Agilent Technologies

Agilent X-Series
Signal Analyzer

This manual provides documentation for
the following X-Series Instruments:

PXA Signal Analyzer N9030A
MXA Signal Analyzer N9020A
EXA Signal Analyzer N9010A
CXA Signal Analyzer N9000A
MXE EMI Receiver N9038A

Spectrum Analyzer Mode
Measurement Guide



Notices

© Adgilent Technologies, Inc. 2008-2011

No part of thismanual may be reproduced
in any form or by any means (including
electronic storage and retrieval or tranda-
tion into aforeign language) without prior
agreement and written consent from Agi-
lent Technologies, Inc. as governed by
United States and international copyright
laws.

Trademark
Acknowledgements

Microsoft® is a U.S. registered
trademark of Microsoft Corporation.

Windows® and MS Windows® are
U.S. registered trademarks of
Microsoft Corporation.

Adobe Reader® is a U.S. registered
trademark of Adobe System
Incorporated.

Java™ is a U.S. trademark of Sun
Microsystems, Inc.

MATLAB® is a U.S. registered
trademark of Math Works, Inc.

Norton Ghost™ is a U.S. trademark of
Symantec Corporation.

Manual Part Number

N9060-90033
Supersedes; N9060-90032

Print Date

April 2011
Printed in USA

Agilent Technologies, Inc.
1400 Fountaingrove Parkway
Santa Rosa, CA 95403

Warranty

Thematerial contained in this doc-
ument isprovided “asis,” and is
subject to being changed, without
notice, in future editions. Further,
to the maximum extent permitted
by applicablelaw, Agilent disclaims
all warranties, either expressor
implied, with regard to thismanual
and any information contained
herein, including but not limited to
theimplied warranties of mer-
chantability and fitnessfor a par-
ticular purpose. Agilent shall not
beliablefor errorsor for incidental
or consequential damagesin con-
nection with the furnishing, use, or
perfor mance of thisdocument or of
any information contained herein.
Should Agilent and the user have a
separate written agreement with
warranty terms covering the mate-
rial in this document that conflict
with these terms, the warranty
termsin the separ ate agreement
shall control.

Technology Licenses

The hardware and/or software described
in this document are furnished under a
license and may be used or copied only in

accordance with the terms of such license.

Restricted Rights L egend

If software isfor use in the performance
of aU.S. Government prime contract or
subcontract, Software is delivered and

licensed as “Commercial computer soft-
ware” asdefined in DFAR 252.227-7014
(June 1995), or asa“commercial item” as
defined in FAR 2.101(a) or as“ Restricted
computer software” as defined in FAR
52.227-19 (June 1987) or any equivalent
agency regulation or contract clause. Use,
duplication or disclosure of Softwareis
subject to Agilent Technologies' standard
commercial license terms, and non-DOD
Departments and Agencies of the U.S.
Government will receive no greater than
Restricted Rights as defined in FAR
52.227-19(c)(1-2) (June 1987). U.S. Gov-
ernment userswill receive no greater than
Limited Rights as defined in FAR
52.227-14 (June 1987) or DFAR
252.227-7015 (b)(2) (November 1995), as
applicablein any technical data.

Safety Notices
CAUTION

A CAUTION notice denotes a
hazard. It calls attention to an
operating procedure, practice, or
the like that, if not correctly per-
formed or adhered to, could result
in damage to the product or |oss of
important data. Do not proceed
beyond a CAUTION notice until
the indicated conditions are fully
understood and met.

WARNING

A WARNING notice denotesa
hazard. It calls attention to an
operating procedure, practice,
or thelikethat, if not correctly
performed or adhered to, could
result in personal injury or
death. Do not proceed beyond a
WARNING notice until theindi-
cated conditionsare fully
understood and met.




Warranty

This Agilent technologies instrument product is warranted against defects in material and workmanship for a
period of one year from the date of shipment. During the warranty period, Agilent Technologies will, at its
option, either repair or replace products that prove to be defective.

For warranty service or repair, this product must be returned to a service facility designated by Agilent
Technologies. Buyer shall prepay shipping charges to Agilent Technologies and Agilent Technologies shall
pay shipping charges to return the product to Buyer. However, Buyer shall pay all shipping charges, duties,
and taxes for products returned to Agilent Technologies from another country.

Where to Find the Latest Information

Documentation is updated periodically. For the latest information about this analyzer, including firmware
upgrades, application information, and product information, see the following URLs:

http://www.agilent.com/find/pxa
http://www.agilent.com/find/mxa
http://www.agilent.com/find/exa
http://www.agilent.com/find/cxa

To receive the latest updates by email, subscribe to Agilent Email Updates:
http://www.agilent.com/find/emailupdates
Information on preventing analyzer damage can be found at:

http://www.agilent.com/find/tips
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Getting Started with the Spectrum Analyzer Measurement Application
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This chapter provides some basic information about using the Spectrum Analyzer and
10 Analyzer Measurement Application Modes. It includes topics on:
+ “Making a Basic Measurement” on page 12
*  “Recommended Test Equipment” on page 17
*  “Accessories Available” on page 18
Technical
Documentation
Summary:

Your Signal Analysis measurement platform:

Getting Started Turn on process, Windows XP use/configuration, Front and rear panel

Specifications Specifications for all available Measurement Applications and optional
hardware (for example, Spectrum Analyzer and W-CDMA)

Functional Testing Quick checks to verify overall instrument operation.

Instrument Messages Descriptions of displayed messages of Information, Warnings and Errors

Measurement Application specific documentation:
(for example, Spectrum Analyzer Measurement Application or W-CDMA Measurement Application)

Measurement Guide Examples of measurements made using the front panel keys or over a remote
interface.

User's/Programmer’s Descriptions of front panel key functionality and the corresponding SCPI
Reference commands. May also include some concept information.
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Getting Started with the Spectrum Analyzer Measurement Application
Making a Basic Measurement

Making a Basic Measurement

Refer to the description of the instrument front and rear panels to improve your
understanding of the Agilent Signal Analyzer measurement platform. This knowledge
will help you with the following measurement example.

This section includes:
* “Using the Front Panel” on page 12
*  “Presetting the Signal Analyzer” on page 13

*  “Viewing a Signal” on page 14

CAUTION

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

Toggle

Submenu

Using the Front Panel

Entering Data

When setting measurement parameters, there are several ways to enter or modify the
value of the active function:

Knob Increments or decrements the current value.
Arrow Keys Increments or decrements the current value.

Numeric Keypad  Enters a specific value. Then press the desired terminator (either a
unit softkey, or the Enter key).

Unit Softkeys Terminate a value that requires a unit-of-measurement.
Enter Key Terminates an entry when either no unit of measure is needed, or

you want to use the default unit.

Using Menu Keys

Menu Keys (which appear along the right side of the display) provide access to many
analyzer functions. Here are examples of menu key types:

Allows you to activate/deactivate states.

Example: Toggles the selection (underlined choice) each time you

press the key.

Displays a new menu of softkeys.

12



Choice

Adjust

Getting Started with the Spectrum Analyzer Measurement Application
Making a Basic Measurement

Example: A submenu key allows you to view a new menu of softkeys
related to the submenu key category.

Allows you to make a selection from a list of values.

Example: A choice key displays the currently selected submenu
choice, in this example, dBm. When the choice is made, the
submenu automatically returns.

Highlights the softkey and sets the active function.

Examples: Press this type of key and enter a value.

The default for softkeys with an automatic (Auto) or manual
(Man) choice is automatic. After you enter a value, the
selection changes to manual. You can also press the softkey
twice to change to manual.

Presetting the Signal Analyzer

The preset function provides a known starting point for making measurements. The
analyzer has two main types of preset:

User Preset Restores the analyzer to a user-defined state.
Mode Preset This type of preset restores the currently selected mode to a default
state.

For details, see the help or User’s and Programmer’s Reference.

Creating a User Preset

If you constantly use settings which are not the normal defaults, use the following
steps to create a user-defined preset:

Step Action

1 Set analyzer parameters as
desired

2 Set the current parameters  * Press User Preset, Save User Preset
as the user preset state

3 To select a preset state * Press User Preset, User Preset

13



Getting Started with the Spectrum Analyzer Measurement Application

Making a Basic Measurement
Viewing a Signal

Step

Action

Notes

1 Return the current .
mode settings to
factory defaults.

Press Mode Preset.

2 Route the internal .
50 MHz signal to the
analyzer input.

Press Input/OQutput, RF
Calibrator, 50, MHz.

3 Set the reference * Press AMPTD Y Scale,
level to 10 dBm. 10, dBm.
4 Set the center *  Press FREQ The 50 MHz reference
frequency to 40 MHz. Channel, Center signal appears on the
Freq, 40, MHz. display
b Set the frequency * Press SPAN, 50, MHz.
span to 50 MHz.
Reading Frequency & Amplitude
Step Action Notes
1 Activate amarkerand < Press Peak The frequency and amplitude
place it on the highest Search. of the marker appear in the
amplitude signal. active function block in the
upper-right of the display. You
can use the knob, the arrow
keys, or the softkeys in the
Peak Search menu to move
the marker around on the
signal.
2 To return the marker *  Press Peak
to the peak of the Search.
signal.
Changing Reference Level
Step Action Notes
1 Change the reference a. Press AMPLIDY  The reference level is now the
level. Scale. active function.

Press Marker —>,
Mkr —> Ref Lvl.

14



Getting Started with the Spectrum Analyzer Measurement Application
Making a Basic Measurement

Improving Frequency Accuracy

NOTE When you use the frequency count function, if the ratio of the resolution bandwidth to
the span is less than 0.002, you will get a display message that you need to reduce the
Span/RBW ratio. This is because the resolution bandwidth is too narrow.

Step Action Notes
1 Activate the Marker * Press Marker,
Count menu. More 1 of 2,
Marker Count.

2 To increase the * Press Counter. The marker active function
accuracy of the annotation changes from Mkr1
frequency reading in to Cntrl.
the mar!<er The displayed resolution in the
annotation.

marker annotation improves.

3 Move the signal peak + Press Marker —>,
to the center of the Mkr —> CF.
display.

Valid Marker Count Range

NOTE Marker count functions properly only on CW signals or discrete peaks. For a valid
reading, the marker must be >26 dB above the noise.

Step Action Notes

1 Move the marker Although the readout in the
down the skirt of the active function changes, as
50 MHz peak. long as the marker is at least

26 dB above the noise, the
counted value (upper-right
corner of display) does not
change.

For an accurate count, the
marker does not have to be
exactly at the displayed peak

15



Getting Started with the Spectrum Analyzer Measurement Application
Making a Basic Measurement

Step Action Notes

2 Enter a new value. *  Press BW, Res This action makes the
BW and enter a resolution bandwidth (RBW)
value. the active function and allows

you to experiment with
different resolution bandwidth
values.

3 Turn off the marker. * Press Marker, Off.

16



Getting Started with the Spectrum Analyzer Measurement Application
Recommended Test Equipment

Recommended Test Equipment

The following table list the test equipment you will need to perform the example
measurements describe in this manual.

NOTE To find descriptions of specific analyzer functions, for the N9060A Spectrum Analyzer
Measurement Application, refer to the Agilent Technologies X-Series User’s and
Programmer’s Reference.

