Threshold
Rel Amplitude Threshold

Current Data

QOutput Power

Max Point Power

Min Point Power

-14.33 dBm
-3.00 dB

-11.406 dBm
-11.333 dBm
-113.31 dBm

Tap the Full Screen icon again to exit the full screen display without

changing any parameter values. Refer to Figure 9-12.
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Step

Action

Notes

Figure 9-12

| Spectrum.
Burst Power

oapl s Coma
L [ru] w “
Align: Auto

KEYSIGHT Inpul RF Input Z: 50 0
Coupling: ve: Off

Atten: 10 dB
Int Praamp: Off NFE: Off
Sense, Int LNP. Not Enabled

Trig: RF Burst IF Gain: Low Center Freq. 2 402000000 GHz
‘Avg|Hald =500

Radio S None

Ref Value 0.000 dBm

Normal Screen Display of Burst Power Measurement Results

9 Select one of the
following three
trigger methods to
capture the signal
bursts:

— Periodic Timer
Triggering
— Video

— RF Burst Wideband
Triggering (RF Burst is
recommended, if
available)

160

a. Tap the menu panel and select Trigger.

b. Tap Select Trig Source and select RF
Burst.

Although the trigger level
allows the analyzer to detect the
presence of a burst, the time
samples contributing to the
burst power measurement are
determined by the threshold
level, as described next.

For more information on trigger
selections see “Trigger
Concepts” on page 197.
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Step Action

Notes

10Set the relative a. Press the MEAS SETUP key.

threshold level )
above which the b. Select the Settings tab.

burst power c. Tap Threshold Lvl and enter —10 dB.

measurement is
calculated.

The burst power measurement
includes all points above the
threshold and no points below.
The threshold level is indicated
on the display by the green
horizontal line. In this example,
the threshold level has been set
to be 10 dB below the relative
level of the burst. The mean
power of the burst is measured
from all data above the
threshold level. Refer to
Figure 9-13.

Figure 9-13 Burst Power Measurement Results with Threshold Level Set

Spectrum Analyzer 1
Burst Power v +

L @ Coupling: AC Comections: Off Int Preamp: Off NFE: Off Avg|Hold:>50/50

KEYSIGHT |Input: RF Input Z: 50 Q Alten: 6 dB Trig: RF Burst IF Gain: Low Center Freq: 2.402000000 GHz

Ext Gain: 0.00dB  Freq Ref: Sense, Int LNP: Not Enabled Radio Std: Bluetooth, DH1

Align: Auto

Graph
Scale/Div 10.00 dB Ref Value 0.000 dBm

Abs Amplitude Threshold

iR Rel Amplitude Threshold
Dutput Power
{Measured Burst Width) -11.433 dBm

Current Data

Full Burst Width 3735 Output Power

Measured Width 373. Max Point Power

Measured Points 560: Min Paint Power

-21.34 dBm
-10.00dB

-11.433 dBm
-11.343 dBm
-117.96 dBm

ﬁ Meas Setup
wg|Hold N
50

Averaging
On
Off

Average Mode
Exponential v

Average Type
Power (RMS) v
Threshold Lvl

-10.00 dB

Absolute
Relative

Standard

Global

Meas Setup
Summary Table

161



Measuring Digital Communications Signals

Making

Step

Burst Power Measurements

Action

Notes

11Set the burst width
to measure the
central 200 ps of the
burst and enable bar
graph.

a. Press the Display key.

b. In the menu panel, toggle the Bar

Graph to On.
c. Press the MEAS SETUP key.

d. In the menu panel, select the Meas

Method tab.

e. Tap Meas Method and select Burst

Wid th.

f. Toggle Burst Wid th Auto Detection to

Off.

g. Double tap Burst Wid th and enter

200 ps.

The burst width is indicated on
the screen by two vertical white
lines and a blue power bar.
Manually setting the burst
width allows you to make it a
long time interval (to include
the rising and falling edges of
the burst) or to make it a short
time interval, measuring a small
central section of the burst.
Refer to Figure 9-14.

Figure 9-14 Bar Graph Results with Measured Burst Width Set

Spectrum Analyzer 1
Burst Power v +

KEYSIGHT |Input: RF Input Z-50 Q

Atten: 6 dB Trig: RF Burst IF Gain: Low

L @ Coupling: AC Comections: Off Int Preamp: Off NFE: Off
Ext Gain: 0.00dB  Freq Ref: Sense, Int LNP: Not Enabled

Align: Auto

Graph
Scale/Div 10.00 dB

Output Power
(Measured Burst Width)

Full Burst Width
Measured Width

Measured Points

Ref Value 0.000 dBm

Abs Amplitude Threshold

Rel Amplitude Threshold
-11.400 dBm
Current Data

3735us Output Power
200.0us Max Point Power

Min Point Power

ﬁ Meas Setup ¥ | - , -

Center Freq: 2. 402000000 GHz

Avg|Hold:>50/50

Radio Std: Bluetooth, DH1

-21.34 dBm
-10.00dB

-11.400 dBm
-11.344 dBm
-119.56 dBm

Burst Width v

Burst Width

‘Auto Detection
On Meas
Off Standard

Burst Width Global
200.0 ps
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If you set the burst width manually to be wider than the screen's display, the
vertical white lines move off the edges of the screen. This could give
misleading results as only the data on the screen can be measured.

The Bluetooth® standard states that power measurements should be taken
over at least 20% to 80% of the duration of the burst.
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Step Action

Notes

12Increase the sweep
time to display more
than one burst at a

a. Press the SWEEP key.

b. In the menu panel, double tap Sweep
Time and enter 6200 ps (or 6.2 ms).

The screen display shows
several bursts in a single sweep
as in Figure 9-15. The burst

time. power measurement measures
the mean power of the first
burst, indicated by the vertical
white lines and blue power bar.
Figure 9-15 Displaying Multiple Bursts

Spectrum Analyzer 1
Burst Power ! +
KEYSIGHT |Input: RF Input Z: 50 Q Trig: RF Burst IF Gain: Low
L @ Coupling: AC Comections: Off Int Preamp: Off NFE: Off
Ext Gain: 0.00dB  Freq Ref: Sense, Int LNP: Not Enabled
Align: Auto

Atten: 6 dB
Avg|Hold:>50/50

Graph

Scale/Div 10.00 dB Ref Value 0.000 dBm

—

Abs Amplitude Threshold
Rel Amplitude Threshold

-21.34 dBm

-10.00 dB
Output Power

{Measured Burst Width) -11.399 dBm

Current Data
Full Burst Width 3735us -11.399 dBm
-11.338 dBm

-127 69 dBm

Qutput Power
Measured Width 2000 us Max Point Power

Measured Points 3001 Min Point Power

Center Freq: 2. 402000000 GHz

Radio Std: Bluetooth, DH1

Sweep Time
6.2000 ms

Sweep / Measure
Continuous
Single

Although the burst power measurement runs correctly when several bursts
are displayed simultaneously, the timing accuracy of the measurement is
degraded. For the best results (including the best trade-off between
measurement variations and averaging time), it is recommended that the

measurement be performed on a single burst.
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Making Spurious Emissions Measurements

This example demonstrates how to make a spurious emissions measurement
on a multitone signal that simulates a spurious emission in a defined spectrum.

Step Action Notes
1 Setup the signal a. Setup a multitone signal with 8 tones with a
source. 2.0 MHz frequency spacing.

b. Set the source frequency to 1.950 GHz.
c. Set the source amplitudes to —-50 dBm.

2 Connect the source RF OUTPUT to the analyzer RF INPUT as shown.

o = ‘S afalal-1o] ] Elg =1}
| FEEEEIT R 00 oecBEEERss
N i oo FH8 500 % = = = RFOutput
g Lo— =16 892 ) 99
ol o
O —— ]

Signal Generator

e e T =

RF Input
Signal Analyzer

3 Preset the a. Press the Mode Preset key. The default Mode and
analyzer. Measurement of the analyzer
is Spectrum Analyzer and
Swept SA. If necessary, you
can verify (and select) the
mode by pressing the
MODE/MEAS key.

Mode Preset does not preset all settings in the analyzer. For a more
complete preset, tap Restore Mode Defaults and Input/Output Preset
in the Preset menu.
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Step

Action

Notes

4 Select the

a. Press the MODE/MEAS key.

Once you activate the

Measurement. . measurement, the center
b. Select Spectrum Analyzer in the Mode frequency is set, and a marker
column. is placed on the trace.
C. SeleCt SpuriOUS Emissions |n the The Spurious emission result
Measurement column. should look similar to Figure
d. Tap OK at the bottom of the display. 9-16. The table at the bottom
of the display shows the
detected emission peaks.
Each emission peak, (spur
number), shows the range,
power, and limit value against
which the spur amplitude is
tested.
Figure 9-16 Spurious Emission Measurement Result

Spectrum Analyzer 1 v +
Spurious Emissions
KEYSIGHT Input RF

Q Coupling: AC
Ext Gain: 0.00 dB

ge
Scale/Div 10.0 dB

Start 1.920000000 GHz
Res BW 1.2000 MHz

Input Z: 50 O Atten: 10 dB Trig: Free Run IF Gain: Low (Center Freq: 13.255000000 GHz
Comections: Off Int Preamp: Off Gate: Off NFE: Off Radio Std: None

Freq Ref: Sense, Int |LNP: Not Enabled

Align: Auto

Mkr1 1.945

Ref Value -30.00 dBm -59.48 dBm

‘1

Video BW 120.00 kHz Stop 1.9800001
Sweep

Spur | Range | Frequency | Amplitude Limit ALimit
1 1.945 GHz| -59.14 dBm -50.00 dBm -9.142 dBm
p 1.951 GHz| -59.34 dBm -560.00 dBm -9.336 dBm
1.947 GHz| -59.38 dBm -560.00 dBm -9.379 dBm
1.949 GHz| -59.48 dBm -50.00 dBm -9.476 dBm
1.953 GHz| -59.59 dBm -560.00 dBm -9.587 dBm
1.943 GHz| -59.59 dBm -560.00 dBm -9.589 dBm
1055 GHz| A0 A2 dRm _AN.NN dRm -9 £29 dARm

el e

58:46 AM

ﬁ Frequency

Center Frequency Settings
13.255000000 GHz
CF Step

2649000000 GHz

Auto
Man

1 GHZ

000 GHz]
1.00 ms|

5 Move Marker on
the trace by
specifying a
specific spurious
emissions signal.

a. Tap the line of Spur #6.

The marker on the trace
moves accordingly. See
Figure 9-17.
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Step Action Notes

Figure 9-17 Spurious Emission Measurement - Spur Focus

Spectrum Analyzer 1 v +
Spurious Emissions
KEYSIGHT Input:RF Input Z: 50 Q Aften: 10 dB Trig: Free Run IF Gain: Low Center Freq: 13.255000000 GHz
Q Coupling: AC Cormections: Off Int Preamp: Off Gate: Off NFE: Off Radio Std: None
Ext Gain: 0.00 dB Freq Ref: Sense, Int \LNP: Not Enabled
Align: Auto

CF Step
2.649000000 GHz

ge
Scale/Div 10.0 dB Ref Value -30.00 dBm i

"1

Start 1.920000000 GHz Video BW 120.00 kHz Stop 1.980000000 GHzj
Res BW 1.2000 MHz Sweep 1.00 ms

Spur | Rarge | Frequency | Amplitude Limit ALimit
1.945 GHz| -59.14 dBm -50.00 dBm -9.142 dBm
1.951 GHz 34 dBm -50.00 dBm -9.336 dBm
1.947 GHz 38 dBm -50.00 dBm -9.379 dBm
1.949 GHz 48 dBm -50.00 dBm -9.476 dBm
1.953 GHz| -59.59 dBm -50.00 dBm -9.587 dBm
1.943 GHz| -59.59 dBm -50.00 dBm -9.589 dBm
1055 GH»| _R9 A3 dRm A0 NN.dBm -9 A29 dBRm

6 You can customize a. Press the MEAS SETUP key. See Figure 9-18.
the ranges for b
spurious
emissions. Initially,
six default ranges,
with parameters,
are loaded into the
range table.