Test Equipment Specifications Recommended Model

Signal Sources

Signal Generator (2) 0.25 MHz to 4.0 GHz E443XB series or E4438C
Ext Ref Input

Adapters

Type-N (m) to BNC (f) (6) 1250-0780

Cables

BNC, 122 cm (48 in) (3) 10503A

Miscellaneous

Directional Bridge 86205A

17



Getting Started with the Spectrum Analyzer Measurement Application
Accessories Available

Accessories Available

A number of accessories are available from Agilent Technologies to help you configure
your analyzer for your specific applications. They can be ordered through your local
Agilent Sales and Service Office and are listed below.

NOTE

There are also some instrument options available that can improve your
measurements. Some options can only be ordered when you make your original
equipment purchase. But some are also available as kits that you can order and install
later. Order kits through your local Agilent Sales and Service Office.

For the latest information on Agilent signal analyzer options and upgrade kits, visit the
following Internet URL: http://www.agilent.com/find/sa_upgrades

50 Ohm Load

The Agilent 909 series of loads come in several models and options providing a variety

of frequency ranges and VSWRs. Also, they are available in either 50 ohm or 75 Ohm.
Some examples include the:

909A: DC to 18 GHz
909C: DC to 2 GHz
909D: DC to 26.5 GHz

50 Ohm/75 Ohm Minimum Loss Pad

The HP/Agilent 11852B is a low VSWR minimum loss pad that allows you to make
measurements on 75 Ohm devices using an analyzer with a 50 Ohm input. It is
effective over a frequency range of dc to 2 GHz.

75 Ohm Matching Transformer

The HP/Agilent 11694A allows you to make measurements in 75 Ohm systems using
an analyzer with a 50 Ohm input. It is effective over a frequency range of 3 to 500 MHz.

AC Probe

The Agilent 85024A high frequency probe performs in-circuit measurements without
adversely loading the circuit under test. The probe has an input capacitance of 0.7 pF
shunted by 1 megohm of resistance and operates over a frequency range of 300 kHz to
3 GHz. High probe sensitivity and low distortion levels allow measurements to be made
while taking advantage of the full dynamic range of the signal analyzer.

AC Probe (Low Frequency)

The Agilent 41800A low frequency probe has a low input capacitance and a frequency
range of 5 Hz to 500 MHz.

18
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Getting Started with the Spectrum Analyzer Measurement Application
Accessories Available

Broadband Preamplifiers and Power Amplifiers

Preamplifiers and power amplifiers can be used with your signal analyzer to enhance
measurements of very low-level signals.

» The Agilent 8447D preamplifier provides a minimum of 25 dB gain from 100 kHz to
1.3 GHz

» The Agilent 87405A preamplifier provides a minimum of 22 dB gain from 10 MHz to
3 GHz. (Power is supplied by the probe power output of the analyzer.)

» The Agilent 83006A preamplifier provides a minimum of 26 dB gain from 10 MHz to
26.5 GHz.

» The Agilent 85905A CATV 75 ohm preamplifier provides a minimum of 18 dB gain
from 45 MHz to 1 GHz. (Power is supplied by the probe power output of the
analyzer.)

»  The 11909A low noise preamplifier provides a minimum of 32 dB gain from 9 kHz to
1 GHz and a typical noise figure of 1.8 dB.

GPIB Cable

The Agilent 10833 Series GPIB cables interconnect GPIB devices and are available in
four different lengths (0.5 to 4 meters). GPIB cables are used to connect controllers to
a signal analyzer.

USB/GPIB Cable

The Agilent 82357A USB/GPIB interface provides a direct connection from the USB
port on your laptop or desktop PC to GPIB instruments. It comes with the SICL and
VISA software for Windows® 2000/XP. Using VISA software, your existing GPIB
programs work immediately, without modification. The 82357A is a standard Plug and
Play device and you can interface with up to 14 GPIB instruments.

RF and Transient Limiters

The Agilent 11867A and N9355B RF and Microwave Limiters protect the analyzer input
circuits from damage due to high power levels. The N9355B operates over a frequency
range of dc to 1800 MHz and begins reflecting signal levels over T mW up to 10 W
average power and 100 watts peak power. The 11693A microwave limiter (0.1 to 18
GHz) guards against input signals over 10 milliwatt up to 1 watt average power.

The Agilent 11947A Transient Limiter protects the analyzer input circuits from damage
due to signal transients. It specifically is needed for use with a line impedance
stabilization network (LISN). It operates over a frequency range of 9 kHz to 200 MHz,
with 10 dB of insertion loss.

19



Getting Started with the Spectrum Analyzer Measurement Application
Accessories Available

Power Splitters

The Agilent 11667A/B/C power splitters are two-resistor type splitters that provide
excellent output SWR, at 50 Q impedance. The tracking between the two output arms,
over a broad frequency range, allows wideband measurements to be made with a
minimum of uncertainty.

11667A: DC to 18 GHz
11667B: DC to 26.5 GHz
11667C: DC to 50 GHz

Static Safety Accessories

9300-1367 Wrist-strap, color black, stainless steel. Four adjustable links and a
7 mm post-type connection.

9300-0980 Wrist-strap cord 1.5 m (5 ft.)

20
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Measuring Multiple Signals
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Measuring Multiple Signals
Comparing Signals on the Same Screen Using Marker Delta

Comparing Signals on the Same Screen Using Marker Delta

Using the analyzer, you can easily compare frequency and amplitude differences
between signals, such as radio or television signal spectra. The analyzer delta marker
function lets you compare two signals when both appear on the screen at one time.

In this procedure, the analyzer 10 MHz signal is used to measure frequency and
amplitude differences between two signals on the same screen. Delta marker is used
to demonstrate this comparison.

Figure 2-1 An Example of Comparing Signals on the Same Screen
Signals you want
to compare
T |
] A | )
Step Action Notes
1 Connect the 10 MHz OUT

from the rear panel to the
front panel RF input.

Select the mode.

* Press Mode, Spectrum Analyzer.

Preset the mode.

* Press Mode Preset.

Configure the analyzer a. Press FREQ Channel, Center Freq, This sets the analyzer center
settings. 30, MHz. frequency, span and reference
b. Press SPAN X Scale, Span, 50, level to view the 10 MHz
MHz. signal and its harmonics up to
50 MHz.
c. Press AMPTD Y Scale, Ref Level,
10, dBm.

22



Step

Measuring Multiple Signals

Comparing Signals on the Same Screen Using Marker Delta

Action

Notes

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

Press Peak Search.

The Next Pk Right and Next
Pk Left softkeys are available
to move the marker from peak
to peak. The marker should be
on the 10 MHz reference
signal.

6 Anchor the first marker and
activate a second delta
marker.

Press Marker, Delta.

The symbol for the first
marker is changed from a
diamond to a cross with a
label that now reads 2,
indicating that it is the fixed
marker (reference point). The
second marker symbol is a
diamond 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.

7 Move the delta marker to
another signal peak.

Press Peak Search, Next Peak.

The amplitude and frequency
difference between the
markers is displayed in the
marker results block of the
screen. Refer to the upper
right portion of the screen.

See Figure 2-2.
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Measuring Multiple Signals
Comparing Signals on the Same Screen Using Marker Delta

Step Action Notes

Figure 2-2 Using the Delta Marker Function

3 Agilent Spectrum Analyzer - Swept SA @@E‘
L C | SENSE:INT] | ALIGH AUTO [11:40:21 &M Jun 30, 2006 Peak S h
Marker 1 A 20.050000000 MHz Avg Type: Log-Pur SR SERIE

Input: RF  PNO: Fast ) Trig:Free Run
IFGain:Low E Atten: 20 dB

AMkr1 20,05 MHz S
- « D

Ref 10.00 dBm 52
Xz

Next Right

Marker Delta

Center 30.00 MHz N é'pdn 50,00 MHz
Res BW 470 kHz VBW 470 kHz Sweep 1.00 ms (1001 pts)

sTaTUS| 1 AC coupled: Accy unspec'd < 10MHz

NOTE The frequency resolution of the marker readings can be increased by turning on the
marker count function.

24



Measuring Multiple Signals

Comparing Signals not on the Same Screen Using Marker Delta

Comparing Signals not on the Same Screen Using Marker Delta

Measure the frequency and amplitude difference between two signals that do not
appear on the screen at one time. (This technique is useful for harmonic distortion
tests when narrow span and narrow bandwidth are necessary to measure the low level

harmonics.)

In this procedure, the analyzer 10 MHz signal is used to measure frequency and
amplitude differences between one signal on screen and one signal off screen. Delta
marker is used to demonstrate this comparison.

Figure 2-3 Comparing One Signal on Screen with One Signal Off Screen
Signals you want
to compare
]
N} | k‘
Step Action Notes
1 Connect the 10 MHz OUT

from the rear panel to the
front panel RF input.

Select the mode.

*  Press Mode, Spectrum
Analyzer.

Preset the mode.

*  Press Mode Preset.

Configure the analyzer a. Press FREQ Channel, Center
settings. Freq, 10, MHz.
b. Press SPAN X Scale, Span,
5, MHz.

c. Press AMPTD Y Scale, Ref
Level, 10, dBm.

This sets the analyzer center
frequency, span and reference level to
view the 10 MHz signal and its
harmonics up to 50 MHz.

25



Measuring Multiple Signals

Comparing Signals not on the Same Screen Using Marker Delta

Step Action

Notes

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

Press Peak Search.

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

Press Marker —, Mkr — CF
Step.

7 Activate the marker delta
function.

8 Increase the center .
frequency by 10 MHz.

Press FREQ Channel, Center
Freq, T.

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

9 Move the delta marker to .
the new center frequency.

Press Peak Search.

Figure 2-4 shows the reference
annotation for the first marker (52) 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 block displays the
amplitude and frequency difference
between the 10 and 20 MHz signal
peaks.

Figure 2-4 Delta Marker with Reference Signal Off-Screen

5] Agilent Spectrum Analyzer - Swept SA

Marker 1 A 10.000000000 MHz )
PNO: >30k (4 Trig: Free Run
IFGain:Low B Atten: 20 dB

Input: RF

Ref 10.00 dBm

| SEMNSE:INT| | ALIGNAUTO

BEE

|11:57:50 A1 Jun 30,

VBW 47 kHz Sweep 2.73 ms (1001 pts)

Avg Type: Lég-Pwr

Peak Search

Next Peak

Next Left
JE—
Next Right

Marker Delta

ST [ A P R R
Span 5.000 MHz
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Measuring Multiple Signals
Comparing Signals not on the Same Screen Using Marker Delta

Step Action Notes

10 Turn the markers off. * Press Marker, Off.

27



Measuring Multiple Signals
Resolving Signals of Equal Amplitude

Resolving Signals of Equal Amplitude

In this procedure a decrease in resolution bandwidth is used in combination with a
decrease in video bandwidth to resolve two signals of equal amplitude with a
frequency separation of 100 kHz. Notice that the final RBW selection to resolve the
signals is the same width as the signal separation while the VBW is slightly narrower
than the RBW.

Step Action Notes

1 Connect two sources to the
analyzer RF INPUT as

shown.
2 Set up the signal sources. a. Set the frequency of signal The amplitude of both signals
generator #1 to 300 MHz. should be approximately
b. Set the frequency of signal _2.0 dBm. at the output of the
enerator #2 to 300.1 MHz. bridge/directional coupler.
g (The —4 dBm setting plus
c. Setsignal generator #1 amplitude  —16 dB coupling factor of the
to —20 dBm. 86205A results in a —20 dBm
d. Set signal generator #2 amplitude signal.)
to —4 dBm.
3 Select the mode. * Press Mode, Spectrum Analyzer.
4 Preset the analyzer. * Press Mode Preset.

b Set up the analyzer to view  a. Press FREQ Channel, Center Freq, A single signal peak is visible.
the signals. 300, MHz. See Figure 2-5.

b. Press BW, Res BW, 300, kHz.

c. Press SPAN X Scale, Span, 2,
MHz.
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Measuring Multiple Signals
Resolving Signals of Equal Amplitude

Step Action Notes
Figure 2-5 Unresolved Signals of Equal Amplitude
:] Agilent Spectrum Analyzer - Swept SA Q@E}
| | S0 6 | | | AC | SEMSEINT| | ALIGNAUTOD 0,
Span 2.00000000 MHz ) Avg Type: Log-Pwr Span
Input: RF PNO: Fast L, 1rig:FreeRun
IFGain:Low B Atten: 10 dB Span
2.00000000 MHz
Ref 0.00 dBm
Full Span
Zero Span
LastSpan
| Signal Track
Center 300,000 Wz Span 2.000 MiHz|[ SRS,
#Res BW 300 kHz VBW 300 kHz Sweep 1.00 ms (1001 pts) —
MSG STATUS
6 Change the RBW. *  Press BW, Res BW, 100, kHz. The RBW setting is less than
or equal to the frequency
separation of the two signals
7 Decrease the video BW. +  Press Video BW, 10, kHz. Notice that the peak of the

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

Step Action Notes
Figure 2-6 Unresolved Signals of Equal Amplitude
il Agilent Spectrum Analyzer - Swept SA
! | SENSE:INT] ALIGNAUTO
Video BW 10 kHz . Avg Type: Log-Pwr
Input: R PNO: »30k (1 Trig:Free Run
IFGain:Low @ Atten: 10 dB
Ref 0.00 dBm
Span:3dB RBW
106
uto Man
RBW COntroI.
[Gaussian,3 dB]
Center 300.000 MHz Span 2.000 MHz
#Res BW 100 kHz #VBW 10 kHz Sweep 1.60 ms (1001 pts)
8 Decrease the RBW. *  Press BW, Res BW, 10, kHz. Two signals are now visible,

see Figure 2-7. You can 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

Resolving signals of equal amplitude

] Agitent Spectrim Analyzer - Swept SA E|'|§|

| 121803 PM Jun 30, 2006

RBW 10 kHz - Wiy TypaLbg e AcE

Trig: Free Run

[T PNO: >30k !
IFGainLow@  Atten: 10 dB

Ref 0.00 dBm

T A TR P

Center 300.000 MHz
|#Res BW 10 kHz VBW 10 kHz Sweep 24.1ms (1001 pts)

STATUS

As the resolution bandwidth is decreased, resolution of the individual signals is
improved and the sweep time is increased. 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 BWin 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 Agilent Technologies X-Series User’s and
Programmer’s Reference.)

NOTE

An alternative method for resolving two equal amplitude signals is to use the Auto
Tune Function as follows:

Press Mode Preset.
Press Freq Channel, Auto Tune.

The two signals are fully resolved with a marker placed on the highest peak. Refer to
Figure 2-8.
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Measuring Multiple Signals
Resolving Signals of Equal Amplitude

Figure 2-8

= Agilent Spectrum Analyzer - Swept SA
| | |
Center Freq 300.052558 MHz

Input: RF

Ref -17.02 dBm

Center 300.0526 MHz
Res BW 3.0 kHz

Resolving Signals of Equal Amplitude

| SENSENT]

| ALIGNAUTO

PNO: >30k Ly Trig: Free Run
IFGain:Low &

Atten: 6 dB

VBW 3.0 kHz

Avg Type: Lég-Pwr

Mkr1 299.999 9 MHz
-26.96 dBm

Span 317.2 kHz
Sweep 42.5 ms (1001 pts)

Auto

Center Freq
300.052558 MHz

StartFreq
299.893963 MHz

Stop Freq
300211153 MHz

CF Step
31.719 kHz|
Man

Freq Offset
0Hz
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Measuring Multiple Signals

Resolving Small Signals Hidden by Large Signals

Resolving Small Signals Hidden by Large Signals

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.

Step

Action

Notes

1 Connect two sources to the
analyzer RF INPUT as
shown.

2 Set up the signal sources.

. Set the frequency of signal

generator #1 to 300 MHz.

. Set the frequency of the signal

generator #2 to 300.05 MHz.

. Set signal generator #1 amplitude

to —10 dBm.

. Set signal generator #2 amplitude

to —54 dBm.

This signal is 50 kHz higher in
frequency than the first
signal.

The —54 dBm setting plus
—16 dB coupling factor of the
86205A results in a signal 60
dB below the first signal.

3 Select the mode

Press Mode, Spectrum Analyzer.

4 Preset the analyzer:

Press Mode Preset.

b Set up the analyzer to view
the signals.

. Press FREQ Channel, Center Freq,

300, MHz.

. Press BW, Res BW, 30, kHz.
. Press SPAN X Scale, Span, 500,

kHz.
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Measuring Multiple Signals
Resolving Small Signals Hidden by Large Signals

Step Action

Notes

6 Set the 300 MHz signal .
peak to the reference level.

Press Peak Search, Mkr — Ref Lvl.

The Signal Analyzer 30 kHz
filter shape factor of 4.1:1 has
a bandwidth of 123 kHz at the
60 dB point. The
half-bandwidth, or 61.5 kHz,
is NOT narrower than the
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
E]AgilenlSpectrum Analyzer - Swept SA
S | SEWSEUNT] | ALIGNALTO
Marker 1 300.000500000 MHz ) Avg Type: Log-Pwr
Input: RF PNO: »30k L, 1rig:FreeRun 3
IFGain:Low Bl Atten: 6 dB N
Mkr1 SGG.QGGE MHz
Ref -10,02 dBm -10.02 dBm
Mkr—CF Step
Mkr—Stop
Center 300.0000 MHz "~ Span 500.0 kHz
#Res BW 30 kHz VBW 30 kHz Sweep 1.00 ms (1001 pts)
STATUS
7 Change the RBW. *  Press BW, Res BW, 10, kHz. The reduced resolution

bandwidth filter allows you to
view the smaller hidden
signal.

Press Peak Search, Marker Delta,
50, kHz.

8 Place a delta marker on the
smaller signal.

Notice that the peak of the
signal has become two peaks
separated by a 2.5 dB dip
indicating that two signals
may be present. See.Figure
2-10.
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Measuring Multiple Signals
Resolving Small Signals Hidden by Large Signals

Step Action Notes

Figure 2-10 Unresolved Signals of Equal Amplitude

1] Agilent Spectrum Analyzer - Swept SA
| 50 52 | | | AC | SERSEINT] | ALIGNAUTD | 02:07:37 P Jul 31, 2006
Video BW 10 kHz Avg Type: Log-Pwr
Input: R PNO: >30k (, 11ig:Free Run
IFGain:Low & Atten: 10 dB

Ref 0.00 dBm

10 kHz
Auto Man

VEW:3dB RBW
10
Auto Man

Span:3dB RBW
106

Auto Man

RBW Conlrolh
[Gaussian,-3 dB]

Center 300.000 MHz Span 2.000 MHz
#Res BW 100 kHz #VBW 10 kHz Sweep 1.60 ms (1001 pts)

MSG

STATUS

9 Decrease the RBW. * Press BW, 10, kHz. The Signal Analyzer 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 2-11.
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Measuring Multiple Signals
Resolving Small Signals Hidden by Large Signals

Step Action Notes

Figure 2-11 Signal resolution with a 10 kHz RBW

71 hgllent Spectrum Analyzer - Swept SA [Prototype Instrument - Not for Sale) rﬂﬁ]m

2 AANT REF | AL Oer 121504 FM Jul 11, 2007 s |
Average/Hold Number 10 Avg Typa: Log-Pwr TRACE creen Image
Input: R PNO: >3k (g 1719: Free Run TR

I Gain:Low Atten: 8 dB

Ref -11.77 dBm

Span 500.0 kHz
#Res BW 10 kHz VEBW 10 kHz Sweep 6.07 ms (1001 pts)

STATUE €3 Align Now, All required

NOTE To make the separate signals more clear in the display, you may need to use averaging.
To set the averaging to 10 averages:

Press Meas Setup.
Press Average/Hold Number, 10, Enter.
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Measuring Multiple Signals
Decreasing the Frequency Span Around the Signal

Decreasing the Frequency Span Around the Signal

Using the analyzer signal track function, you can quickly decrease the span while
keeping the signal at center frequency. This is a fast way to take a closer look at the
area around the signal 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 Select the mode. * Press Mode, Spectrum Analyzer.
2 Preset the analyzer. * Press Mode Preset.

3 Enable theinternal 50 MHz + Press Input/OQutput, RF Calibrator,

amplitude reference signal. 50 MHz.
4 Set the start and stop a. Press FREQ Channel, Start Freq,
frequencies. 20, MHz.
b. Press FREQ Channel, Stop Freq, 1,
GHz.

b Turn on the signal tracking + Press Span X Scale, Signal Track This places a marker at the
function. (Span Zoom) ((n). peak,. moves the signal to the
center of the screen. and
initiates Signal Track.

See Figure 2-12.

Figure 2-12 Signal Tracking on Before Span Decrease
.._',;.lglhnlspgcu.lrmlyzu-sweptsl . - :]EIE

Input Rel  PHO: Fast Ly 1719: Fres Run
SIG TRE IFGain:L H*T Atten: 10 dB

Ref 0.00 dBm

Center 494 MHz ] i ) ) ~ Span 258.8 MHz
Res BW 2.4 MHz VBW 2.4 MHz Sweep 1.00 ms (1001 pts)

STATUS. 1 AC coupled: Accy unspec'd < 10MHz
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Measuring Multiple Signals
Decreasing the Frequency Span Around the Signal

Step Action

Notes

6 Set the calibration signal *  Press Mkr —, Mkr —Ref Lvl.

to the reference level.

Because the signal track
function automatically
maintains the signal at the
center of the screen, 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.

Press SPAN X Scale, Span, 200,
kHz.

7 Reduce the span and .
resolution bandwidth.

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.

Figure 2-13 Signal Tracking After Zooming in on the Signal
 Aghent Spectrum Analyzer - Swept SA
=) LIS ALIT 02:30:19 PM Jdl 31, 2006
Span 200.000000 kHz ) Avg Type: Log-Pur TRACE
Input: Rt PND: >30k - Trig: Frae Run
SiG TRK IFGain:L ew Arten: 6 dB
Ref-23.050Bm
Center 50,0000 MHz " Span 200.0 kHz
Res BW 1.8 kHz Sweep 74.5 ms (1001 pts)|
8 Turn Signal tracking off. * Press SPAN X Scale, Signal Track

(OfFf).
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Measuring Multiple Signals

Easily Measure Varying Levels of Modulated Power Compared to a Reference

Easily Measure Varying Levels of Modulated Power Compared to a Reference

This section demonstrates a method to measure the complex modulated power of a
reference device or setup and then compare the result of adjustments and changes to
that or other devices.