. Tap Range Settings, then select and edit
the available parameters by tapping the
cell.
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Action

Notes

Figure 9-18

Range Settings

L

Atten

Detector/Sweep

Limits

Troubleshooting hints

S | ScalelDiv 10.0 dB

# | Enabled Start Freq

1.92000 GHz

1.89350 GHz

210000 GHz

217500 GHz

800.000 MHz

Bandwidth

Ref Value -30.00 dBm

Stop Freq

1.98000 GHz

1.91960 GHz

210150 GHz

218000 GHz

1.00000 GHz

Res BW

Value

1.200 MHz

510.0 kHz

100.0 kHz

100.0 kHz

4.000 MHz

Auto

Spurious Emission Measurement - Range Settings

Q Meas Setup ¥

Avg|Hold Number
10

l: Meas
Averaging Standard
On
i Advanced
Average Mode

Exponential ¥ | Global

Meas Type
Examine

Spur
4

Spur Report Mode

Stop 2.1800 GHz| | Al Spurs

Video BW

Value

120.0 kHz

51.00 kHz

10.00 kHz

10.00 kHz

390.0 kHz

Filter Type

Gaussian

Gaussian

Gaussian

Gaussian

Gaussian

‘ < Range Settings

Meas Setup
Summary Table

Auto Couple

Meas Preset

Spurious emissions measurements can reveal the presence of degraded or
defective parts in the transmitter section of the UUT. The following are

examples of problems which may be indicated by testing:

Faulty DC power supply control of the transmitter power amplifier

RF power controller of the pre-power amplifier stage
I/Q control of the baseband stage

Reduction in the gain and output power level of the amplifier due to a
degraded gain control and/or increased distortion
Degradation of amplifier linearity and other performance characteristics

Power amplifiers are one of the final stage elements of a base transmitter and
play a critical part in meeting the important power and spectral efficiency
specifications. Measuring the spectral response of these amplifiers to complex
wideband signals is crucial to linking amplifier linearity and other performance
characteristics to stringent system specifications.

167



Measuring Digital Communications Signals
Making Spectrum Emission Mask Measurements

Making Spectrum Emission Mask Measurements

This section explains how to make the spectrum emission mask, (SEM),
measurement on a W-CDMA (3GPP) mobile station. A signal generator is used
to simulate a mobile station. SEM compares the total power level within the
defined carrier bandwidth and offset channels on both sides of the carrier
frequency, to levels allowed by the standard. Results of the measurement of
each offset segment can be viewed separately.

Step Action Notes

1 Set up the signal a. Setup a W-CDMA uplink signal.

source. b. Set the source frequency to 1,920

MHz (Channel. Number: 5 x 1,920 =
9,600).

c. Set the source amplitudes to 0 dBm.

2 Connect the source RF OUTPUT to the analyzer RF INPUT as shown.

i
l
{
|
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al 1o

e 0] ]

|

%

&
ij

el

=
=]
"% RF Oufput

AO000
Loooo
BO000

00000 3

Signal Generator

AT s it o s i o

— & T Input

Signal Analyzer

3 Preset the a. Press the Mode Preset key.
analyzer.

Mode Preset does not preset all settings in the analyzer. For a more
complete preset, tap Restore Mode Defaults and Input/Output Preset
in the Preset menu.
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Step Action Notes
4 Select the a. Press the MODE/MEAS key. The default Mode and
M tof th lyzer i
Measurement. b. Select Spectrum Analyzer in the easurement of the analyzer is

Mode column.

. Select SEM in the Measurement

column.

. Tap OK at the bottom of the display.

Spectrum Analyzer and Swept SA.
If necessary, you can verify (and
select) the mode by pressing the
MODE/MEAS key.

5 Set the radio
standard and
station type.

Press the MEAS SETUP key.

. In the menu panel, select the Meas

Standard tab.

c. Tap Radio Std and select Cellular,
3GPP W-CDMA, MS in the table.
d. Tap OK.
6 Set the center a. Press the FREQ key. The Spectrum Emission Mask
frequency. b. In the menu panel, double tap Center measurement result should look

Frequency and enter 1.92 GHz.

like Figure 9-19. The text
window shows the reference total
power and the absolute peak
power levels which correspond to
the frequency bands on both sides
of the reference channel.
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Step Action Notes

Figure 9-19 Spectrum Emission Mask Measurement Result - (Default) View

Spectrum Analyzer 1
SEM d| +

KEYSIGHT |Input: RF Input Z: 50 Q Atten: 14 dB Trig: Free Run IF Gain: Low Center Freq: 1.920000000 GHz
L Q Coupling: AC Comections: Off Int Preamp: Off Gate: Off NFE: Off Radic Std: WCDMA, MS
Ext Gain: 0.00dB  Freq Ref: Sense, Int LNP: Not Enabled Chan Det: Average

Align: Auto Offs Det: Peak

Graph
Scale/Div 10 dB Ref Value 0.00 dBm

ICenter 1.92 GHz Span 24.000 MHz|
Ref Carrier Power
-1.44 dBm / 3.84 MHz

Lower Upper
Start Freq Stop Freq Integ BW dBm ALim (dB) = Freq (Hz) dBm ALim (dB) | Freq (Hz)
2.515 MHz 3.485 MHz 30.00 kHz -91.05 (-41.47) -3.475M -91.76 (-42.11) 3480 M
4.000 MHz 7.500 MHz 1.000 MHz -77.43 (-38.74) -7.2486M - (-38.64) 6.804 M
7.500 MHz 8.500 MHz 1.000 MHz -78.54 (-29.60) -8.500M - (-29.44) 8.500 M
8.500 MHz 1.000 MHz -77.06 (-28.11) -11.186M (-27.63) 11.09 M
- &) - &) -

Troubleshooting hints

This spectrum emission mask measurement can reveal degraded or defective
parts in the transmitter section of the UUT. The following examples are those
areas to be checked further.

Faulty DC power supply control of the transmitter power amplifier.
RF power controller of the pre-power amplifier stage.
I/Q control of the baseband stage.

Some degradation in the gain and output power level of the amplifier due to
the degraded gain control and/or increased distortion.

Some degradation of the amplifier linearity or other performance
characteristics.

Power amplifiers are one of the final stage elements of a base or mobile
transmitter and are a critical part of meeting the important power and spectral
efficiency specifications. Since spectrum emission mask measures the spectral
response of the amplifier to a complex wideband signal, it is a key
measurement linking amplifier linearity and other performance characteristics
to the stringent system specifications.
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Making List Sweep Measurements

The List Sweep Measurement is designed for fast measurement throughput
and remote data collection.

You can configure a list of single-point frequency and power measurements,
and set up the analyzer to repeatedly run through the list, saving analyzer
setup time and reducing I/O overhead and traffic. The measurements are all
performed in zero-span.

There are some differences of the List Sweep feature from other
measurements:

— List Sweep only allows single measurement mode.

— List Sweep does not support front panel data display in order to meet
optimum high throughput.

List Sweep Measurements can be enabled using the front panel key or the
remote command. Measurement setup control is only available remotely. While
in the List Sweep measurement, the screen is blanked while displaying the
message.

Executing List Sweep measurement
from Remote Control port

Any key press exits the measurement and returns to the default measurement
for the mode (Swept SA for SA mode). To prevent accidental key presses from
terminating the measurement, there are two ways to lock out the front panel
keys:

— Accessing the instrument over GPIB (IEEE-488) puts the analyzer in remote
operation.

— Send the SYSTem:KLOCk ON command.

Step Action Notes
1 Set up the signal a. Set up a 4-tone signal.
source.

b. Set the frequency list as 0.98 GHz,
1.0GHz, 1.02 GHz, 1.04 GHz.

c. Set the amplitude list as -40 dBm,
-30dBm, -20 dBm, -10 dBm.
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Step Action Notes

2 Connect the source RF OUTPUT to the analyzer RF INPUT as shown.

EXG

a0
a8
[T{Al]

@00C0
80060

RF Output

BO0O0O0

[m]
-+ O
[m]
=]
]

o
i
Wi

RF Input
Signal Analyzer

Step Command

3 Remote control the analyzer via Keysight
Connection Expert.

4 Initiate the List Sweep Measurement. INIT:LIST
5 Set the frequency list. LIST:FREQ 0.98GHz,1.0GHz,1.02GHz,1.04GHz
6 Read the measurement results. READ:LIST?
E Agilent Interactive |0 - CONNECTED TO TCPIPO:™ - . 2 .2 " "7 inztD: INSTR =B8] =
Connect Interact Help
=
Dewice Clear Read STE SYST:ERRY Clear History Options
Commend:  [READ:LIST? x| Commands
Send Command ‘ Kead Responsze Send & Read ‘

In=trument Sesz=zion History:

-» LIST:FREQ 0.58GH=z,1.08H=z,1.02CGH=z,1.04CH=z -

—> READ:LIST?

<— -1_531763172E+01,-1.5596125322E+01,-1.673511887E+01, -1 _746892738E+01 -
Zi
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10 Demodulating AM Signals

Measuring the Modulation Rate of an AM Signal

This section demonstrates how to measure AM signal parameters, such as
modulation rate and modulation index (depth), by using frequency and time
domain measurements. See the concepts chapter “AM and FM Demodulation
Concepts” on page 219 for more information.

To obtain an AM signal, you can either connect a source transmitting an AM
signal, or connect an antenna to the analyzer input and tune to a commercial
AM broadcast station. For this example, an RF source is used to generate an
AM signal.

Step Action Notes

1 Setupthesignal a. Set the source frequency to 300 MHz.

source. b. Set the source amplitude to —20 dBm.
c. Set the AM depth to 80%.
d. Set the AM rate to 1 kHz.
e. Turn AM on.
KEYSIGHT

TECHNOLOGIES
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Step Action Notes

2 Connect the source RF OUTPUT to the analyzer RF INPUT as shown.
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Signal Analyzer

3 Preset the a. Press the Mode Preset key. The default Mode and
analyzer. Measurement of the analyzer is
Spectrum Analyzer and Swept SA.
If necessary, you can verify (and
select) the mode by pressing the
MODE/MEAS key.

Mode Preset does not preset all settings in the analyzer. For a more
complete preset, tap Restore Mode Defaults and Input/Output Preset in
the Preset menu.

4 Turn on the a. Turn ON the signal generator output.
signal
generator.

5 Setthe a. Press the FREQ key.
measurement b. In the menu panel, double tap Center
center Frequency and enter 300 MHz.
frequency and
span. c. Double tap Span and enter 500 kHz.

6 Setthe RBW. a. Press the BW key.

b. In the menu panel, double tap Res BW
and enter 30 kHz.
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Step

Action Notes

7 Set the sweep
time.

a. Press the SWEEP key.

b. In the menu panel, double tap Sweep
Time and enter 20 ms.

8 Change the
y-scale type to
linear.

a. Press the AMPTD key. The y-axis units defaults to mV

b. In the menu panel, tap Display Scale
and toggle to Lin.

(millivolts).

9 Position the
signal peak near
the first
graticule below
the reference
level.

Use one of the following methods to move  See Figure 10-1.

the signal peak.

a. Using a mouse connected to the
analyzer: click and drag the signal peak
up the display.

b. Using your finger: touch and drag the
signal peak up the display.

Figure 10-1

Spectrum Analyzer 1
Swept SA d +
KEYSIGHT :fput‘ RF ac
Coupling: AC
= Align- Off

Spectrum

Center 300.0000 MHz
[#Res BW 30 kHz

=9l ?

Raising the Peak of the Signal

Input Z: 50 Q Atten: 10 dB PNO: Balanced Avg Type: Voltage 2
Corrections: Off  Preamp: Off Gate: Off Trig: Free Run

Freq Ref: Sense, IntLNP: Not Enabled |IF Gain: Low w
NFE: Off Source: Off Sig Track: Off N B

Ref Level 223.6 mV

A

Video BW 30 kHz Span §00.0 kHz|
#Sweep 20.0 ms (1001 pts).

s Y w A

wan (W] A

B
n Amplitude (- &

Ref Level
2236 mV

- o

Signal Path
Display Scale

Y Scale

Ref Level Offset
0.00 dB

(o]
Off

10Set the analyzer
to zero span to
make
time-domain
measurements.

a. Press the FREQ key.

b. In the menu panel, tap Span and toggle
to Zero Span.

c. Press the SWEEP key.

d. In the menu panel, double tap Sweep
Time and enter 5 ms.

175



Demodulating AM Signals
Measuring the Modulation Rate of an AM Signal

Step Action Notes

11Adjust the a. Press the Trigger key. See Figure 10-2.

trigger level so b. Tap Trigger Level.

that the signal is ] )
vertically c. Note the value in mV of the middle of
centered on the the Y-axis. Enter this value for the
display. Trigger Level.