The Delta Band/Interval Power Marker function will be used to capture the simulated
signal power of a reference device or setup and then compare the resulting power
level due to adjustments or DUT changes.

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.

2 Set up the signal sources.

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

. Set the source frequency to 1.96

GHz.

. Set the source amplitude to

—10 dBm.

3 Select the mode.

Press Mode, Spectrum Analyzer.

4 Preset the analyzer.

Press Mode Preset.

5 Tune to W-CDMA signal.

Press FREQ Channel, Auto Tune,
300, MHz.

6 Set the analyzer reference
level.

Press AMPTD Y Scale, Ref Level,
0, dBm.

7 Enable trace averaging.

Press Trace/Detector, Select
Trace, Trace 1, Trace Average.
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Measuring Multiple Signals

Easily Measure Varying Levels of Modulated Power Compared to a Reference

Step

Action

Notes

8 Enable the Band/Interval
Power Marker function.

Press Marker Function,
Band/Interval Power.

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

9 Center the frequency of
the Band/Interval Power
marker.

Press Select Marker, Marker 1,
1.96, GHz.

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

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

Press Marker Function, Band
Adjust, Band/Interval Span, 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.

Figure 2-14

Power Marker

I Agilent Spectrum Analyzar - Swapt Sk

Band Span 20.000000000 MHz
PHO: Fast L,
IFGain:L ow

Input: RF

Ref 0.00 dBm

Center 1.95937 GHz
Res BW 510 kHz

VBW 51 kHz

Avg Type: Pwr(RMS}
" Trig: Free Run Avg|Held: >100/100

Atten: 10 dB

et i et

~ Span 56.62 MHz
Sweep 2.27 ms (1001 pts)

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

EEx

Marker Function

02:22:37 PM Sap 28, 2006
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Measuring Multiple Signals

Easily Measure Varying Levels of Modulated Power Compared to a Reference

Step Action

Notes

11 Enable the Delta Band .
Power Marker
functionality.

Press Marker, Select Marker,
Marker 1, Delta.

This will change the reference
Band Power Marker into a
fixed power value (labeled X2)
and initiate a second Band
Power Marker (labeled 1 A 2)
to measure any changes in
power levels relative to the
reference Band Power Marker
X2.

Set the source amplitude to
—20 dBm.

12 Simulate a varying power .
level resulting from either
adjustments, changes to
the reference DUT, or a
different DUT by lowering
the signal source power.

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

Figure 2-15
a Reference

71 Agilent Spectrum Analyzer - Swept SA
( 506 |
Marker 1 A 0.000 Hz
Input: RF

| ANINT REF| | ANALIGN OFF
Avg Type: Pwr(RMS)
Avg|Hold: >100/100 !

| 11:52:17
TRA

Trig: Free Run

PNO: Fast )
" Atten: 10 dB o

IFGain:Low

Ref 0.00 dBm

Center 1.96005 GHz

Res BW 560 kHz VBW 56 kHz

{Prototype Instrument - Not for Sale)

Delta Band Power Markers Displaying Lower Modulated Power Level Compared to

EEX

Screen Image

Themes.
AMkr1 0 3D Color
Band Power -10.047 dB

"~ Span 57.29 MHz
Sweep 1.87 ms (1001 pts)
sTATUS €3 Align Now, All required
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Measuring Multiple Signals
Easily Measure Varying Levels of Modulated Power Compared to a Reference
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Measuring a Low—Level Signal

Measuring a Low—Level
Signal
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Measuring a Low—Level Signal
Reducing Input Attenuation

Reducing Input Attenuation

The ability to measure a low-level signal is limited by internally generated noise in the
signal analyzer. The measurement setup can be changed in several ways to improve
the analyzer sensitivity.

The input attenuator affects the level of a signal passing through the instrument. If a
signal is very close to the noise floor, reducing input attenuation can bring the signal
out of the noise.

CAUTION 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 generator.  a. Set the frequency to 300 MHz.
b. Set the amplitude to —80 dBm.

2 Connect the source RF

OUTPUT to the analyzer RF
INPUT as shown.
3 Select the mode. * Press Mode, Spectrum Analyzer.
4 Preset the mode. * Press Mode Preset.
b Set the center frequency, a. Press FREQ Channel, Center Freq,
span and reference level. 300, MHz.

b. Press SPAN X Scale, Span, 5, MHz.

c. Press AMPTD Y Scale, Ref Level, 40,
—dBm.

6 Move the peak to the center « Press Peak Search, Marker —>,
of the display. Mkr —> CF.
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Measuring a Low—Level Signal
Reducing Input Attenuation

Step Action Notes

7 Reduce the span. *  Press Span, 1, MHz. If necessary re-center the
peak.

8 Set the attenuation. * Press AMPTD Y Scale, Attenuation, Increasing the attenuation

Mech Atten or Atten (Man), 20, dB.  moves the noise floor closer
to the signal level.

A "#" mark appears next to
the At t en annotation at the
top of the display, indicating
that the attenuation is no
longer coupled to other
analyzer settings.

See Figure 3-1.

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

_ - i S e e -

irguil Mech Aoter I s i
B ......* e 3 gl

Bl ). 00 OB

Cepter J00 G0 BT Bpan 108 ke
Pl B 0.1 kH2 VEN 3.1 KHT Saseep 140 ms (1090 )

NOTE The CXA does not have a mechanical attenuator. Therefore, the Attenuation menu will be
different than the one shown.

9 Change the attenuation to * Press AMPTD Y Scale, Attenuation,
see the signal more clearly. Mech Atten or Atten (Man), 0, dB.
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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

) Agilent Specirum Analyzer - Swept SA EES
1248 ), 2006

Input Mech Atten 0 dB . . Avg Type: Log-Pur Atsritation

nput; RF PNO: >30k g 178 Free Run .
" [FGain-Hightl  #Atten: 0 dB r Mech Atten
W K 0dB
A Auto Man

Ref -40.00 dBm

Center 300.0000 MHz ) Span 1.000 MHz
Res BW 9.1 kHz VBW 9.1 kHz Sweep 14.6 ms (1001 pts)

CAUTION When you finish this example, increase the attenuation to protect the analyzer RF
input:

Press AMPTD Y Scale, Attenuation, Mech Atten or Atten (Auto), or press
Auto Couple.
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Measuring a Low—Level Signal
Decreasing the Resolution Bandwidth

Decreasing the Resolution Bandwidth

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

Step Action Notes
1 Set up the signal generator.  a. Set the frequency to 300
MHz.
b. Set the amplitude to
—80 dBm.
2 Connect the source RF
OUTPUT to the analyzer RF
INPUT as shown.
3 Select the mode. *  Press Mode, Spectrum
Analyzer.
4 Preset the mode. *  Press Mode Preset.
b Set the center frequency, a. Press FREQ Channel, See Figure 3-3.
span and reference level. Center Freq, 300, MHz.
b. Press SPAN X Scale, Span,
50, MHz.
c. Press AMPTD Y Scale, Ref
Level, 40, —dBm.
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Measuring a Low—Level Signal
Decreasing the Resolution Bandwidth

Step Action Notes

Figure 3-3 Default resolution bandwidth

L Agilant Spectrum Analyzar - Swapt SA E-El
: EHEE I LI LT 112:34:00 PM 34 31, 2008
Reference Level -40.00 dBm Avg Type: Log-Pur e Ampifiice
Input {F PNO: Fast Cy L‘:ﬁ" F'S':g'“" e
IFGaln:Low & an: RelfLevel

-40.00 dBm
Ref 40.00 dBm

'f N!‘Iﬁ'" G '?[]‘riwi'x'm(“'“uw

Center 300,00 MHz Span 50.00 MHz
Res BW 470 kHz VEW 470 kHz Sweep 1.00 ms (1001 pts)

6 Decrease the RBW. *  Press BW, 47, kHz. The low-level signal appears more
clearly because the noise level is
reduced. See Figure 3-4.

Figure 3-4 Decreasing Resolution Bandwidth

] Agitent Spectrum Analyzer - Swept SA [ ]

| 02:34:31 PM 1431, 2006

RBW 47 kHz ) — Avg Typa:Leg-Pwr rw.E.
s : ol Trig: Free Run TYPE
Input: RF PHO: Fast ]
E WFGainlowd  Atten: 6 dB oer

Ref 40.00 dBm

Center 300,00 MHz ) ) ) ) " Span 50.00 MHz
#Res BW 47 kHz VBW 47 kHz Sweep 27.3 ms (1001 pts)

Mso STATUS

A “#" mark appears next to the Res BWannotation in the lower left corner of the screen, indicating that
the resolution bandwidth is uncoupled.
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Measuring a Low—Level Signal
Decreasing the Resolution Bandwidth

RBW Selections You can use the step keys to change the RBW in a 1-3—10 sequence.

All 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 by about 10:1 for swept measurements, and about 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. This enables you to
make the trade off between sweep time and sensitivity with finer resolution.
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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

When the analyzer noise masks low-level signals, changing to the average detector
and increasing the sweep time smooths the noise and improves the signal visibility.
Slower sweeps are required to average more noise variations.

Step

Action

Notes

1 Set up the signal
generator.

a. Set the frequency to 300

MHz.

b. Set the amplitude to

—80 dBm.

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

3 Select the mode.

Press Mode, Spectrum
Analyzer.

4 Preset the mode.

Press Mode Preset.

b Set the center frequency,
span and reference level.

. Press FREQ Channel,

Center Freq, 300, MHz.

. Press SPAN X Scale, Span,

5, MHz.

. Press AMPTD Y Scale, Ref

Level, 40, —dBm.

50



Measuring a Low—Level Signal
Using the Average Detector and Increased Sweep Time

Step Action Notes
6 Select the average * Press Trace/Detector, The number 1 (Trace 1 indicator) in the
detector. More 1 of 2, Detector, Trace/Detector panel (in the upper
Average (Log/RMS/V). 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 ben set to “A” indicating
that the Average detector has been
selected. See Figure 3-5.

7 Increase the sweep time. *  Press Sweep/Control, The noise smooths out, as there is
Sweep Time (Man), 100, more time to average the values for
ms. each of the displayed data points.

8 Change the average type * Press Meas Setup, Note how the noise level drops.

to log averaging. Average Type, Log-Pwr
Avg (Video).
Figure 3-5 Varying the sweep time with the average detector

T Agilent Spectrum Analyzer - Swept SA @@g]

506 | SENSE:NT] | ALIGNAUTO

Average/Hold Number 100 ) #Avg Type: Log-Pwr
Input: RE PNO: >30k (,) 11g:Free Run
IFGain:Low@  Atten: 6 dB Average/Hold

Number
100

Meas Setup

Ref -40.00 dBm

Average Type
Log-Pwr (Video) »
Auto Man

N dB Points
3.01dB
||On Off

PhaseNoise Opt
£>30 kHz»

| | Auto Man

ADC Dither
onk
to Man

Center 300.000 MHz Span 5.000 MHz 10f2

Res BW 47 kHz VBW 4.7 kHz #Sweep 100 ms (1001 pts) %
IMSG STATUS
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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. Selecting averaging, when the analyzer is
autocoupled, 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.

NOTE This is a trace processing function and is not the same as using the average detector
(as described on page 50).

Step Action Notes

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

2 Connect the source RF
OUTPUT to the analyzer RF

INPUT as shown.
3 Select the mode. * Press Mode, Spectrum Analyzer.
4 Preset the mode. * Press Mode Preset.
5 Set the center frequency, a. Press FREQ Channel, Center Freq,
span and reference level. 300, MHz.

b. Press SPAN X Scale, Span, 5, MHz.

c. Press AMPTD Y Scale, Ref Level, 40,
—dBm.
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Measuring a Low—Level Signal
Trace Averaging

Step Action Notes
6 Turn on Averaging. * Press Trace/Detector, Trace As the averaging routine
Average. smooths the trace, low level

signals become more visible.
Avg/Hold >100 appears in
the measurement bar near
the top of the screen.
SeeFigure 3-6.

7 Set number of averages. * Press Meas Setup, Average/Hold Annotation above the
Number, 25, Enter. 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.

Figure 3-6 Trace Averaging

.:mhﬁl Specirum Analyrer - Swepl SA Em

- 0300512 PM Ml 31, 2008
Reference Level -40.00 dBm Avg Type: Log-Pwr TRACE TraceiDet

Input: RF PNO: >30k 1 17ig: Free Run AvgHold: >100/100
IFGainiowld  Atten: 6 dB

Ref -40.00 dBm

D et ey Bt e e b e e

Center 300.000 MHz ) - - ~ Span 5.000 MHz|
Res BW 47 kHz VEW 47 kHz Sweep B.67 ms (1001 pts)

Changing most active functions restarts the 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.

NOTE If you want the measurement to stop after the set number of sweeps, use single
sweep: Press Single and then press the Restart key.
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Trace Averaging
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Improving Frequency Resolution and Accuracy

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

Using a Frequency Counter to Improve Frequency Resolution and Accuracy

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

Step Action Notes

1 Select the mode. * Press Mode, Spectrum Analyzer.

2 Preset the mode. * Press Mode Preset.

3 Enable the internal * Press Input/Output, RF Calibrator,
reference signal. 50 MHz.

4 Set the center frequency a. Press FREQ Channel, Center Freq,

and span. 50, MHz
b. Press SPAN X Scale, Span, 80,
MHz.
5 Turn the frequency counter + Press Marker, More, Marker The marker counter remains
on. Count, Counter (On). on until turned off.
Figure 4-1 Using Marker Counter

I Agilont Spoctrum Analyzer - Swapt SA

Marker 1_51.120000000 MHz s — Avg Type: Log-Pur
Tnput: Rot  PNO; Fast L, 17g: Free Run
IFGaIu:an{ Atten: 10 dB

Ref 0,00 dBm

e

i =

P

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

6 Turn off the marker * Press Marker, More, Marker
counter. Count, Count (Off).
Or

Press Marker, Off.




Tracking Drifting Signals
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Tracking Drifting Signals
Measuring a Source Frequency Drift

Measuring a Source Frequency Drift

The analyzer can measure the short- and long-term stability of a source. The maximum

amplitude level 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 if you want to determine how much of the frequency spectrum a signal

occupies.

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

Step

Action Notes

1 Set up the signal sources.

a.

Set the frequency of the
signal source to 300 MHz.

b. Set the source amplitude to
—20 dBm
2 Instrument setup. * Connect the source RF
OUTPUT to the analyzer RF
INPUT as shown.
3 Set the analyzer to the * Press Mode, Spectrum This enables the spectrum analyzer
Spectrum Analyzer mode. Analyzer. measurements.
4 Preset the analyzer * Press Mode Preset.
b Set the analyzer center a. Press FREQ Channel, Center
frequency, span and Freq, 300, MHz.
reference level. b. .Press SPAN X Scale, Span,
10, MHz.
c. Press AMPTD Y Scale, Ref
Level, 10, —dBm.

6 Place a marker on the peak
of the signal.

Press Peak Search.




Step

Action

Tracking Drifting Signals
Measuring a Source Frequency Drift

Notes

7 Turn on the signal tracking
function.

* Press SPAN X Scale, Signal
Track (On).

8 Reduce the span to 500 kHz.

*  Press SPAN, 500, kHz.

Notice that the signal is held in the
center of the display.

9 Turn off the signal track
function.

* Press SPAN X Scale,
Signal Track (Off).

10 Measure the excursion of
the signal.

* Press Trace/Detector, Max
Hold.

As the signal varies, maximum hold
maintains the maximum responses of
the input signal.

Annotation in the Trace/Detector
panel, upper right corner of the
screen, indicates the trace mode. In
this example, the Min the Type row
under TRACE 1 indicates trace 1 is in
maximum-hold mode.

11 Activate trace 2.

* Press Trace/Detector,
Select Trace, Trace (2).

Trace 1 remains in maximum hold
mode to show any drift in the signal.

12 Change the mode to
continuous sweeping.

* Press Clear Write.

13 Slowly change the
frequency of the signal
generator = 50 kHz in 1 kHz
increments.

Your analyzer display should look
similar to Figure 5-1.
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Tracking Drifting Signals
Measuring a Source Frequency Drift

Step Action Notes

Figure 5-1 Viewing a Drifting Signal With Max Hold and Clear Write
) Agilent Spectrum Analyzer - Swept SA : : - EE&

Span 500.000000 kHz — Avg Type: Log-Pur
Input: RF  PNO: >30k Ly, 1719 Free Run Avg|Hold: >100/100
IFGaln:anf Atten: 6 dB

Ref -10.00 dBm

:.T I # . 1.
L "l“ra'H[
Center 300.0000 MHz
Res BW 4.7 kHz VBW 47 kHz Sweep 66.1 ms (1001 pts)




Tracking Drifting Signals
Tracking a Signal

Tracking a Signal

Step

The signal track function is useful for tracking drifting signals that drift relatively
slowly by keeping the signal centered on the display as the signal drifts. This
procedure tracks a drifting signal.

Note that the primary function of the signal track function is to track unstable signals,
not to track a signal as the center frequency of the analyzer is changed. If you choose
to use the signal track function when changing center frequency, check to ensure that
the signal found by the tracking function is the correct signal.

Action Notes

1 Set up the signal sources. a. Set the frequency of the signal

source to 300 MHz.

b. Set the source amplitude to
—20 dBm.

2 Instrument setup.

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

3 Set the analyzer to the * Press Mode, Spectrum Analyzer. This enables the spectrum
Spectrum Analyzer mode. analyzer measurements.

4 Preset the analyzer. * Press Mode Preset.

b Set the analyzer center * Press FREQ Channel, Center Freq,
frequency, span and 301, MHz.

reference level.

* .Press SPAN X Scale, Span, 10, MHz.

6 Place a marker on the peak + Press Peak Search.

of the signal.
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Tracking a Signal

Step Action

Notes

7 Turn on the signal tracking .

function. (On).

Press SPAN X Scale, Signal Track

Notice that signal tracking
places a marker on the
highest amplitude peak and
then brings the selected
peak to the center of the
display. After each sweep
the center frequency of the
analyzer is adjusted to keep
the selected peak in the
center.

8 Turn on the delta marker. * Press Marker, Delta.

9 Tune the frequency of the
signal generator in 100 KHz

Notice that the center
frequency of the analyzer

increments. also changes in 100 kHz
increments, centering the
signal with each increment.
Figure 5-2 Tracking a Drifting Signal

I Agilant Spoctrum Analyzar - Swept SA

Marker 1 A 2.000000000 MHz Avg Type: Log-Pwr
Ingut: RE PNO: >
SIG TRK 1F Gain:|

v Trig: Free Run
Atten: 10 dB

Ref 0.00 dBm

I i Iy

¥ ]I LY
Center 8Ty
Res BW 91 kHz

VBW 91 kHz

01:29-04 P Jun 30, 2006
TRACE

Sweep 1.47 ms (1001 pts)
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Making Distortion
Measurements
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Making Distortion Measurements
Identifying Analyzer Generated Distortion

Identifying Analyzer Generated Distortion

High level input signals may cause internal analyzer distortion products that could
mask the real distortion measured on the input signal. Using trace 2 and the RF
attenuator, you can determine which signals, if any, are internally generated distortion
products.

Using a signal from a signal generator, determine whether the harmonic distortion
products are generated by the analyzer.

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.

3 Select the mode. * Press Mode, Spectrum Analyzer.

4 Set the analyzer center a. Press FREQ Channel, Center Freq, The signal produces harmonic
frequency, span, and 400, MHz. distortion products (spaced 200
video bandwidth. b. Press SPAN X Scale, Span, 500, MHZ frqm the original ?00 MHz

signal) in the analyzer input
MHz. ; . .
mixer as shown in the following
c. Press BW, Video BW, 30, kHz. graphic. See Figure 6-1
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Making Distortion Measurements
Identifying Analyzer Generated Distortion

Step Action Notes

Figure 6-1 Harmonic Distortion

;J'_ullmt Spectrum Analyzar - Swapt SA

O4:09:00 PM A 31, 2000

L SEMNSEIN LIGNALITO
Video BW 30 kHz Avg Typa: Log-Puwr Track U
Input: RF PHO: Fast Ly 11g:Fras Run "
IFGain:Low Attan: 10 dB

Ref 0.00 dBm

\ 1 RBW Control
WMM“ | [Gaussian,3 dB]
|
~"“"'m.. '

H
IR MIGAA |pan g b M e Y

Center 400.0 MHz Span 500.0 MHz
Res BW 3.0 MHz #VBW 30 kHz Sweep 4.33 ms (1001 pts)

i STATUS

b Change the center * Press Peak Search, Next Peak,
frequency to the value of Mkr—CF.
the second harmonic.

6 Change the span to a. Press SPAN X Scale, Span, 50,
50 MHz and re-center MHz.
the signal. b. Press Peak Search, Mkr—CF.

7 Set the attenuation to *  Press AMPTD Y Scale, Attenuation,
0 dB. 0, dB.

8 Save the trace data in * Press Trace/Detector, Select Trace,
trace 2. Trace 2, Clear Write.

9 Allow trace 2 to update. = PressTrace/Detector, View/Blank, Minimum of two sweeps.
View, Trace On.

10 Place a delta markeron ~ + Press Peak Search, Marker Delta. The analyzer display shows the
the harmonic of trace 2. stored data in trace 2 and the
measured data in trace 1. The
AMkr1 amplitude reading is the
difference in amplitude between
the reference and active
markers.
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Making Distortion Measurements
Identifying Analyzer Generated Distortion

Step Action

Notes

11 Increase the RF * Press AMPTD Y Scale, Attenuation,

attenuation to 10 dB. 10, dB.

Notice the AMkr1 amplitude
reading. This is the difference in
the distortion product amplitude
readings between 0 dB and

10 dB input attenuation
settings. If the AMkr1 amplitude
absolute value 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 AMkr1
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.