Figure 10-2 Setting the Trigger Level

Spectrum Analyzer 1 Y +
Swept SA
KEYSIGHT |Input: RF Input Z: 50 O Atten: 6 dB PNO: Balanced Avg Type: Voltage
G Coupling AC Corrections: O | Preamp: Off Gate: Off Trig: Video
Align: Off Freq Ref: Sense, IntLNP: Not Enabled |IF Gain: Low
NFE: Off ‘Source: Off Sig Track: Off

Ref Level 42.30 mV

Center 300.000000 MHz Video BW 30 kHz Span 0 Hz
#Res BW 30 kHz Sweep 5.000 ms (1001 pts)
= [} =
naa| (W] )

a Trigger

Select Trig Source
Video v

Trigger Level
2121 mV
Trigger Delay
1.0 ps

On
Off

Trigger Slope
Positive
Negative

< Trigger Settings
Diagram

Gate
Source

Gate
Settings

Periodic
Sync Src

Autol
Holdoff

12Measure the AM  a. Press the Peak Search key.

ratekusing delta  p, in the menu panel, tap Marker Delta,
markers. Next Right or Next Left.
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Measuring the Modulation Rate of an AM Signal

Step Action Notes

Since the modulation is a steady tone, you can use video trigger to trigger the analyzer sweep on the waveform and
stabilize the trace, much like an oscilloscope. See Figure 10-3.

If the trigger level is set too high or too low when video trigger mode is activated, the sweep stops. Adjust the trigger level
up or down until the sweep begins again.

Use markers and delta markers to measure the AM rate. Place the marker on a peak and then use a delta marker to
measure the time difference between the peaks (this is the AM rate of the signal).

Figure 10-3 Measuring Time Parameters

Q Marker

KEYSIGHT Input:RF Input Z: 50 Q Aften: 6 dB Trig: Video PNO: Balanced Avg Type: Voltage 2 Select Marker
Q Coupling: AC Cormections: Off Int Preamp: Off Gate: Off IF Gain: Low NFE: Off
Ext Gain'000dB  Freq Ref Sense, Int |LNP: Not Enabled Sig Track: Off Marker 1
Align: Auto
Marker A Time
1.00000 ms

Spectrum AMkr1 1.000 ms
Ref Level 44.08 mV 1.000 (V/IV)

Peak Search
‘ 142 Pk Search
Next Peak Config
Next Pk Right Properties
NextPklLeft || Marker
Function

Counter

=~ L ontinuous Peak
Search
On
Off

‘Center 300.000000 MHz Video BW 30 kHz Span0
#Res BW 30 kHz Sweep §.00 ms (1001 pts

Make sure the delta markers above are placed on adjacent peaks. See Figure
10-3. The frequency or the AM rate is 1 divided by the time between adjacent
peaks:

AM Rate =1/1.0 ms =1 kHz

The signal analyzer can also make this rate calculation by changing the marker
readout to inverse time. See the following step.

13Change the a. Press the Marker key. See Figure 10-4.

marker readout | the menu panel, select the Properties
to inverse time. tab

c. Tap X Axis Scale and select Inverse
time.
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Step Action Notes

Figure 10-4 Measuring Time Parameters with Inverse Time Readout

v + Q Marker

KEYSIGHT |nput: RF Input Z: 50 Q Aften: 6 dB Trig: Video PNO: Balanced Avg Type: Voltage
Coupling: AC Cormections: Off Int Preamp: Off Gate: Off IF Gain: Low NFE: Off
Ext Gain: 0.00 dB Freq Ref: Sense, Int LNP: Not Enabled

Align: Auto

Spectrum AMkr1 1.000 000 kHz Settings
Ref Level 44.08 mV 1.000 (VIV) Peak
Relative To Search
‘1A2 Pk Search
X Axis Scale Config

Inverse time

Man
Auto

Lines
On
Off
Marker Trace
Trace 1
Auto
On
Off

< Marker Settings
Diagram

Select Marker
Sig Track: Off Marker 1

V/SRRY/ SRV A

‘Center 300.000000 MHz Video BW 30 kHz Span0
#Res BW 30 kHz Sweep 5.00 ms (1001 pts
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Step Action Notes

Anather way to calculate the modulation rate is to view the signal in the frequency domain and measure the delta
frequency between the peak of the carrier and the first sideband. See Figure 10-5.

Figure 10-5 Measuring Modulation Rate in Frequency Domain

v + ﬁ Marker

KEYSIGHT |Input: RF Input Z: 50 O Atten: 6 dB Trig: Free Run PNO: Balanced Avg Type: Log-Power El 2 4 Select Marker
Q Coupling: AC Corrections: Off Int Preamp: Off Gate: Off IF Gain: Low NFE: Off W
Ext Gain'000dB  Freq Ref: Sense, Int |LNP: Not Enabled Sig Track: Off Marker 1

Align: Auto
Marker A Frequency
AMKr1 1.000 kHzll 050 e
Ref Level -14.11 dBm -7.665 dB Peak
Peak Search Search

x Pk Search
2 ‘ 1A2 Next Peak Config

Next Pk Right Properties
Next Pk Left R
Function

Marker—

Counter

Pk-Pk Search

Marker Delta

Center 300.00000 MHz Video BW 240 Hz
#Res BW 240 Hz
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Measuring the Modulation Index of an AM Signal

This procedure demonstrates how to use the signal analyzer as a fixed-tuned
(time-domain) receiver to measure the modulation index as a percent AM value
of an AM signal.

Step Action Notes

1 Set up the signal a. Set the source frequency to 300 MHz.
source. b. Set the source amplitude to —20 dBm.

c. Set the AM depth to 80%.

d. Set the AM rate to 1 kHz.

e. Turn AM on.

2 Connect the source RF OUTPUT to the analyzer RF INPUT as shown.

5
i
1
f
|
|

== o Do0ewe El e
| IS TS 8 Soooacanaesec
- e 000 % = = @& RFOutput
- il - e
e

Signal Generator

A TR i b o s i e i ™

RF Input
Signal Analyzer

3 Preset the a. Press the Mode Preset key. The default Mode and
analyzer. Measurement of the analyzer is
Spectrum Analyzer and Swept
SA. If necessary, you can verify
(and select) the mode by
pressing the MODE/MEAS key.

Mode Preset does not preset all settings in the analyzer. For a more
complete preset, tap Restore Mode Defaults and Input/Output Preset
in the Preset menu.
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Step

Action

Notes

4

Turn on the signal
generator output.

a. Turn ON the signal generator output.

5 Setthe a. Press the FREQ key.
measurfement b. In the menu panel, double tap Center
center frequency Frequency and enter 300 MHz.
and span.
c. Double tap Span and enter 500 kHz.
6 Set the RBW. a. Press the BW key.
b. In the menu panel, double tap Res BW
and enter 30 kHz.
7 Set the sweep a. Press the SWEEP key.

time.

b. In the menu panel, double tap Sweep
Time and enter 20 ms.

Change the y-scale
type to linear.

a. Press the AMPTD key.

b. In the menu panel, tap Display Scale
and toggle to Lin.

The y-axis units defaults to mV

(millivolts).

Position the signal
peak near the first
graticule below the
reference level.

Use one of the following methods to move
the signal peak.

a. Using a mouse connected to the
analyzer: click and drag the signal peak
up the display.

b. Using your finger: touch and drag the
signal peak up the display.

See Figure 10-6.
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Step Action Notes

Figure 10-6 Raising the Peak of the Signal

Spectrum Analyzer 1 i 5%
sy 5| oo 1|3

KEYSIGHT |Input: RF Input Z: 50 Q Atten- 10 dB PNO: Balanced  |Avg Type: Voltage 27 4 Ref Lovel
[ra) Coupling: AC Corrections: Of  Preamp: Off Gate: Off Trig: Free Run S lUSlE Y Scale
Align: Off Freq Ref. Sense, IntLNP: Not Enabled [IF Gain: Low 2236 mV

NFE: Off ‘Source: Off Sig Track: Off

- Aftenuation
Spectrum Ref Level 223.6 mV
Signal Path

Display Scale
Log
Lin

Y Axis Unit
v v

Ref Level Offset
0.00 dB

On
Off

A

(Center 300.0000 MHz Video BW 30 kHz Span 500.0 kHz|
[#Res BW 30 kHz #Sweep 20.0 ms (1001 pts).

o0 W7 7@ 25 [

10Set the analyzer to  a. Press the FREQ key.
zero span to make |

time-domain . In the menu panel, toggle Span to

Zero Span.

measurements.
c. Press the SWEEP key.
d. Double tap Sweep Time and enter
5 ms.
11Use the video a. Press the Trigger key.
trigger to stabilize ) | the menu panel, tap Select Trig
the trace. Source and select Video.
12Adjust the trigger  a. Tap Trigger Level. See Figure 10-7.

level so that the b
signal is vertically
centered on the
display.

. Note the value in mV of the middle of
the Y-axis. Enter this value for the
Trigger Level.
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Step Action Notes

Figure 10-7 Setting the Trigger Level

Spectrum Analyzer 1 2
Swept SA Al + a Trigger

KEYSIGHT |nput: RF Input Z: Atten: 6 dB PNO: Balanced Avg Type: Voltage 23 4
G Coupling: AC Corrections: Off |Preamp: Off Gate: Off Trig: Video Select Trig Source
Align: Off Freq Ref: Sense, IntLNP: Not Enabled |IF Gain: Low Video Y
NFE: Off Source: Off Sig Track: Off B

- — Trig vel o
Ref Level 42.30 mV 21.21 mV

Trigger Delay
1.0 ps

Trigger

Trigger Slope
Positive
Negative

< Trigger Settings

Diagram

Center 300.000000 MHz Video BW 30 kHz Span 0 Hz
#Res BW 30 kHz Sweep 5.000 ms (1001 pts)

o[ [ [7) el .12 [ °H (¢

L)

13Measure the To measure the modulation index as % AM, read the

modulation index trace as follows (see Figure 10-8 for display

of the AM signal. examples): 100% AM extends from the top graticule
down to the bottom graticule. 80% AM (as in this
example) is when the top of the signal is at 1 division
below the top graticule and 1 division above the
bottom graticule. To determine % AM of your signal
count each y-axis division as 10%.
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Step Action

Notes

Figure 10-8 AM Signal Measured in the Time Domain

+

| KEYSIGHT

L (e}

Wideo BYW 20 kHz

LEFT: 100% AM Signal (Modulation Index = 1) RIGHT: 80% AM Signal (Modulation Index = 0.8)

You can demonstrate how the analyzer reacts to different modulation indexes
by varying the modulation index (or depth) of the signal generator.
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|Q Analyzer Measurement

Capturing Wideband Signals for Further Analysis

This section provides two procedures that describe how to configure the
analyzer to make time domain measurements of complex wideband signals.
This mode captures the instantaneous vector relationships of time, frequency,
phase and amplitude within selected signals, for output as IQ data. This IQ data
can then be used internally or output over LAN, USB or GPIB for use with
external analysis tools. Each measurement description specifies the types of
data available remotely for that measurement.

The standard 10 MHz analysis BW and optional 25 MHz, 40 MHz, 255 MHz or
510 MHz analysis BW digitizers used to capture the wideband signals can be
accessed from the front panel in IQ Analyzer (Basic) mode. This mode provides
basic setup, RF (FFT-based), and 1Q analysis tools

Within the IQ Analyzer mode, basic frequency domain, time domain and 1Q
measurements are available as initial signal and data verification tools in
preparation for deriving the 1Q data output.

The first procedure, Complex Spectrum Measurement, provides a display in the
upper window of power versus frequency with current (yellow trace) and
average (blue trace) data. In addition, an IQ waveform of voltage versus time is
provided in the lower window.

The second procedure, 1Q Waveform (Time Domain) Measurement, provides a
time domain view of the RF signal envelope with power versus time or an 1Q
waveform of voltage versus time.

KEYSIGHT

TECHNOLOGIES
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Complex Spectrum Measurement

This procedure describes how to perform measurements on a complex
4-carrier W-CDMA waveform. A signal generator is used to simulate a base
station. This type of analysis in the time domain reveals the voltages of a
digitally-modulated complex waveform.

Step Action Notes

1 Set up the signal a. Set the mode to W-CDMA 3GPP with 4
source. carriers.

b. Set the frequency of the signal source
to 1.96 GHz.

c. Set the amplitude to -20 dBm.

2 Connect the source RF OUTPUT to the analyzer RF INPUT as shown.

-
i
l
{
|
1

1 oo S Rl Tol] - [Sle o= =] ]

§ e 8 o ascRRER s

I o 8 500 % == = RrOutput

- - -
 —— L

Signal Generator

ATt s o b e e i

-—' RF Input
Signal Analyzer

3 Select a. Press the MODE/MEAS key. The default Mode and
Mode/Measurement C Measurement of the analyzer is
Niew b. Sellect IQ Analyzer (Basic) in the Mode Spectrum Analyzer and Swept
on the analyzer cotumn. SA. If necessary, you can verify

c. Select Complex Spectrum in the (and select) both by pressing
Measurement column. the MODE/MEAS key.

d. Tap OK at the bottom of the display.

4 Preset the analyzer. a. Press the Mode Preset key.

186



Step

IQ Analyzer Measurement
Complex Spectrum Measurement

Action Notes

Mode Preset does not preset all settings in the analyzer. For a more
complete preset, tap Restore Mode Defaults and Input/Output Preset
in the Preset menu.

5 Turn on the signal

generator’s RF
output.

a. Turn ON the RF output on the signal

generator.

6 Set the

measurement center
frequency on the

analyzer.

a. Press the FREQ key.

b. In the menu panel, double tap Center
Frequency and enter 1.96 GHz.

7 Set the
measurement
span/analysis
bandwidth.

a. Double tap Span and enter 10 MHz.

See Figure 11-1.

The measurement results show an FFT-derived spectrum in the upper window and an 1Q Waveform in the lower window. The
active window is outlined in blue. You can tap a window to activate it. Pinch open to zoom in to observe more details of the
signal. Pinch close to zoom out.

Figure 11-1

1Q Analyzer 1
Complex Spectrum ! +

KEYSIGHT _input: RF
Q Coupling: AC

Bus Out- Off

Spectrum
Scale/Div 10.00 dB

[Center 1.96 GHz
1Q Waveform
Scale/Div 100.0 mV

0.000s
Digital IF BW 10.000 MHz

@0 m?

Ext Gain: 0.00 dB

Spectrum and 1/Q Waveform (Span 10 MHz)

Input Z: 50 O
Comections: Off

Atten: 10 dB (e0)
Int Preamp: Off
Freq Ref: Sense, Int LNP: Not Enabled
Align: Auto

Trig: Free Run PNO: Best Wide

IF Gain: Low

Center Freq: 1.960000000 GHz
Avg Type: Log-Pwr Avg
Avg|Hold:>25/25

Ref Value 0.00 dBm

Ref Value 0.0V

Scale/Div 1.885 ps

Sep 08,
11:58:46 Al

Center Frequency Settings
1.960000000 GHz

Span

10.000 MHz

Frequency
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Step Action Notes

8 Increase the a. Double tap Span and enter 25 MHz. See Figure 11-2.
measurement
span/analysis

bandwidth.

Figure 11-2 Spectrum and I/Q Waveform with a 25 MHz Span

1Q Analyzer 1 ﬁ
Complex Spectrum |+ Frequency
KEYSIGHT |Input: RF Input Z: 50 O Atten: 10 dB (e0) Trig: Free Run PNO: Best Wide Center Freq: 1.960000000 GHz Centor i
Q Coupling: AC Cormections: Off Int Preamp: Off IF Gain: Low Avg Type: Log-Pwr Avg ks I LEng] Settings
Ext Gain: 0.00dB  Freq Ref: Sense, Int LNP: Not Enabled Avg|Hold:>25/25 1.960000000 GHz
Bus Out: Off Align: Auto
Span
25000 MHz

Spectrum

Scale/Div 10.00 dB Ref Value 0.00 dBm

1Q Waveform
Scale/Div 100.0 mV Ref Value 0.0V

0.000s Scale/Div 754.1 ns
Digital IF BW 25.000 MHz Acg Time 7.5415 ps (236 pts|
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1Q Waveform (Time Domain) Measurement

This section explains how to make a waveform (time domain) measurement on
a W-CDMA signal. A signal generator is used to simulate a base station. The
analysis of I and Q modulated waveforms in the time domain provides a view of
the RF signal envelope with power versus time or an I1Q waveform of voltage

versus time.
Step Action Notes
1 Set up the signal a. Set the mode to W-CDMA 3GPP with 4
source. carriers.

b. Set the frequency of the signal source to
1.96 GHz.

c. Set the source amplitude to -20 dBm.

2 Connect the source RF OUTPUT to the analyzer RF INPUT as shown.
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Signal Analyzer

3 Preset the analyzer.  a. Press the Mode Preset key.

Mode Preset does not preset all settings in the analyzer. For a more
complete preset, tap Restore Mode Defaults and Input/Output
Preset in the Preset menu.

4 Turn on the signal a. Turn ON the RF output on the signal
generator’s RF generator.
output.
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IQ Waveform (Time Domain) Measurement

Step

Action

Notes

5

On the analyzer,
select the

a.

Press the MODE/MEAS key.

The default Mode and
Measurement of the analyzer

Mode/Measurement b. Sellect IQ Analyzer (Basic) in the Mode is Spectrum Analyzer and
/View. cotumn. Swept SA. If necessary, you
c. Select I/Q Waveform in the can verify (and select) both by
Measurement column. pressing the MODE/MEAS
key.
d. Select RF Envelope from the View Y
column.
e. Tap OK at the bottom of the display.
6 Setthe a. Press the FREQ key.

measurement center
frequency.

. In the menu panel, double tap Center

Frequency and enter 1.96 GHz.

7

190

Set the analysis
bandwidth.

()

. Press the BW key.
. In the menu panel, double tap Digital IF

BW and enter 10 MHz.
Tap Filter Type and select Gaussian.

See Figure 11-3.



IQ Analyzer Measurement
IQ Waveform (Time Domain) Measurement

Step Action Notes

The measurement results show the RF signal envelope with power versus time in the upper window and the metrics in the
lower text window.

Figure 11-3 IQ Waveform Measurement - RF Envelope View (10 MHz BW)

1Q Analyzer 1
1Q Waveform v +

KEYSIGHT |Input: RF Input Z: 50 O Atten: 10 dB (e0) Trig: Free Run PNO: Best Wide Center Freq: 1.960000000 GHz

Coupling: AC Cormections: Off Int Preamp: Off IF Gain: Low Avg Type: Power Digital IF BW
Ext Gain: 0.00 dB  |[Freq Ref: Sense, Int LNP: Not Enabled 10.000 MHz
Bus Out: Off Align: Auto

Filter Type

RF Envelope [ —

Scale/Div 10.00 dB Ref Value 10.00 dBm

Filter Alpha
0.20

0.000 s Scale/Div 200.0 ps 2.000 m:
Digital IF BW 10.000 MHz Meas Time 2.0000 ms (25001 pts)

Mean Pwr Current Data
-24.64 dBm
Entire Trace;
d : Max Pt -10.53 dBm

Min Pt -87.49 dBm
1411dB

8 Increase the analysis a. Double tap Digital IF BW and enter 25 See Figure 11-4.
bandwidth. MHz.
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Step Action Notes

Figure 11-4 IQ Waveform Measurement - RF Envelop View (25 MHz BW)

1Q Analyzer 1
+ &

KEYSIGHT |Input: RF Input Z: 50 Q Atten: 10 dB (e0)  Trig: Free Run PNO: Best Wide Center Freq: 1.960000000 GHz —
Q Coupling: AC Corrections: Off Int Preamp: Off IF Gain: Low Avg Type: Power Digital IF BW
Ext Gain: 0.00 dB  |[Freq Ref: Sense, Int LNP: Not Enabled 25.000 MHz
Bus Out: Off Align: Auto

Filter Type
RF Envelope Gaussian v
Scale/Div 10.00 dB Ref Value 10.00 dBm

Filter BW
25,000 MHz
Auto
Man
Filter Alpha
0.20

0.000s Scale/Div 200.0 ps 2.000 m:
Digital IF BW 25.000 MHz Meas Time 2.0000 ms (62501 pts)

Mean Pwr Current Data
-21.51dBm
Entire Trace;
L¢ ) Max Pt -4.534 dBm

Min Pt -87.00 dBm
16.98 dB

9 View the IQ a. Press the MODE/MEAS key.
Waveform. b. Select IQ Analyzer (Basic) in the Mode
column.

c. Select I/Q Waveform in the
Measurement column.

d. Select I/Q Waveform in the View
column.

e. Tap OK button at the bottom of the
display.

10Set the time scale. a. Press the SWEEP key.
b. In the menu panel, select X Scale.

c. Double tap Scale/Div and enter 200 ns.

11Enable markers. a. Press the Marker key See Figure 11-5.
b. Select the Properties tab.
c. Tap Marker Trace and select Real (I).
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Step Action Notes
Figure 11-5 IQ Waveform Measurement - 1Q Waveform view
+ 3 v

KEYSIGHT |Input: RF Input Z: 50 Q Atten: 10 dB (e0)  Trig: Free Run PNO: Best Wide Center Freq: 1.960000000 GHz Select Marker
Coupling: AC Comections: Off Int Preamp: Off IF Gain: Low Avg Type: Power
Exi Gain'000dB  [Freq Ref Sense, Int LNP: Not Enabled Marker 1
Bus Out: Off Align: Auto

3 Marker Time
1Q Waveform Mkr1 1.000000000 ms| |}y 500000000 ms
Scale/Div 100.0 mV Ref Value 0.000 V I:11.724 mV Q: 11.217 mV|
Relative To
Marker 2 v
Marker Trace
Real (1) A
< Marker Settings
Diagram

0.000s Scale/Div 200.00 ns
Digital IF BW 25.000 MHz

Properties
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12 Concepts

Resolving Closely Spaced Signals

Resolving Signals of Equal Amplitude

Two equal-amplitude input signals that are close in frequency can appear as a
single signal trace on the analyzer display. Changing the bandwidth of the
analyzer’s intermediate frequency (IF) filter (typically referred to as the
resolution bandwidth or RBW filter) can help resolve these signals and make
them visible on the display. As you change the IF filter bandwidth, you change
the width of the displayed response. If a wide filter is used and two
equal-amplitude input signals are close enough in frequency, then the two
signals will appear as one signal. If the IF filter is narrowed enough, the two
input signals can be displayed as separate peaks. Thus, signal resolution is
determined by the IF filters in the analyzer.

The bandwidth of the IF filter determines how close together equal amplitude
signals can be and still be distinguished from each other. Resolution
bandwidth (RBW) selects an IF filter setting for a measurement. Typically,
resolution bandwidth is defined as the 3 dB bandwidth of the filter. However,
resolution bandwidth may also be defined as the 6 dB or impulse bandwidth of
the filter.

Generally, to resolve two signals of equal amplitude, the RBW must be less
than or equal to the frequency separation of the two signals. If the bandwidth
is equal to the separation and the video bandwidth is less than the resolution
bandwidth, a dip of approximately 3 dB is seen between the peaks of the two
equal signals, and it is clear that more than one signal is present.

For signal analyzers in swept mode, sweep time is automatically set to a value

that is inversely proportional to the square of the RBW, (1/BW?), to keep the
analyzer measurement calibrated. For example, if the resolution bandwidth is
reduced by a factor of 10, the sweep time is increased by a factor of 100 when
sweep time and bandwidth settings are coupled. For the shortest
measurement times, use the widest resolution bandwidth that still permits
discrimination of all desired signals. Sweep time is also a function of which
detector is in use. Peak and normal detectors sweep as fast or more quickly
than sample or average detectors. The analyzer allows RBW selections up to 8
MHz in 1, 3, 10 steps and it has the flexibility to fine tune RBWs in increments
of 10% for a total of 160 RBW settings.

KEYSIGHT
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For the best sweep times that maintain analyzer calibration, set the sweep time
(Sweep/Control, Sweep Time) to Auto, and the sweep type (Sweep/Control,

Sweep Setup, Sweep Type) to Auto. Use the widest RBW and the narrowest

span that still permits resolution of all desired signals.

Resolving Small Signals Hidden by Large Signals

Figure 12-1

196

To resolve signals that are close together and of different amplitudes, you must
consider the shape of the IF filter of the analyzer, as well as its 3 dB
bandwidth. (See “Resolving Signals of Equal Amplitude” on page 195 for
more information.) The shape, or "selectivity" of a filter, is the ratio of the 60 dB
bandwidth to the 3 dB bandwidth. If a small signal is too close to a larger
signal, the smaller signal can be hidden by the skirt of the larger signal.

To view the smaller signal, select a resolution bandwidth such that k is less
than a (see Figure 12-1). The separation between the two signals (a) must be
greater than half the filter width of the larger signal (k), measured at the
amplitude level of the smaller signal.