Figure 6-2 RF Attenuation of 10 dB

= Agilent Spectrum Analyzer - Swept SA
| SENSEUNT]

ALIGNAUTO

Input Mech Atten 10 dB -
Input: RF PNO: Fast () 1119:Free Run
IFGain:LowE  #Atten: 10 dB

Ref -20.00 dBm

ﬂ.““jHWﬁ;"1%N~Wf!ﬁ.f“ﬁ=%‘*ﬂ%,ﬁﬂﬂﬁﬂ%ﬁﬂ wmmw,‘wmwwﬂ

Center 400.05 MHz
Res BW 470 kHz #VBW 30 kHz

Avg Type: Log-Pwr

Attenuation
Mech Atten
10 dB

&Mkz.agaezz Man

* Enable
Elec Atten

on of
P——

Mech Atten Step
2dB 10 dB

Max Mixer Lvi
Span 50.00 MHz )
Sweep 2.80 ms (1001 pts)




Making Distortion Measurements

Third-Order Intermodulation Distortion

Third-Order Intermodulation Distortion

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.

This procedure tests a device for third-order intermodulation using markers. Two
sources are used, one set to 300 MHz and the other to 301 MHz. This combination of
signal generators and a directional coupler (used as a combiner) results in a two-tone
source with very low intermodulation distortion. Although the distortion from this
setup may be better than the specified performance 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
directional coupler output and the analyzer input.

Step

Action

Notes

1 Connect two sources to the
analyzer RF INPUT as
shown.

The coupler should have a high
degree of isolation between
the two input ports so the
sources do not intermodulate.

2 Set up the signal sources.

. Set the frequency of signal

generator #1 to 300 MHz

. Set the frequency of signal

generator #2 to 300.1 MHz.

Set signal generator #1 amplitude

to -5 dBm.

. Set signal generator #2 amplitude

to -5 dBm.

This produces a frequency
separation of 1 MHz.

Sets the sources equal in
amplitude as measured by the
analyzer.
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Making Distortion Measurements

Third-Order Intermodulation Distortion

Step

Action

Notes

3 Select the mode.

Press Mode, Spectrum Analyzer.

4 Preset the analyzer.

Press Mode Preset.

b Set the analyzer center
frequency and span.

Press FREQ Channel, Center Freq,

300.5, MHz.

Press SPAN X Scale, Span, b, MHz

6 Set the analyzer detector to
Peak.

Press Trace/Detector, Detector,
Peak.

7 Set the mixer level to
improve dynamic range.

Press AMPTD Y Scale,
Attenuation, Max Mixer Lvl, 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.

8 Move the signal to the
reference level.

Press Peak Search, Mkr —, Mkr
— Ref Lvl.

9 Reduce the RBW until the
distortion products are
visible.

Press BW, Res BW, ..

10 Activate the second marker
and place it on the peak of
the distortion product
closest to the marker test
signal.

Press Peak Search, Marker Delta,

Next Left or Next Right (as
appropriate).

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

11 Measure the other
distortion product

Press Marker, Normal,
Peak Search, Next Peak.

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

Press Marker, Normal, Marker
Delta, Next Left or Next Right (as
appropriate).

See Figure 6-3.




Step Action

Making Distortion Measurements
Third-Order Intermodulation Distortion

Notes

Figure 6-3 Measuring the Distortion Product

E].lgilent Spectrum Analyzer - Swept SA

| | SENSEUNT] | ALIGNALTO

[SE0

| 02:58:56 PM Ul 17, 2006

|
Marker 1 A -1.000000000 MHz Avg Type: Log-Pwr

Input: RE PNO: >30k Ly, ) 1119 Free Run
IFGain:Low Atten: 6 dB

Ref -5.86 dBm

Center 300.500 MHz

#Res BW 1.0 kHz VBW 1.0 kHz

"~ Span 5.000 MHz
Sweep 6.03 s (1001 pts)

Peak Search

NextPeak
[
Next Left

Next Right
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Measuring Noise

Measuring Signal-to-Noise

Measuring Signal-to-Noise

Signal-to-noise is a ratio used in many communication systems as an indication of
noise in a system. Typically the more signals added to a system adds to the noise level,
reducing the signal-to-noise ratio making it more difficult for modulated signals to be
demodulated. This measurement is also referred to as carrier-to-noise in some
communication systems.

The signal-to-noise 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 50 MHz amplitude reference signal is used as the fundamental
signal. The amplitude reference signal is assumed to be the signal of interest and the
internal noise of the analyzer is measured as the system noise. To do this, you need to
set the input attenuator such that both the signal and the noise are well within the
calibrated region of the display.

Step Action Notes

1 Set the analyzer to the * Press Mode, Spectrum Analyzer. This enables the spectrum
Spectrum Analyzer mode. analyzer measurements.

2 Preset the analyzer. * Press Mode Preset.

3 Enable the internal * Press Input/Output, RF Calibrator,
reference signal. 50, MHz.

Set the center frequency, a. Press FREQ Channel, Center Freq,
span, reference level and 50, MHz.

attenuation.

b. Press SPAN X Scale, Span, 1, MHz.
c. Press AMPTD Y Scale, Ref Level,

-10, dBm.
d. Press AMPTDY Scale, Attenuation,
40, dB.
b Place a marker on the « Press Peak Search, Marker Delta,
peak of the signal and 200, kHz.
place a delta marker in the
noise.
6 Turn on the marker noise * Press Marker Function, Marker This enables you to view the
function. Noise. signal-to-noise measurement

results.
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Measuring Signal-to-Noise

Step Action Notes

Figure 7-1 Measuring signal-to-noise
:, Agilant Spectrum Analyzer - Swept SA E-__I@lgl

Marker 1 A 200.000000 kHz Marker Function

Inpuit: Ref  PNO: >30k Ly 1719: Free Run
IFGain:Low®  #Atten: 40 dB

Ref -10.00 dBm

142

Akt GG U Wﬁk{hﬂ-\mm\"nf,U["*‘M1‘*"**;.Hﬁkﬁ,i~ﬁﬁ+‘

Center 50.0000 MHz ' ) ' N ' ~Span 1.000 MHz
Res BW 9.1 kHz VEW 910 Hz Sweep 122 ms (1001 pts)

Read the signal-to-noise 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 10 x log(BW) . 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)

NOTE When Noise Marker is activated, the display detection mode is set to Average.

NOTE When using the Noise Marker, if the delta marker is closer than one quarter of a
division from the edge of a discrete signal response, the amplitude reference signal in
this case, there is a potential for error in the noise measurement. See “Measuring
Noise Using the Noise Marker” on page 74.
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Measuring Noise Using the Noise Marker

Measuring Noise Using the Noise Marker

This procedure uses the marker function, Marker Noise, to measure noise ina 1 Hz
bandwidth. In this example the noise marker measurement is made near the 50 MHz
reference signal to illustrate the use of Marker Noise.

Step

Action

Notes

1 Set the analyzer to the

Spectrum Analyzer mode.

*  Press Mode, Spectrum
Analyzer.

This enables the spectrum analyzer
measurements

2 Preset the analyzer.

*  Press Mode Preset.

3 Enable the internal
reference signal.

* Press Input/Output, RF
Calibrator, 50, MHz.

4 Set the center frequency,
span, reference level and
attenuation.

a. Press FREQ Channel,
Center Freq, 49.98, MHz.

b. Press SPAN X Scale, Span,

100, kHz.

c. Press AMPTD Y Scale, Ref

Level, —10, dBm.

d. Press AMPTD Y Scale,
Attenuation, Mech Atten
Man, 40, dB.

5 Turn on the noise marker.

* Press Marker Function,
Marker Noise.

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 the 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 /og(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.

*  Press Sweep/Control,
Sweep Time, 3, s.

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).
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Step

Action

Measuring Noise
Measuring Noise Using the Noise Marker

Notes

7 Move the marker.

* Press Marker, 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.

*  Press Marker Function,
Band Adjust,
Band/Interval Span, and
adjust the value to the
desired marker width.

Notice that the marker does not go to
the peak of the signal unless the
Band/Interval Span is set to 0 Hz
because otherwise there are not
enough points at the peak of the signal.
With a Band Interval Span greater than
0 Hz, the noise marker is also averaging
points below the peak due to the
narrow RBW.

9 Widen the resolution
bandwidth.

*  Press BW, Res BW, 10,
kHz.

This allows the marker to make a more
accurate peak power measurement
using the noise marker as shown in
Figure 7-2.
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Measuring Noise Using the Noise Marker

Step Action Notes
Figure 7-2 Noise marker
h Agilent Specirum Analyzer - Swapt SA
A 03:08: 18 PM Jun 30, 2006
Marker 1 50.000000000 MHz - Avg Type: PwriRMS) TRACE -
Input: Ref  PNO: 30k Ly 1rig: Free Run it
IFGain:Luwﬂ» #Atten: 40 dB et
Ref -10.00 dBm
i‘mt.; AR, Al Ty e -‘!‘h‘-.f»»q rat f
Center 49.98000 MHz Span 100.0 kHz
#Res BW 10 kHz VBW 1.0 kHz #Sweep 3.00 s (1001 pts)
10 Set the analyzer to zero a. Press Mkr—, Mkr—CF. Note that the marker amplitude value is
span at the marker now correct since all points averaged
p b. Press SPAN X Scale, Zero P g
frequency. are at the same frequency and not

Span.

c. Press Marker.

influenced by the shape of the
bandwidth filters. See Figure 7-3.

Remember 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).
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Step Action

Measuring Noise
Measuring Noise Using the Noise Marker

Notes

Figure 7-3 Noise Marker with Zero Span

al;ﬂllnl Specirum Analyzer - Swept 5A

Marker 1 1.50000 s

Inputz el PHO: »30k L, 17ig:Free Run

IFGain:Lows  #Atten: 40 dB

Ref -10.00 dBm

Center 50.000000 MHz
Res BW 10 kHz

Msa i Aligning 2 of 2

VBW 1.0 kHz

(=15

D4:18:56PM Aug 01, 2006
Marker Function

Avg Type: owtRMS) TRACE

Balecl:llulmr.
1

Marker Noise

Band Adjust»

| | Measureat |
Span 0 Hz Marker

Sweep 3.000 s (1001 pts)

STATUS

77



Measuring Noise
Measuring Noise-Like Signals Using Band/Interval Density Markers

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 and conveniently select any arbitrary portion of the
displayed signal. However, while the analyzer, when autocoupled, makes sure the
analysis is power-responding (rms voltage-responding), you must set all of the other

parameters.
Step Action Notes
1 Set the analyzer to the * Press Mode, Spectrum Analyzer. This enables the spectrum
Spectrum Analyzer mode. analyzer measurements.
2 Preset the analyzer * Press Mode Preset.
3 Set the center frequency, a. Press FREQ Channel, Center Freq,

span, reference level and 50, MHz.
attenuation. b. Press SPAN X Scale, Span, 100,
kHz.
c. Press AMPTD Y Scale, Ref Level,
-20, dBm.

d. Press AMPTD Y Scale,
Attenuation, 40, dB.