The digital filters in the analyzer have filter widths about one-third as wide as
typical analog RBW filters. This enables you to resolve close signals with a
wider RBW (for a faster sweep time).

RBW Requirements for Resolving Small Signals

—— O ———>]
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Trigger Concepts

The trigger functions let you select the trigger settings for a sweep or
measurement. When using a trigger source other than Free Run, the
analyzer will begin a sweep only when the selected trigger conditions are
met. A trigger event is defined as the point at which your trigger source
signal meets the specified trigger level and polarity requirements (if any).
In FFT measurements, the trigger controls when the data is acquired for
FFT conversion.

Selecting a Trigger

1

. Free Run Triggering

Pressing this key, when it is not selected, selects free-run triggering. Free
run triggering occurs immediately after the sweep/measurement is
initiated.

Press Trigger, Free Run
. Video Triggering

When selected, Video Triggering occurs when the video signal (the filtered
and detected version of the input signal, including both RBW and VBW
filtering), crosses the video trigger level. The measurement is made at the
point at which the rising signal crosses the video trigger horizontal green
line on the display.

Press Trigger, Video, Video, Trigger Level, —30, dBm. (If Video trigger was
not previously selected, you must press Video a second time to get to the
Trigger Level function.)

External Triggering

The analyzer’s measurement can be synchronized with a burst or other
event by connecting a trigger signal to the Trigger 1 Inor Trigger 2
In input connector on the rear of the analyzer. The trigger level might
need to be adjusted by rotating the front panel knob or by entering the
numeric value on the keypad.

Press Trigger, External 1 or External 2, Trigger Level, and adjust as
necessary.

RF Burst Wideband Triggering

RF burst triggering occurs in the IF circuitry, as opposed to after the video
detection circuitry with video triggering. When video triggering is used,
the detection filters are limited to the maximum width of the resolution
bandwidth filters. To overcome this limitation, use the RF burst trigger
mode.

Press Trigger, RF Burst.
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5. Line Triggering

Line triggering selects the ac line voltage as the trigger.
Sweep/measurements are started every cycle of the line voltage. Pressing
this key, when it is already selected, accesses the line trigger setup menu.

Press Trigger, Line.

. Periodic Timer Triggering

This feature selects the internal periodic timer signal as the trigger.
Trigger is set by the Periodic Timer parameter, which is modified by the
Sync Source and Offset. Figure 12-2 shows the action of the periodic
timer trigger. Before reviewing the figure, we'll explain some uses for the
periodic trigger.

A common application is measuring periodic burst RF signals for which a
trigger signal is not easily available. For example, we might be measuring
a TDMA radio which bursts every 20 ms. Let's assume that the 20 ms
period is very consistent. Let's also assume that we do not have an
external trigger source available that is synchronized with the period, and
that the signal-to-noise ratio of the signal is not high enough to provide a
clean RF burst trigger at all of the analysis frequencies. For example, we
might want to measure spurious transmissions at an offset from the carrier
that is larger than the bandwidth of the RF burst trigger. In this
application, we can set the Periodic Timer to a 20.00 ms period and adjust
the offset from that timer to position our trigger just where we want it. If
we find that the 20.00 ms is not exactly right, we can adjust the period
slightly to minimize the drift between the period timer and the signal to be
measured.

A second way to use this feature would be to use Sync Source temporarily,
instead of Offset. In this case, we might tune to the signal in a narrow span
and use the RF Burst trigger to synchronize the periodic timer. Then we
would turn the sync source off to avoid false triggering. False triggering
can occur when we are tuned so far away from the RF burst trigger that it
is no longer reliable.

A third example would be to synchronize to a signal that has a reference
time element that has a much longer period than the period of interest. In
some CDMA applications, it is useful to look at signals with a short
periodicity, by synchronizing that periodicity to the “even-second clock”
edge that happens every two seconds. Thus, we could connect the
even-second clock trigger to Ext1 and then use Ext1 as the sync source for
the periodic timer.

The figure below illustrates this third example. The top trace represents
the even-second clock. It causes the periodic timer to synchronize with
the leading edge shown. The analyzer trigger occurs at a time delayed by
the accumulated offset from the period trigger event. The periodic timer
continues to run, and triggers continue to occur, with a periodicity
determined by the analyzer time base. The timer output (labeled “late
event”) will drift away from its ideal time due to imperfect matching
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between the time base of the signal being measured and the time base of
the analyzer, and also because of imperfect setting of the period
parameter. But the synchronization is restored on the next even-second
clock event. (“Accumulated offset” is described in the in the Offset
function section.)

Frame Triggering

Ext 1
Even-second Clock

1 |

Late Event
Period é ‘\ n

-
N T

Trigger : 1

—
———

———~b 1— Accumulated Offset

mxa-frame_trigger

a. Period

Sets the period of the internal periodic timer clock. For digital
communications signals, this is usually set to the frame period of
your current input signal. If the sync source is not set to OFF, and
the external sync source rate is changed for some reason, the
periodic timer is synchronized at the every external synchronization
pulse by resetting the internal state of the timer circuit.

Press Trigger, Periodic Timer.

b. Offset

Adjusts the accumulated offset between the periodic timer events
and the trigger event. Adjusting the accumulated offset is different
than setting an offset, as explained below.

The periodic timer is usually unsynchronized with external events.
Since the timing relative to external events (RF signals) is important,
you need to be able to adjust (offset) it. However, you can’t see
directly when the periodic timer events occur. All you can see is the
trigger timing. When you adjust the trigger timing, you change the
internal offset between the periodic timer events and the trigger
event. The absolute value of the internal offset is unknown, and can
be called the accumulated offset. Whenever the Offset parameter is
changed, the accumulated offset is changed. The displayed offset
can be changed by using Reset Offset Display. Changing the
display does not change the value of the accumulated offset, and
additional changes can still be made to the accumulated offset.

Press Trigger, Periodic Timer.
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c. Reset Offset Display

Resets the value of the periodic trigger offset display setting to 0.0
seconds. The current displayed trigger location may include an
offset value defined with the Offset key. Pressing this key redefines
the currently displayed trigger location as the new trigger point that
is 0.0 s offset. The Offset key can then be used to add offset relative
to this new timing

Press Trigger, Periodic Timer.
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Time Gating Concepts

Introduction: Using Time Gating on a Simplified Digital Radio Signal

Figure 12-3

Figure 12-4

This section describes the concepts of using time gating on a simplified digital
radio signal. The section on Making Time-Gated Measurements demonstrates
time gating examples.

Figure 12-3 shows a signal with two radios, radio 1 and radio 2, that are
time-sharing a single frequency channel. Radio T transmits for T ms then
radio 2 transmits for T ms.

Simplified Digital Mobile-Radio Signal in the Time Domain

We want to measure the unique frequency spectrum of each transmitter.

A signal analyzer without time gating cannot do this. By the time the signal
analyzer has completed its measurement sweep, which lasts about 50 ms, the
radio transmissions switch back and forth 25 times. Because the radios are
both transmitting at the same frequency, their frequency spectra overlap, as
shown in Figure 12-4 The signal analyzer shows the combined spectrum; you
cannot tell which part of the spectrum results from which signal.

Frequency Spectra of the Combined Radio Signals

W ,
ot |
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Time gating allows you to see the separate spectrum of radio 1 or radio 2 to
determine the source of a spurious signal, as shown in Figure 12-5 and

Figure 12-6.
Figure 12-5 Time-Gated Spectrum of Radio 1
| \\Wk
»_-—-—F"“/ ' [ L“"“‘"HH
Figure 12-6 Time-Gated Spectrum of Radio 2

i HW FMM”"" -
Time gating lets you define a time window (or time gate) of when a

measurement is performed. This lets you specify the part of a signal that you
want to measure, and exclude or mask other signals that might interfere.
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How Time Gating Works

Time gating is achieved by selectively interrupting the path of the detected
signal with a gate, as shown in Figure 12-8 and Figure 12-9. The gate
determines when the analyzer captures measurement data. When the gate is
turned “on,” under the Gate menu, the signal is being passed, and when the
gate is “off,” the signal is blocked. Ideally, the analyzer measures only those
signals at its input when the gate is on. With the correct signal analyzer
settings, all other signals are masked out.

There are typically two main types of gate events, edge and level:

— Edge Gating The gate is triggered by selecting either the rising or falling
edge of a trigger signal, typically an external periodic TTL signal that rises
and falls synchronously with the rise and fall of the pulsed radio signal.

— The gate is further controlled by setting the gate delay and gate length
parameters (see Figure 12-7). The gate passes a signal on the edge of the
trigger signal after the set gate delay time, and blocks the signal at the end
of the gate length.

— With Level Gating, the gate passes a signal when the gate signal meets the
specified level (high or low). The gate blocks the signal when the level
conditions are no longer satisfied (level gating does not use gate length or
gate delay parameters).

Figure 12-7 Edge Trigger Timing Relationships
Positive Edge Trigger Negative Edge Trigger

Signal

Trigger J
|
I
I

|
|
Gate |

I S i .
| f¢— Delay —je—NoDelay —»| f¢— Delay ——}«— No Delay
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Keysight signal analyzers use three different methods for time gating: gated
video, gated LO, and gated FFT.

Gated Video Concepts

Gated video may be thought of as a simple gate switch, which connects the
signal to the input of the signal analyzer. When the gate is “on” (under the Gate
menu) the gate is passing a signal. When the gate is “off,” the gate is blocking
the signal. Whenever the gate is passing a signal, the analyzer sees the signal.
In Figure 12-8 notice that the gate is placed after the envelope detector and
before the video bandwidth filter in the IF path (hence “gated video”).

Gating occurs after the RF section of the signal analyzer, before video
processing. Consequently, there are some limitations on the gate settings
because of signal response times in the RF signal path.

With video gating, the analyzer is continually sweeping, independent of the
position and length of the gate. There is a minimum sweep time (see the sweep
time calculations later in this chapter) necessary to capture the signal when
the gate is passing a signal. Because of this, video gating is typically slower
than gated LO and gated FFT.

Figure 12-8 Gated Video Signal Analyzer Block Diagram
" Video
RF IF resolution Envelope )
step . pondwidth IF log detector ]lc:i)ﬁoer:dmd’rh Peckisample  Anclog-digital
o attenuator  Mixer fitter amplfier  (IF to video) detector converer
| > |>| *.
input /\ | o} N —
Gate A
Y
W <€ ' Display logic
LOCQ' Scan generator +
oscillator

A

Gated LO Concepts

Gated LO is a very sophisticated type of gating that sweeps the LO only while
the gate is “on” and the gate is passing a signal. See Figure 12-9 for a
simplified block diagram of gated LO operation. Notice that the gate control
signal controls when the scan generator is sweeping and when the gate passes
or blocks a signal. This allows the analyzer to sweep only during periods when
the gate passes a signal. Gated LO is faster than Gated Video because Gated
Video constrains sweep time so that each point is long enough to include a
burst event. In Gated LO, multiple points may be swept during each gate.

Display
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Gated LO Signal Analyzer Block Diagram
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Gated FFT Concepts

Gated FFT (Fast-Fourier Transform) is an FFT measurement which begins when
the trigger conditions are satisfied.

Processing a spectrum measurement with FFTs is inherently a “gated” process,
because the spectrum is computed from a time record of short duration, much
like a gate signal in swept-gated analysis.

Using the analyzer in FFT mode, the duration of the time record to be gated is:

FFT Time Record (to be gated) = %V

The duration of the time record is within a tolerance of approximately 3% for
resolution bandwidths up through T MHz. Unlike swept gated analysis, the
duration of the analysis in gated FFT is fixed by the RBW, not by the gate
signal. Because FFT analysis is faster than swept analysis (up to 7.99 MHz), the
gated FFT measurements can have better frequency resolution (a narrower
RBW) than swept analysis for a given duration of the signal to be analyzed.
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Gated FFT Timing Diagram
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Time Gating Basics (Gated LO and Gated Video)

The gate parameters are the following:

— Trigger condition - Usually an external transistor-transistor logic (TTL)
periodic signal for edge triggering or a high/low TTL signal for level

triggering.

— Gate delay - The time after the trigger condition occurs before the gate
starts to pass a signal.

— Gate length - The duration the signal is allowed to pass.

To understand time gating better, consider a spectrum measurement
performed on two pulsed-RF signals sharing the same frequency spectrum.
Consider the timing interaction of three signals with this example:

— The composite of the two pulsed-RF signals.