4 Measure the total noise * Press Marker Function,
power between the Band/Interval Density.
markers.
b Set the band span. * Press Band Adjust,
Band/Interval Span, 40, kHz.
6 Set the resolution and a. Press BW, Res BW, 1, kHz. Common practice is to set the
: . . i 0
video bandwidths. b. Press BW, Video BW, 10, kHz. resolution bandwidth from 1%
to 3% of the measurement
(marker) span, 40 kHz in this
example.
7 Enable the internal 50 MHz  « Press Input/Output, RF Adds a discrete tone to see the
amplitude reference signal Calibrator, 50 MHz. effects on the reading. See
of the analyzer. Figure 7-4.
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Measuring Noise-Like Signals Using Band/Interval Density Markers

Step Action Notes

Figure 7-4 Band/Interval Density Measurement

il Aglient Spectrum Analyzer - Swept SA F'-"E]m
il 5 i 4 U: 10:33 PM un 30, 2000

Video BW 10 kHz — Ava Type: Pur(RMS) TRACE Inputioutput

Input: el BNO: =21k () 17ig:Free Run Im.
IF GainLow @ #Atten: 40 4B RF Input’
< D [AC, 500]

Ref -20.00 dBm

RF Calibrator
(Prasat= Off)
50 MHz

External Gain

Span 100.0 kHz
#Res BW 1.0 kHz #VBW 10 kHz Sweep 119 ms (1001 pts)

Msa L Input is intermal STATUS

8 Set the Band/Interval * Press Marker Function, This allows you to move the
Density Markers. Band/Interval Density. markers (set at 40 kHz span)
around without changing the
Band/Interval span. Use the
front-panel knob to move the
band power markers and note
the change in the power reading
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Measuring Noise-Like Signals Using Band/Interval Density Markers

Step Action Notes

Figure 7-5 Band/Interval Density Measurement

1 Agilent Spectrim Analyzer - Swept SA

Marker 1 SD.UDQQUDODD MHz _
Input; Rel  PRO: <#0k L) 17ig: Free Run
IFGain:Low®  #Atten: 40 dB

Ref -20.00 dBm

| —
| Band/interval
Density

Center 50.00000 MHz
#Res BW 1.0 kHz #VBW 10 kHz

NOTE Band/Interval Density Markers can be changed to read the total absolute power by pressing
Marker Function, Band/Interval Power.




Measuring Noise

Measuring Noise-Like Signals Using the Channel Power Measurement

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

Set the analyzer to the
Spectrum Analyzer mode

Press Mode, Spectrum Analyzer.

This enables the spectrum
analyzer measurements.

2 Preset the analyzer. * Press Mode Preset.
3 Set the center frequency, + Press FREQ Channel, Center Freq,
50, MHz.

4 Start the channel power * Press Meas, Channel Power,
measurement.

b Enable the bar graph. » Press View/Display, Bar Graph,

On.

6 Enable the internal * Press Input/Output, RF Calibrator,  This adds a discrete tone to
50 MHz amplitude 50 MHz. see the effects on the reading.
reference signal.

7 Optimize the analyzer *  Press AMPTD, Attenuation, Adjust  Your display should be similar

attenuation level setting.

Atten for Min Clip.

to Figure 7-6.
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Step Action Notes

Figure 7-6 Measuring Channel Power

] Agilent Spectrum Analyzer - Channel Power

| | SENSEINT| | ALIGNAUTO 5 PM Aug 02, 2006 -
Mech Atte CH Freq: 50.000000 MHz R: : Attenuatio
Input: Ref . Trig:Free Run Avg|Held:>10M0

#IFGain:Lowd  #Atten: 10 dB

Mech Atten
10 dB

Enable
Elec Atten

I ||_9.

Adjust Atten
for Min Clip

-25.0dEm

Center 50 MHz ] ] Span 3 MHz|
Res BW 27 kHz VBW 270 kHz Sweep 12.07 ms|

Mech Atten Step
Channel Power Power Spectral Density = (0eb

-25.00 dBm/ 2 MHz -88.01 dBm/Hz

The power reading is essentially that of the tone; that is, 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 combination.
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Measuring Signal-to-Noise of a Modulated Carrier

Step

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

With modern complex digital modulation schemes, measuring the modulated carrier
requires capturing all of its power accurately. This procedure uses the Band Power
Marker with a RMS average detector to correctly 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 just 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 sources. a. Setup a 4 carrier W-CDMA signal.

b. Set the source frequency to 1.96 GHz.

c. Set the source amplitude to —10 dBm.

2 Instrument setup.

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

3 Set the analyzer to the *  Press Mode, Spectrum Analyzer This enables the spectrum
Spectrum Analyzer mode. analyzer measurements

4 Preset the analyzer. * Press Mode Preset.

b Tune to the W-CDMA * Press FREQ Channel, Auto Tune.
signal.
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Measuring Noise
Measuring Signal-to-Noise of a Modulated Carrier

Step Action Notes
6 Enable the Band Power * Press Marker Function, This measures the total
Marker function. Band/Interval Power. power of the 4 carrier
W-CDMA signal.

7 Center the frequency of the + Press Select Marker 1, 1.96, GHz
Band Power marker on the
signal.

8 Adjust the width (or span) * Press Marker Function, Band Adjust, This encompasses the

of the Band Power marker. Band/Interval Span, 20, MHz. entire 4 carrier W-CDMA
signal.
Figure 7-7 4 Carrier W-CDMA Signal Power using Band Power Marker

Elgilem Spectrum Analyzer - Swept SA

| sog | | | SEMSENNT] | ALIGNAUTO  [03:42:56PM Sep 21, 2006
Band Span 20.000000000 MHz i Avg Type: Pwr(RMS)
Input: RF PNO: Fast (, 1rig:Free Run

IFGain:Low Atten: 6 dB

Mkr1 1.960 00 GHz
Ref -10.52 dBm Band Power -11.99 dBm

Center 1.96004 GHz Span 54.56 MHz
Res BW 510 kHz VBW 51 kHz Sweep 2.13 ms (1001 pts)

MG STATUS

EEX

Band Adjust

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 Markers Result Block.

9 Enable the Noise Marker * Press Marker Function, Select This measures the system
using marker 2. Marker, Marker 2, Marker Noise. noise power.

10 Move the Noise Marker2to « Press Select Marker 2, 1.979, GHz. This encompasses the

the system noise frequency desired noise power.
of interest.

11 Adjust the width of the * Press Marker Function, Select See Figure 7-8.
noise marker region. Marker, Marker 2, Band Adjust,

Band/Interval, 5, MHz.
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Measuring Signal-to-Noise of a Modulated Carrier

Step Action Notes

Figure 7-8 Noise Marker Measuring System Noise
:lgihnl Spoctrum Analyzer - Swepl SA

Marker 2 1.979000000000 GHz
Input: RE  PHO: Fast ) 17ig: Free Run
IFGain:Low Amten: 6 dB

Ref -10.52 dBm

\"':jl‘f'r"'.l."l'ﬁl;

Center 1.96004 GHz ] ) Span 54.56 MHz
Res BW 510 kHz VBW 51 kHz Sweep 2.13 ms (1001 pts)

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.

12 Measure carrier-to-noise by + Press Marker, Properties, Select See Figure 7-9.
making the Noise Marker Marker, Marker 2, Relative to,
relative to the carrier's Marker 1.

Band Power Marker.
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Measuring Signal-to-Noise of a Modulated Carrier

Step Action

Notes

Figure 7-9 Signal-to-noise measurement

;J'_M,'llmt Spectrum Analyzar - Swapt SA

Marker 2 A Q,OOOOU[IUUU MHz

Inpure: RF

Ref -10.52 dBm

ENSE:IN LI ALITE
Avg Typs: Pwr(RMS) TRACE
PNO: Fast Ly 1T1g:Fres Run TYPE
\FGaln:Low — Atten:6 dB it

I#"['iﬂ"j\*aﬁ{1'1;'1*-‘*M"ﬁﬁ"‘fvﬂl«a1';' y

Span 54.56 MHz

(=11

Properties

10412606 PM Sep 21, 200G

Select Mﬂ'kﬂ'.
2

Relative To |
1

[ |

X Axis

Frequency
Auto Man

Marker Trace
[Tracel, Auto Init]

Lines
off

VEW 51 kHz Sweep 2.13 ms (1001 pts)

STATUS

13 Simultaneously measure a.

carrier-to-noise on a second
region of the system by
enabling another Noise

Marker. C.

Press Marker Function, Select
Marker, Marker 3, Marker Noise.

Press Select Marker 3, 1.941, GHz.

Press Return, Band Adjust,
Band/Interval, 5, MHz.

Press Marker, Properties, Select
Marker, Marker 3, Relative to,
Marker 1.

Up to 11 are available.

14 Enable the Marker Table. .

Press Marker, More 1 of 2, Marker
Table, On.

This enables you to view
results of both
carrier-to-noise
measurements and all other
markers. See Figure 7-10.




Measuring Noise

Measuring Signal-to-Noise of a Modulated Carrier

Step Action Notes

Figure 7-10 Multiple Signal-to Noise Measurements with Marker Table

Input: RE PNO: Fast Gy 111G Free Run
1FGain:l mar Atten: B dB

v Ref -10.76 dBm

4341 ,L'J

-ﬂ'ﬁfﬁ-"?- HII a[ *-in‘ldf

|
Center 1.95997 GHz
Res BW 510 kHz VEW 51 kHz
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Measuring Noise
Improving Phase Noise Measurements by Subtracting Signal Analyzer Noise

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. Utilizing
the analyzer trace math function Power Diff and 3 separate traces allows
measurement of the DUT phase noise in one trace, the analyzer noise floor in a second
trace and then the resulting subtraction of those two traces displayed in a third trace
with the analyzer noise contribution removed.

Step Action Notes

1 Set up the signal sources. a. Setup an unmodulated signal.
b. Set the source frequency to 1.96 GHz.

c. Setthe source amplitude to =30 dBm.

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

3 Set the analyzer to the * Press Mode, Spectrum Analyzer. This enables the spectrum
Spectrum Analyzer mode. analyzer measurements.
4 Preset the analyzer. *  Press Mode Preset.

5 Tune to the unmodulated a. Press FREQ Channel, Auto Tune.
;?Br\rll\;ar, adjust the span and b. Press Span, Span, 200, kHz.
c. Press BW, Res BW, 910, Hz.

6 Measure and store the DUT  a. Press Trace/Detector, Select Trace,  Allow time for sufficient
phase noise plus the Trace 1, Trace Average averaging before initiating

analyzer noise. After sufficient averaging: action b.

b. Press View/Blank, View See Figure 7-11.




Measuring Noise
Improving Phase Noise Measurements by Subtracting Signal Analyzer Noise

Step Action Notes

Figure 7-11 Measurement of DUT and Analyzer Noise

1 Agitent Spectrum Analyzer - Swept SA
-

) F B i
RBW 910 Hz Avg Type: Log-Pwr
Input: RF PNO: >30k y) 178: Frae Run
IFGain:Low Atten: 6 dB

Ref -21.85 dBm

Trace Average

Center 1.9599998 GHz ] ] ] ] Span 200.0 kHz
#Res BW 910 Hz VBW 910 Hz Sweep 921 ms (1001 pts)

7 Measure only the analyzer a. Turn off or remove the DUT signal to
noise using trace 2 (blue the RF input of the analyzer.

trace) with trace averaging. b. Press Trace/Detector, Select Trace,  Allow time for sufficient

Trace 2, Clear Write, Trace Average. averaging.

c. Press View/Blank, View. See Figure 7-12.