— The gate trigger signal (a periodic TTL level signal).
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— The gate signal. This TTL signal is low when the gate is “off” (blocking) and
high when the gate is “on” (passing).

The timing interactions between the three signals are best understood if they
are observed in the time domain (see Figure 12-11).

The main goal is to measure the spectrum of signal 1 and determine if it has
any low-level modulation or spurious signals.

Because the pulse trains of signal T and signal 2 have almost the same carrier
frequency, their spectra overlap. Signal 2 dominates in the frequency domain
due to its greater amplitude. Without gating, the spectrum of signal 1 isn’t
visible; it is masked by signal 2.

To measure signal 1, the gate must be on only during the pulses from signal 1.
The gate will be off at all other times, thus excluding all other signals. To
position the gate, set the gate delay and gate length, as shown in Figure
12-11, so that the gate is on only during some central part of the pulse.
Carefully avoid positioning the gate over the rising or falling pulse edges.
When gating is activated, the gate output signal will indicate actual gate
position in time, as shown in the line labeled “Gate.”

Timing Relationship of Signals During Gating

# #2 #1 #2

Signal

Trigger | |
+—l |

| PP
| Gate | Gate
I Deléay | Delay
Gate (D) (D)
Gate Gate
Length Length
L L

Once the signal analyzer is set up to perform the gate measurement, the
spectrum of signal 1 is visible and the spectrum of signal 2 is excluded, as
shown if Figure 12-13 In addition, when viewing signal 1, you also will have
eliminated the pulse spectrum generated from the pulse edges. Gating has
allowed you to view spectral components that otherwise would be hidden.
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Figure 12-13

Figure 12-14
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Signal Within Pulse #1 (Time-Domain View)

#1

i aj15%e

Using Time Gating to View Signal 1 (spectrum view)
£

FM%M MW

Moving the gate so that it is positioned over the middle of signal 2 produces a
result as shown in Figure 12-15 Here, you see only the spectrum within the
pulses of signal 2; signal 1 is excluded.

Signal Within Pulse #2 (Time-Domain View)

#2

l aj160e
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Using Time Gating to View Signal 2 (spectrum view)
£
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Measuring a Complex/Unknown Signal

Step 1.

The steps below help to determine the signal analyzer settings when
using time gating. The steps apply to the gated LO and gated video time
gating.

This example describes how to use time gating to measure a very specific
signal. Most signals requiring time gating are fairly complex and in some
cases extra steps may be required to perform a measurement.

Determine how the signal under test appears in the time domain and how it
can be synchronized to the trigger signal.

This helps you determine the delay of the gate relative to the trigger signal

To set the delay, you must know the timing relationship between the trigger
and the signal under test. If you don’t know how the two signals look in the
time domain, you can examine the signals with an oscilloscope to determine
the following parameters:

— Trigger type (edge or level triggering)

— Pulse repetition interval (PRI), which is the length of time between trigger
events (the trigger period).

— Pulse width, or 1, of the signal under test.

— Signal delay (SD), which is the length of time occurring between the trigger
event and when the signal is present and stable. If the trigger occurs at the
same time as the signal, signal delay will be zero.
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Figure 12-16 Time-domain Parameters
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In Figure 12-16, the parameters are:
— Pulse repetition interval (PRI) is 5 ms.
— Pulse width (1) is 3 ms.
— Signal delay (SD) is 1 ms for positive edge trigger (0.6 ms for negative edge
trigger).
— Gate delay (D) is 2.5 ms.
— Setup time (SUT) is 1.5 ms.
Step 2. Set the signal analyzer sweep time:
Gated LO: Sweep time does not affect the results of gated LO unless the
sweep time is set too fast. In the event the sweep time is set too fast, Meas
Uncal is displayed, indicating the sweep time needs to be increased.
Gated Video: Sweep time does affect the results from gated video. The sweep
time must be set accordingly for correct time gating results. The
recommended sweep time is at least the number of sweep points - 1
multiplied by the PRI (pulse repetition interval). Measurements can be made
with sweep times as fast as (sweep points-1)*(PRI-1).
Step 3. Locate the signal under test on the display of the signal analyzer. Set the

210

center frequency and span to view the signal characteristics that you are
interested in measuring. Although the analyzer is not yet configured for
correct gated measurements, you will want to determine the approximate
frequency and span in which to display the signal of interest. If the signal is



Step 4.

Figure 12-17
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erratic or intermittent, you can hold the maximum value of the signal with
Max Hold (located under the Trace/Detector menu) to determine the
frequency of peak energy.

To optimize measurement speed in Gated LO, set the span narrow enough so
that the signal characteristics you want to measure are displayed. For
example, if you want to look for spurious signals within a 200 kHz range, set
the frequency span to just over 200 kHz.

Determine the setup time and signal delay to set up the gate signal. Turn on
the gate and adjust the gate parameters including gate delay and gate length
as shown below.

Generally, the gate should be positioned over a part of the signal that is
stable, not over a pulse edge or other transition that might disturb the
spectrum. Starting the gate at the center of the pulse gives a setup time of
about half the pulse width. Setup time describes the length of time during
which that signal is present and stable before the gate comes on. The setup
time (SUT) must be long enough for the RBW filters to settle following the
burst-on transients. Signal delay (SD) is the length of time after the trigger,
but before the signal of interest occurs and becomes stable. If the trigger
occurs simultaneously with the signal of interest, SD is equal to zero, and SUT
is equal to the gate delay. Otherwise, SUT is equal to the gate delay minus
SD. See Figure 12-17.

Positioning the Gate

T

Signal

:UUUUUUUUUUUUUUUUUU

' T12 | I

| g T/4 |

There is flexibility in positioning the gate, but some positions offer a wider
choice of resolution bandwidths. As a starting point, position the gate
between 20 % to 90 % of the burst width. This provides a reasonable

compromise between setup time and gate length.
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Figure 12-19
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Best Position for Gate

Signal
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Bad Bad Acceptable Best

Generally, the best measurement results are obtained if you position the gate
relatively late within the signal of interest, but without extending the gate
over the trailing pulse edge or signal transition. Doing so maximizes setup
time and provides the resolution bandwidth filters of the signal analyzer the
most time to settle before a gated measurement is made. “Relatively late,” in
this case, means allowing a setup time of at least 3.84/resolution bandwidth
(see step 5 for RBW calculations).

As an example, if you want to use a 1 kHz RBW for measurements, you need
to allow a setup time of at least 3.84 ms.

Note that the signal does not need to be an RF pulse. It could be simply a
particular period of modulation in a signal that is continuously operating at
full power, or it could even be during the off time between pulses. Depending
on your specific application, adjust the gate position to allow for
progressively longer setup times (ensuring that the gate is not left on over
another signal change such as a pulse edge or transient), and select the gate
delay and length that offer the best representation of the signal
characteristics of interest on the display.

To measure the spectrum between pulses, use the same (or longer) setup
time after the pulse ends, but before the gate goes on. This lets the RBW
filters fully discharge the large pulse before the measurement is made on the
low-level interpulse signal.

Setup Time for Interpulse Measurement

SUT

£

Step 5. The resolution bandwidth must be adjusted for gated LO and gated video.
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The video bandwidth only needs to be adjusted for gated video.
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Resolution Band wid th:

The choice of RBW is determined by the gate position, so you can trade-off
longer setup times for narrower resolution bandwidths. This trade-off is due
to the time required for the resolution bandwidth filters to fully charge before
the gate opens. Recall that setup time is the length of time that the signal is
present and stable before the gate comes on.

Figure 12-20 Resolution Bandwidth Filter Charge-Up Effects
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RBW Filter |
Charging

No Response 1.28/RBW----»  |a-|
50 % Response 2.56/RBW----: »I |
100 % Response 3.84/RBW---- »

The resolution-bandwidth filters are band-limited devices, so consequently
require a finite amount of time to react to changing conditions. Specifically,
the filters take time to charge fully after the analyzer is exposed to a pulsed
signal.

Because setup time should be greater than filter charge times, be sure that:
S 3.84

where SUT is the same as the gate delay in this example. In this example with
SUT equal to 1.5 ms, RBW is greater than 2.56 kHz; that is, RBW is greater
than 1333 Hz. The resolution bandwidth should be set to the next larger
value, 2.7 kHz.

Video Band wid th:

For gated LO measurements, the VBW filter tracks-and-holds between
sweep times. With this behavior, the VBW does not need to resettle on each
restart of the sweep.

Step 6. Adjust the span as necessary, and perform your measurement.
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The analyzer is set up to perform accurate measurements. Freeze the trace
data by activating single sweep, or by placing your active trace in view mode.
Use the markers to measure the signal parameters you chose in step 1. If
necessary, adjust span, but do not decrease resolution bandwidth, video
bandwidth, or sweep time.

Quick Rules for Making Time-Gated Measurements

This section summarizes the rules described in the previous sections.

Table 12-1 Determining Signal Analyzer Settings for Viewing a Pulsed RF Signal

Signal Analyzer | Signal Analyzer Setting Comments

Function

Sweep Time Set the sweep time to be equal to or Because the gate must be on at least once per

(gated video only) | greater than trace point, the sweep time should be set such that
(number of sweep points - 1) x pulse the svve[etp ttiﬂwe folr each trtgtge ppitnt is ?reater than
repetition interval (PRI): or equal to the pulse repetition interval.

Gate Delay The gate delay is equal to the signal The gate delay must be set so that the gating

delay plus one-fourth the pulse width:

Gate Delay = Signal Delay +t/5

captures the pulse. If the gate delay is too short or
too long, the gating can miss the pulse or include
resolution bandwidth transient responses.

Gate Length

The gate length minimum is equal to
one-fourth the pulse width (maximum
about one-half):

Gate Length =0.7 x t/4

If the gate length is too long, the signal display can
include transients caused by the signal analyzer
filters.

The recommendation for gate placement can be
between 20 % to 90 % of the pulse width.

Resolution
Bandwidth

Set the resolution bandwidth:
RBW > 19.5/t

The resolution bandwidth must be wide enough so
that the charging time for the resolution bandwidth
filters is less than the pulse width of the signal.
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Figure 12-21 Gate Positioning Parameters
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Most control settings are determined by two key parameters of the signal
under test: the pulse repetition interval (PRI) and the pulse width (1). If you
know these parameters, you can begin by picking some standard settings.
Table 12-2 summarizes the parameters for a signal whose trigger event occurs
at the same time as the beginning of the pulse (in other words, SD is 0). If your
signal has a non-zero delay, just add it to the recommended gate delay.
Table 12-2 Suggested Initial Settings for Known Pulse Width (t) and Zero Signal Delay
Pulse width (1) Gate Delay Resolution Bandwidth (>19.5/1) | Gate Length
(SD +1/5) (0.7 x t/4)
4 us 0.8 s 4.875 MHz 0.7 us
10 us 2 us 1.95 MHz 1.753 us
50 us 10 us 390 kHz 8.75 us
63.5 us 12.7 us 307 kHz 1111 ps
100 ps 20 us 195 kHz 17.5us
500 ps 100 us 39 kHz 87.5 us
1ms 200 us 19.5 kHz 0.175 us
5ms 1ms 3.9kHz 0.875 ms
10 ms 2ms 1.95 kHz 1.75 ms
16.6 ms 3.32 ms 1.175kHz 2.905 ms
33 ms 6.6 ms 591 Hz 5.775ms
50 ms 10 ms 390 Hz 8.75ms
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Table 12-2 Suggested Initial Settings for Known Pulse Width (t) and Zero Signal Delay
Pulse width (1) Gate Delay Resolution Bandwidth (>19.5/t) | Gate Length
(SD +/5) (0.7 x t/4)
100 ms 20 ms 195 Hz 17.5ms
2130 ms 26 ms 157 Hz 22.75ms
Table 12-3 If You Have a Problem with Time-Gated Measurement
Symptom Possible Causes Suggested Solution

Erratic analyzer trace with
dropouts that are not removed by
increasing analyzer sweep time;
oscilloscope view of gate output
signal jumps erratically in time
domain.

Gate Delay may be greater than
trigger repetition interval.

Reduce Gate Delay untilitis less than trigger
interval.

Check Gate View to make sure the gate
delay is timed properly.

Gate does not trigger.

1) Gate trigger voltage may be
wrong.

2) Gate may not be activated.

3) Gate Source selection may
be wrong.

With external gate trigger: ensure that the
trigger threshold is set near the midpoint of
the waveform (view the waveform on and
oscilloscope using high inputimpedance, not
50 Q).

With RF Burst Gate Source: ensure that the
start and stop frequencies are within 10 MHz
of the center frequency of the carrier.

Check to see if other connections to trigger
signal may be reducing voltage. If using an
oscilloscope, check that all inputs are high
impedance, not 50 Q.

Display spectrum does not change
when the gate is turned on.

Insufficient setup time.

Increase setup time for the current resolution
bandwidth, or increase resolution
bandwidth.

Displayed spectrum too low in
amplitude.

Resolution bandwidth or video
bandwidth filters nat charging
fully.

Widen resolution bandwidth or video
bandwidth, or both.
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Using the Edge Mode or Level Mode for Triggering

Figure 12-22

Signal

Trigger

Gate

Depending on the trigger signal that you are working with, you can trigger the
gate in one of two separate modes: edge or level. This gate-trigger function is
separate from the normal external trigger capability of the signal analyzer,
which initiates a sweep of a measurement trace based on an external signal.

Edge Mode

Edge mode lets you position the gate relative to either the rising or falling edge
of a trigger signal. The left diagram of Figure 12-22 shows triggering on the
positive edge of the trigger signal while the right diagram shows negative edge
triggering.

Example of key presses to initiate positive edge triggering:
Press Sweep, Gate, More, Polarity (Pos).

Using Positive or Negative Edge Triggering

Positive Edge Trigger Negative Edge Trigger

!

i

W.

| f¢— Delay —je—NoDelay —»| f¢— Delay ——}«— No Delay

Level Mode

In level gate-control mode, an external trigger signal opens and closes the
gate. Either the TTL high level or TTL low level opens the gate, depending on
the setting of Trig Slope. Gate delay affects the start of the gate but not the
end. Gate length is applicable when using level mode triggering. Level mode is
useful when your trigger signal occurs at exactly the same time as does the
portion of the signal you want to measure.
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Noise Measurements Using Time Gating

Time gating can be used to measure many types of signals. Noise and
noise-like signals are often a special case in spectrum analysis. With the
history of gated measurements, these signals are especially noteworthy.

The average detector is the best detector to use for measuring noise-like
signals because it uses all the available noise power all the time in its
measurement. The sample detector is also a good choice because it, too, is
free from the peak biases of the peak detector, normal and negative peak
detectors.

When using the average or sample detector, noise density measurements
using the noise marker or band/interval density marker can be made without
any consideration of the use of gating--gated measurements work just as well
as non-gated measurements. Thus, the average detector is recommended for
noise density measurements.

Older analyzers only had the gated video version of gating available, and these
only worked with the peak detector, so the rest of this section will discuss the
trade-offs associated with trying to replicate these measurements with an
X-Series analyzer.

Unlike older analyzers, X-Series analyzers can make competent measurements
of noise density using the noise marker with all detectors, not just those that
are ideal for noise measurements. Thus, X-Series analyzers can make noise
density measurements with peak detection, compensating for the extent to
which peak detection increases the average response of the analyzer to noise.
When comparing a gated video measurement using the noise marker between
an X-Series and an older analyzer where both use the peak detector, the
X-Series answer will be approximately correct, while the older analyzer will
need a correction factor. That correction factor is discussed in Keysight
Technologies Application Note 1303, Spectrum Analyzer Measurements and
Noise, in the section on Peak-detected Noise and TDMA ACP Measurements.

When making measurements of Band/Interval Power or Band/Interval Density,
the analyzer does not make compensations for peak detection. For best
measurements with these marker functions, average or sample detection
should be used.
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AM and FM Demodulation Concepts

Demodulating an AM Signal Using the Analyzer as a Fixed-Tuned Receiver
(Time-Domain)

The zero span mode can be used to recover amplitude modulation on a carrier
signal.

The following functions establish a clear display of the waveform:

Triggering stabilizes the waveform trace by triggering on the modulation
envelope. If the modulation of the signal is stable, video trigger
synchronizes the sweep with the demodulated waveform.

Linear display mode should be used in amplitude modulation (AM)
measurements to avoid distortion caused by the logarithmic amplifier when
demodulating signals.

Sweep time to view the rate of the AM signal.

RBW and VBW are selected according to the signal bandwidth.

Demodulating an FM Signal Using the Analyzer as a Fixed-Tuned Receiver
(Time-Domain)

Figure 12-23

To recover the frequency modulated signal, a spectrum analyzer can be used
as a manually tuned receiver (zero span). However, in contrast to AM, the
signal is not tuned into the passband center, but to one slope of the filter curve
as shown in Figure 12-23.

Determining FM Parameters Using FM to AM Conversion

A Frequency Response
of the IF_Filter

A

AM Signal

2Af Peak
FM Signal

Here the frequency variations of the FM signal are converted into amplitude
variations (FM to AM conversion) utilizing the slope of the selected bandwidth
filter. The reason we want to measure the AM component is that the envelope
detector responds only to AM variations. There are no changes in amplitude if
the frequency changes of the FM signal are limited to the flat part of the RBW
(IF filter). The resultant AM signal is then detected with the envelope detector
and displayed in the time domain.
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Purpose

IQ Analysis (Basic) mode is used to capture complex time domain data from
wide bandwidth RF signals. This mode preserves the instantaneous vector
relationships of time, frequency, phase and amplitude contained within the
selected digitizer span or analysis BW, at the analyzer's center frequency, for
output as IQ data. This IQ data can then be utilized internally or output over
LAN, USB or GPIB for use with external analysis tools. Each measurement
description specifies the types of data available remotely for that
measurement.

Within the IQ Analyzer mode, basic frequency domain, time domain and 1Q
measurements are available as initial signal and data verification tools in
preparation for deriving the 1Q data output. This is accomplished using the
Complex Spectrum and 1Q Waveform measurements. Although Complex
Spectrum and IQ Waveform are defined as measurements in the 1Q Analyzer
(Basic) mode, they act primarily as tools to verify the signals and data as stated
above.

Complex Spectrum Measurement

Purpose

This measurement is FFT (Fast Fourier Transform) based. The FFT-specific
parameters are located in the Advanced menu. The Complex Spectrum
measurement provides a display in the upper window of power versus
frequency with current (yellow trace) and average (blue trace) data. In addition,
an |Q waveform of voltage versus time is provided in the lower window. One
advantage of having an I/Q view available while in the spectrum measurement
is that it allows you to view complex components of the same signal without
changing settings or measurements.

Measurement Method

The measurement uses digital signal processing to sample the input signal and
convert it to the frequency domain. With the instrument tuned to a fixed center
frequency, samples are digitized at a high rate, converted to | and Q
components with DSP hardware, and then converted to the frequency domain
with FFT software.

Troubleshooting Hints

Changes made by the user to advanced spectrum settings, particularly to ADC
range settings, can inadvertently result in spectrum measurements that are
invalid and cause error messages to appear. Care needs to be taken when
using advanced features.
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|Q Waveform Measurement

Purpose

The IQ Waveform measurement provides a time domain view of the RF signal
envelope with power versus time or an 1Q waveform with the | and @ signal
waveforms in parameters of voltage versus time. The RF Envelope view
provides the power verses time display, and the I/Q Waveform view provides
the voltage versus time display. One advantage of having an I/Q Waveform
view available while making a waveform measurement is that it allows you to
view complex components of the same signal without changing settings or
measurements.

The waveform measurement can be used to perform general purpose power
measurements in the time domain with excellent accuracy.

Measurement Method

The instrument makes repeated power measurements at a set frequency,
similar to the way a swept-tuned signal analyzer makes zero span
measurements. The input analog signal is converted to a digital signal, which
then is processed into a representation of a waveform measurement. The
measurement relies on a high rate of sampling to create an accurate
representation of a time domain signal.
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Purpose

Spurious signals can be caused by different combinations of signals in the
transmitter. The spurious emissions from the transmitter should be minimized
to guarantee minimum interference with other frequency channels in the
system. Harmonics are distortion products caused by nonlinear behavior in the
transmitter. They are integer multiples of the transmitted signal carrier
frequency.

This measurement verifies the frequency ranges of interest are free of
interference by measuring the spurious signals specified by the user defined
range table.

Measurement Method

Table-driven measurement has the flexibility to set up custom parameters such
as frequency, span, resolution bandwidth, and video bandwidth. Up to the top
40 spurs can be viewed.

For each range that you specify and activate, the analyzer scans the band
using the specified Range Table settings. Then using the Peak Excursion and
Peak Threshold values, determines which spurs to report.

As each band is swept, any signal which is above the Peak Threshold value and
has a peak excursion of greater than the Peak Excursion value will be added to
a list of spurs displayed in the lower results window. A total of 200 spurs can be
recorded for one measurement, with a limit of 10 spurs per frequency range. To
improve repeatability, you can increase the number of averages.

From the spurs in the list, those with peak amplitude greater than the Absolute
Limit for that range will be logged as a measurement failure and denoted by an
'Fin the '"Amplitude' column of the table. If no spurs are reported, but the
measured trace exceeds the limit line for any range, the fail flag is set to fail.

This measurement has the ability to display two traces using different
detectors on the display simultaneously. All spur detection and limit line
testing are only applied to the trace associated with Detector 1, which will be
colored yellow. The trace associated with Detector 2 will be colored cyan.

If the sweep time for the range exceeds 2 seconds, a flashing message
“Sweeping...Please Wait” will appear in the annunciator area. This advises you
that the time to complete the sweep is between 2 and 2000 seconds, and is
used as without it the display would appear stagnant and you may think the
measurement is not functional.
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Spectrum Emission Mask Measurement Concepts

Purpose

The Spectrum Emission Mask measurement includes the in-band and
out-of-band spurious emissions. It is the power contained in a specified
frequency bandwidth at certain offsets relative to the total carrier power. It
may also be expressed as a ratio of power spectral densities between the
carrier and the specified offset frequency band.

This spectrum emission mask measurement is a composite measurement of
out-of-channel emissions, combining both in-band and out-of-band
specifications. It provides useful figures-of-merit for the spectral regrowth and
emissions produced by components and circuit blocks, without the rigor of
performing a full spectrum emissions mask measurement.

Measurement Method

The spectrum emission mask measurement measures spurious signal levels in
up to 12 pairs of offset/region frequencies and relates them to the carrier
power.

The integration bandwidth method is used to perform a data acquisition. The
reference channel integration bandwidth (Meas BW) is analyzed using the user
defined resolution bandwidth (Res BW), which is much narrower than the
channel bandwidth. The measurement computes an average power of the
channel or offset/region over a specified number of data acquisitions,
automatically compensating for resolution bandwidth and noise bandwidth.

This measurement requires the user to specify the measurement bandwidths of
carrier channel and each of the offset/region frequency pairs up to 12 (A - L).
Each pair may be defined with unique measurement bandwidths. The results
are displayed both as relative power in dBc, and as absolute power in dBm.
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Purpose

Occupied bandwidth measures the bandwidth containing 99.0%of the total
transmission power.

The spectrum shape of a signal can give useful qualitative insight into
transmitter operation. Any distortion to the spectrum shape can indicate
problems in transmitter performance.

Measurement Method

The instrument uses digital signal processing (DSP) to sample the input signal
and convert it to the frequency domain. With the instrument tuned to a fixed
center frequency, samples are digitized at a high rate with DSP hardware, and
then converted to the frequency domain with FFT software.

The total absolute power within the measurement frequency span is integrated
for its 100% of power. The lower and upper frequencies containing 0.5% each
of the total power are then calculated to get 99.0% bandwidth.
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Burst Power Measurement Concepts

Purpose

Burst Power (Transmit Power) is the measure of in-channel power for digital
communication systems. Mobile stations and base transceiver stations must
transmit enough power, with sufficient modulation accuracy, to maintain a call
of acceptable quality without leaking into frequency channels or timeslots
allocated for others. Dynamic power control is used to ensure that each link is
maintained with minimum power. This gives two fundamental benefits: overall
system interference is kept to a minimum and, in the case of mobile stations,
battery life is maximized.

The Burst (Transmit) Power measurement determines the average power for an
RF signal burst at or above a specified threshold value. The threshold value
may be absolute, or relative to the peak value of the signal.

At the base transceiver station, the purpose of the Transmit Power
measurement is to determine the power delivered to the antenna system on
the radio-frequency channel under test. The Transmit Power measurement
verifies the accuracy of the mean transmitted RF carrier power. This can be
done across the frequency range and at each power step.

Measurement Method

This analyzer acquires a signal in the time domain with the |IQ data capture
method. The average power level above the threshold, or measured burst
width, is then computed and displayed.

This measurement can use either of two calculation methods - the “Above
Threshold” or the “Measured Burst Width” methods. The
power-above-threshold method has the advantages of being faster and allows
power measurements to be made at somewhat lower power levels. It also has
the advantage of not requiring the carrier to have a valid TSC (Training
Sequence Code).

Above Threshold Method

This method uses the “power-above-threshold” method instead of the “useful
part of the burst” method defined in the GSM standards. A time record is
captured, then the analyzer averages only those points in the time record that
exceed the user-specified threshold level. No attempt is made to position the
burst, or to calculate and display burst widths. You can use this to measure
continuous signals, or burst signals where the Measured Burst Width method
Is too restrictive. Note that this measurement does not provide a way to specify
which timeslot is to be measured. Therefore if multiple timeslots are on, they
should all be set at the same power level, or the levels of those timeslots to be
excluded need to be kept below the threshold level. If you want to measure
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Transmit Carrier Power using the GSM-specified useful part of the burst
method, use the Power vs. Time or EDGE Power vs. Time measurements, which
also measure the power ramping of the burst.

Measured Burst Width

This method uses the threshold level to calculate the burst center and
averages those points that lie within a user-specified burst width that is
centered upon the burst. When Burst Width Mode is set to manual you may
enter a fixed-time value in seconds or specify the burst width as a percentage
of the last measured burst width (the result is in bottom-left corner of display).
If you specify the burst width as a percentage, the fixed-value time is
instantaneously calculated and displayed in the softkey.

For Both Methods

The analyzer attenuator is automatically set to the optimum value based on the
measured carrier power level, to get the best dynamic range when restarted, if
Pre-Adjust for Min Clip (in AMPTD Y Scale menu) is set to any other setting
than Off.

Max/Min Hold Traces exist only as a visible reference, they do not affect the
measurement results. Measurement results are calculated by the latest
acquired data and Measure Trace. Max/Min Hold Traces are held during the
averaging cycle.
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Channel Power Measurement Concepts

Purpose

The Channel Power measurement is a common test used in the wireless
industry to measure the total transmitted power of a radio within a defined
frequency channel. This procedure measures the total power within the defined
bandwidth. This measurement is applied to design, characterize, evaluate, and
verify transmitters and their components or devices.

Measurement Method

The Channel Power measurement reports the total transmitted power and the
calculated power spectral density within the integration bandwidth. It takes a
sweep and the measurement acquires power in the channel.

The power calculation method used to determine the channel power is a
traditional method known as the integration bandwidth (IBW) method. The
measurement uses the frequency sweep mode, the RBW filter is set narrow
relative to the desired integration bandwidth. You can change the RBW and
VBW setings.It is important to correctly set the RBW before making this
measurement, because if the RBW filter setting is too narrow the signal will be
under-sampled and not all of the signal power will be measured. If the setting
is too wide, it will reduce the accuracy of the Channel Power measurement.

To improve repeatability, you can increase the number of averages. The
channel power graph is shown in the graph window, while the absolute
channel power in dBm and the mean power spectral density in dBm/Hz are
shown in the text window.
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Purpose

Adjacent Channel Power (ACP), is the power contained in a specified frequency
channel bandwidth relative to the total carrier power. It may also be expressed
as a ratio of power spectral densities between the carrier and the specified
offset frequency band.

As a composite measurement of out-of-channel emissions, ACP combines
both in-band and out-of-band specifications to provide useful figures-of-merit
for spectral regrowth and emissions produced by components and circuit
blocks without the rigor of performing a full spectrum emissions mask
measurement.

To maintain a quality call by avoiding channel interference, it is important to
measure and reduce any adjacent channel leakage power transmitted from a
mobile phone. The characteristics of adjacent channel leakage power are

mainly determined by the transmitter design, particularly the low-pass filter.

Measurement Method

This ACP measurement analyzes the total power levels within the defined
carrier bandwidth and at given frequency offsets on both sides of the carrier
frequency. This measurement requires the user to specify measurement
bandwidths of the carrier channel and each of the offset frequency pairs. Each
pair may be defined with unique measurement bandwidths.

For Meas Method of RBW, it uses an appropriate RBW and capture all of the
power in the carrier channel and the offsets. For Meas Method of integration
bandwidth (IBW), the channel integration bandwidth is analyzed using the
user defined resolution bandwidth (RBW), which is much narrower than the
channel bandwidth. The measurement computes an average power of the
channel over a specified number of data acquisitions, automatically
compensating for resolution bandwidth and noise bandwidth.

If Total Pwr Ref is selected as the measurement type, the results are displayed
as relative power in dBc and as absolute power in dBm. If PSD Ref (Power
Spectral Density Reference) is selected, the results are displayed as relative
power in dB, and as absolute power in dBm/Hz.
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Power Statistics CCDF Measurement Concepts

Purpose

Many of the digitally modulated signals appear noise-like in the time and
frequency domain. This means that statistical measurements of the signals can
be a useful characterization. Power Complementary Cumulative Distribution
Function (CCDF) curves characterize the higher-level power statistics of a
digitally-modulated signal. The curves can be useful in determining design
parameters for digital communications systems.

The power statistics CCDF measurement can be affected by many factors. For
example, modulation filtering, modulation format, combining the multiple
signals at different frequencies, number of active codes and correlation
between symbols on different codes with spread spectrum systems. These
factors are all related to modulation and signal parameters. External factors
such as signal compression and expansion by non-linear components, group
delay distortion from filtering, and power control within the observation
interval also affect the measurement.

CCDF curves can help you in several situations:
— To determine the headroom required when designing a component.

— To confirm the power statistics of a given signal or stimulus. CCDF curves
allow you to verify if the stimulus signal provided by another design team is
adequate. For example, RF designers can use CCDF curves to verify that the
signal provided by the digital signal processing (DSP) section is realistic.

— To confirm that a component design is adequate or to troubleshoot your
subsystem or system design, you can make CCDF measurements at several
points of a system. For example, if the ACLR of a transmitter is too high, you
can make CCDF measurements at the input and output of the PA. If the PA
design is correct, the curves will coincide. If the PA compresses the signal,
the PAR of the signal is lower at the output of the PA.

Measurement Method

The power measured in power statistics CCDF curves is actually instantaneous
envelope power defined by the equation:

P=(f+0%/2,

(where I and Q are the quadrature voltage components of the waveform and Zo
is the characteristic impedance).

A CCDF curve is defined by how much time the waveform spends at or above a
given power level. The percent of time the signal spends at or above the level
defines the probability for that particular power level. To make the power
statistics CCDF measurement, the instrument uses digital signal processing
(DSP) to sample the input signal in the channel bandwidth.
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The Gaussian distribution line as the band-limited Gaussian noise CCDF
reference line, the user-definable reference trace, and the currently measured
trace can be displayed on a semi-log graph. If the currently measured trace is
above the user reference trace, it means that the higher peak power levels
against the average power are included in the input signal.
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Purpose

Two-tone, third-order intermodulation distortion is a common test in
communication systems. When two signals are present in a non-linear system,
they can interact and create third-order intermodulation distortion products
that are located close to the original signals. These distortion products are
generated by system components such as amplifiers and mixers.

TOI Measurement provides a one-button measurement of the third-order
intercept of a two-tone signal. If the base tones are separated by a frequency
Df, the third order intermodulation products will appear as signals Df above the
higher tone, and Df below the lower tone. As the amplitude of the two-tone
signal increases, the amplitude of the third-order intermodulation products
increases at three times the rate.

Third-order intercept (TOI) is a calculated value which estimates the output
amplitude in the theoretical case in which the third-order intermodulation
amplitude increases to equal to the base tone amplitude. A practical device
will never reach that power; nonetheless the TOI has become a useful figure of
merit for comparing the linearity of practical devices.

Measurement Method

The TOI measurement begins by taking a sweep using the current center
frequency and span. It chooses the two highest peaks as the lower and upper
tone frequencies, Foyer and Fypper- Then, the third-order intermodulation

frequencies are computed as:
lLower = 2FLower - |:Upper

IUpper = QFUpper - Flower

The power is then measured at the four frequencies (unless either intermod
frequency falls outside the span).

The third order intercept level is defined (all values expressed in dBm) as:

PU pL - .
TOI pper = ZEL” + P oer — %
— PLower PU erintermod

TOIypper = o + Pyyper :

The third order delta level is defined (all values expressed in dBm) as:
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A —p 2 X PLower + PUpper
Lower — ' LowerIntermod — 3

A —p 2 X PUpper + PLower
Upper — 1 Upperintermod ~— 3

Both values are computed and the TOl is reported as the worst of the two
measurements.

There are two approaches to TOlI measurement acquisition. The first approach
is a simple method to use a single sweep. This method gives the quickest
approximate measurement and highest usability. (The span must be sufficient
to encompass both the lower and upper intermod frequencies.)

The second approach is to supplement the above with zero-span acquisitions
(typically with a lower resolution bandwidth) at the intermod frequencies.
Because we spend the majority of our acquisition time at key frequencies, this
technique gives more accurate measurement of low-power intermodulation
distortion signals.
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Harmonics Measurement Concepts

Purpose

The Harmonics Measurement provides a simple (one-button) measurement of
the harmonics of a specified carrier frequency.

At each cycle, the instrument will do a zero-span measurement at the
fundamental and at each harmonic frequency. With that information, it will
calculate and report each harmonic in dBc, and will also calculate and report
the total harmonic distortion.

In most use cases, this approach is sufficient. In cases where a specialized
harmonic measurement is required, such as measuring the harmonics of a
baseband amplifier when looking at the carrier signal, the user may separately
specify the parameters of each harmonic measurement.

Measurement Method

First Sweep

First Sweep
Initiation

First Sweep Action

The first sweep of the harmonics measurement is used to find the fundamental
frequency and bandwidth.

The first sweep is not used when the Range Table is turned on, or when all
parameters are in Manual mode. It is only used when at least one of the
following parameters is in Sense mode:

— Fundamental frequency
— Resolution Bandwidth

If one of the above parameters is in Sense, the first sweep occurs when any of
the following happen:

— First enter the measurement
— After a preset

— When a parameter change causes a measurement restart in continuous
sweep mode

— When the user initiates a sweep.

If Fundamental Frequency is set to Sense, the first sweep sets the fundamental
frequency to the largest amplitude signal between 10 MHz and half the
bandwidth of the spectrum analyzer. Use span zoom (or frequency count) to
give a good measurement of the fundamental frequency.

If Resolution Bandwidth is set to Sense, the first sweep sets the resolution
bandwidth to the lowest available Resolution Bandwidth greater than the 3.5
times the 99% occupied bandwidth of the signal, to a minimum of 30 Hz. By
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default, the video bandwidth and sweep time are coupled to those parameters.
Also by default, all harmonic parameters are coupled to the fundamental
parameters.

Note that, even though the automatic RBW is limited to a minimum of 30 Hz,
the actual value measured should be retained. When multiplying the RBW for
the 2nd and subsequent harmonics, use the maximum of the calculated value
and 30 Hz.

For example, assume that the occupied bandwidth calculation results in
desired RBW of 12 Hz. The fundamental RBW will use 30 Hz, the second
harmonic RBW will use 30 Hz. If the calculated RBW for the third and
subsequent harmonics exceeds 30 Hz, the calculated value should be used
when measuring those harmonics.

In the typical case, the measured signals are all multiples of the fundamental,
using a resolution bandwidth that is a multiple of the fundamental resolution
bandwidth. For maximum speed and accuracy, all harmonics measurements
are done at zero span. To customize the measurement of individual harmonics,
set the Range Table to On, and adjust the details in the table.



Concepts
List Sweep Measurement Concepts

List Sweep Measurement Concepts

Purpose

List Sweep is an independent measurement in the Spectrum Analyzer Mode.

This measurement is only available remotely. It is designed for a single
purpose: measurement throughput. It provides a fast way for users to remotely
extract amplitude values for multiple detectors at known frequencies.

List Sweep allows the programmer to configure the analyzer to make a list of
single-point measurements. By making the list in advance, the analyzer can
run through the list without requiring the measurements to be set up again for
each iteration. This reduces the overhead of turning around the I/0 and excess
I/0 traffic. The measurements are all performed in zero-span.

This feature is directed at customers who must constantly find ways to reduce
the cost of test in volume manufacturing. High throughput testing dictates that
speed takes precedent priority over user-friendliness in the design
consideration. The number of error messages, complexity of SCPI commands,
and coupling among various components must be kept at a minimum.
Assumption is that the users are experts and they strictly follow the guidelines
given in the User’s and Programmer’s Reference.
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