Measuring Noise
Improving Phase Noise Measurements by Subtracting Signal Analyzer Noise

Step Action Notes

Figure 7-12 Measurement of Analyzer Noise
_'_ Agilent Spectrum Analyzer - Swept SA

LT : i
RBW 810 Hz Avg Type: Log-Pur
Input: RE  PNO: >300k L, 179 Free Run
IFGain:Low Atten: 6 dB

Ref -21.85 dBm

Center 1.9599998 GHz S A “Span 200.0 kHz
#Res BW 910 Hz VBW 910 Hz Sweep 921 ms (1001 pts)

EEX

Trace/Det

Trace Average

8 Subtract the noise from the a. Press Trace/Detector, Select Trace,
DUT phase noise Trace 3, Clear Write.

?easurg.r;}ent :hs;ng t?e Press More, More, Math, Power Diff,
ower LIt math function. Trace Operands, Operand 1, Trace 1,
Operand 2, Trace 2.

Notice the phase noise
improvement at 100 kHz
offset between trace 1
(yellow trace) and trace 3
(magenta trace).

See Figure 7-13.




Measuring Noise
Improving Phase Noise Measurements by Subtracting Signal Analyzer Noise

Step Action Notes
Figure 7-13 Improved Phase Noise Measurement
I Agilant Spectrum Analyzer - Swapt SA E®E
- — . aaegl 4 Operands
Input R PNO: >3k Ly 17ig:Free Run
IFGaln:Low Arten: 6 dB Operand 1
Tracel
Ref -21.85 dBm
Center 1.9599998 GHz
#Res BW 910 Hz VBW 910 Hz
9 Measure the noise a. Press Marker, Select Marker, Note the up to 6 dB
measurement improvement Marker 1, Normal. improvement in the Marker
i i . . Figur
with delta Noise markers b. Press Properties, Select Marker, Results Block. See Figure

between traces.

Marker 1, Marker Trace, Trace 1. 714,
c. Using the knob, adjust Marker 1 to

approximately 90 kHz offset from the

carrier on trace 1.

d. Press Return, Select Marker,
Marker 2, Normal.

e. Press Properties, Select Marker,
Marker 2, Marker Trace, Trace 3.

f. Press Relative To, Marker 1.

g. Using the knob, adjust Marker 2 to
approximately 90 kHz offset from the
carrier on trace 3.

h. Press Marker Function, Select
Marker, Marker 1, Marker Noise.

i. Press Select Marker, Marker 2,
Marker Noise.
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Measuring Noise
Improving Phase Noise Measurements by Subtracting Signal Analyzer Noise

Step Action Notes

Figure 7-14 Improved Phase Noise Measurement with Delta Noise Markers

7 Agilent Spectrum Analyzar - Swept SA E[g|!|
= . R LIS 02:14:39 PM 2 12, 2007 F
Marker 2 A -400.000 Hz Avg Type: Pwr(RMS) TRACE Marker Function
PNO: >30k L. Trig: Free Run
IFGain:l ow Atten: § dB

Ref -21.85 dBm

~ Span 200.0 kHz
#Res BW 910 Hz VEW 910 Hz Sweep 376 ms (1001 pts)

Center 1.9599998 GHz
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Making Time-Gated Measurements

co0@® @eoe+- 8 Making Time-Gated
o0 Measurements

Traditional frequency-domain spectrum analysis provides only limited information for
certain signals. Examples of these difficult-to-analyze signal include the following:

» Pulsed-RF

* Time multiplexed

* Interleaved or intermittent

» Time domain multiple access (TDMA) radio formats
* Modulated burst

The time gating measurement examples use a simple frequency-modulated, pulsed-RF
signal. The goal is to eliminate the pulse spectrum and then 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.
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Generating a Pulsed-RF FM Signal

Generating a Pulsed-RF FM Signal

Table 8-1

Table 8-2

When performing these measurements you can use a digitizing oscillascope or your
Agilent X-Series Signal Analyzer (using Gate View) to set up the gated signal. Refer
back to these first three steps to set up the pulse signal, the pulsed-RF FM signal and
the oscilloscope settings when performing the gated LO procedure (page 100), the
gated video procedure (page 104) and gated FFT procedure (page 108).

For an instrument block diagram and instrument connections see “Connecting the
Instruments to Make Time-Gated Measurements” on page 99.

Signal source setup

Step 1. Set up the pulse signal with a period of 5 ms and a width of 4 ms:

There are many ways to create a pulse signal. This example demonstrates how to
create a pulse signal using a pulse generator or by using the internal function
generator in the ESG.See Table 8-1 if you are using a pulse generator or Table 8-2 if you
are using a second ESG. Select either the pulse generator or a second ESG to create
the pulse signal.

81100 Family Pulse Generator Settings

Period 5 ms (or pulse frequency equal to 200 Hz)
Pulse width 4 ms

High output level 25V

Waveform pulse

Low output level 25V

Delay 0 or minimum

ESG #2 Internal Function Generator (LF OUT) Settings

LF Out Source FuncGen
LF Out Waveform Pulse

LF Out Period 5 ms

LF Out Width (pulse 4 ms
width)

LF Qut Amplitude 25\Vp
LF Out On

RF On/Off Off

Mod On/Off On
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Making Time-Gated Measurements
Generating a Pulsed-RF FM Signal

Step 2. Set up ESG #1 to transmit a pulsed-RF signal with frequency modulation. Set the FM
deviation to 1 kHz and the FM rate to 50 kHz:

ESG #1 generates the pulsed FM signal by frequency modulating the carrier signal and
then pulse modulating the FM signal. The pulse signal created in step 1 is connected

to the EXT 2 | NPUT (on the front of ESG #1). The ESG RF QUTPUT is the pulsed-RF
FM signal to be analyzed by the spectrum analyzer.

Table 8-3 ESG #1 Instrument Connections
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

Analyzer Setup

If you are using an Agilent X-Series Signal Analyzer (using Gate View), set up the
analyzer to view the gated RF signal (see Figure 8-1 and Figure 8-2 for examples of the

display).
Step Action Notes
1 Select Spectrum * Press Mode, Spectrum Analyzer,
Analyzer mode and Mode Preset.
Preset.
2 Set the analyzer a. Press FREQ Channel, Center Freq,
center frequency, 40, MHz.
span and reference b. Press SPAN X Scale, Span, 500,
level.
kHz.
c. Press AMPTD Y Scale, Ref Level, 10,
dBm.
3 Set the analyzer * Press BW, Res BW (Man), 100, kHz.
bandwidth.
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Making Time-Gated Measurements
Generating a Pulsed-RF FM Signal

Step Action Notes

4 Setthe gate sourceto *+ Press Sweep/Control, Gate, More,
the rear external Gate Source, External 1.
trigger input.

b Enable Gate Viewand a. Press Sweep/Control, Gate, Gate
Gate. View (On).

b. Press Gate View Sweep Time, 10,
ms.

6 Setthegatedelayand a. Press Sweep/Control, Gate, Gate See Figure 8-1helow.

gate length so that Delay. 1.33, ms. For this example, this would result

the_gate will open b. Press Gate Length, 1.33, ms. in a Gate Delay of approximately
during the middle
. 1.33 ms and a Gate Length of

third of the pulse. c. Press More, Control (Edge). )
approximately 1.33 ms.
Also, check that the gate trigger is
set to edge.

Figure 8-1 Gated RF Signal

I gilent Spectrum Knalyzer - Swept SA [Pratatype Instrument - Not for Sale)
[ 50 & NT ALT T 01:02:44 PM Aug 13, 2007

] a0 & L SENSE!IN LIGN ALITC)
Gate Length 1.330 ms Avg Type: Log-Pwr TRACE
Input: RF PNO: >30k L 17ig: Free Run TYRE
IFGain:Low Atten: 20 dB DET

Ref 10.00 dBm

Gate Delay
1.330 ms

Gate Length
1.330 ms

Gate Method

Center 40.000000 MHz A ) ” ) Span 0 Hz
Res BW 100 kHz : Gate View Sweep Time 10.00 ms




Making Time-Gated Measurements
Generating a Pulsed-RF FM Signal

Step Action Notes
7 Setthe RBW to auto, a. Press Sweep/Control, Gate, Gate
gate view to off, gate View (Off).
methodto L0, and | " p .. BW. Res BW (Auto).
gate to on.
c. Press Sweep/Control, Gate, Gate
Method, LO.
d. Press Gate (On).
Figure 8-2 Gated RF Signal with Auto RBW

Tl Agilent Spectrum Analyzer - Swept SA

L T J - ENSE!INT ALIGNAUT
Gate Delay 1.3300 ms Avg Type: Log-Pwr
Gate: L Input: RF PNO: Far L, 1rig: Externall
IFGain:Low Atten: 20 dB

Ref 10.00 dBm

Center 40.
Res BW 4.7 kHz VBW 4.7 kHz

10:08:55 P Aug 06, 2008
TRACE
TYPE;
DET

Gate Delay
1.3300 ms

Digitizing oscilloscope setup

If you are using a digitizing oscillascope, set up the oscilloscope to view the trigger,
gate and RF signals (see Figure 8-3 for an example of the oscilloscope display):

Table 8-4 Agilent Infiniium Oscilloscope with 3 or more input channels: Instrument Connections
Timebase 1 ms/div
Channel 1 ON, 2 V/div, OFFSET =2V, DC coupled, 1 M Q input,

necessary.

connect to the pulse signal (ESG LF OUTPUT or pulse
generator QUJTPUT). Adjust channel 1 settings as
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Table 8-4

Figure 8-3

Agilent Infiniium Oscilloscope with 3 or more input channels: Instrument Connections

Channel 2

ON, 500 mV/div, OFFSET =2V, DC coupled, 1 M Q input,
connect to the signal analyzer TR GCER 2 QUT
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 QUTPUT
pulsed-RF signal. Adjust channel 3 settings as necessary.

Channel 4

OFF

Trigger

Edge, channel 1, level = 1.5V, or as needed

Viewing the Gate Timing with an Oscilloscope

File

Control

EXEE]

Setup Measure Analyie

Utilities  Help 12:35 PM

Ly it e e Ay A B Attt S~

1.00 ms/div [0 B0 Rl _ q|s|p|

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 the Instruments to Make Time-Gated Measurements

Connecting the Instruments to Make Time-Gated Measurements

Figure 8-4

Figure 8-5

Figure 8-4 shows a diagram of the test setup. ESG #1 produces a pulsed FM signal by
using an external pulse signal. The external pulse signal is connected to the front of
the ESG #1 to the EXT 2 INPUT to control the pulsing. The pulse signal is also used as
the trigger signal. The oscilloscope is useful for illustrating timing interactions
between the trigger signal and the gate. The Gate View feature of the X-Series signal
analyzer could be used in place of the oscilloscope.

Using this measurement setup allows you to view all signal spectra on the spectrum
analyzer and all timing signals on the oscilloscope. This setup is helpful when you
perform gated measurements on unknown signals. If an oscilloscope is not available,
begin by using the Gate View feature to set up the gate parameters and then turn Gate
View Off to view the signal spectra, refer to Figure 8-5

Instrument Connection Diagram with Oscilloscope
INFINIIUM OSCILLOSCOPE
SIGNAL GENERATOR #2 < .

" coocoo
=
oo Output Soooonoo

oooog
o ooo

ooo
oo
oo

O aDG Oa00

1 | |
ChJ} ch3
BNC TEE Ch 2
SIGNAL
TRIGGER 1| ANALYZER |TRIGGER 2
IN —~ OUT

&

EXT 2 INPUT

Pulsed J
FM Signal BNG TEE
mxa-oate-setun-o'scope
Instrument Connection Diagram without Oscilloscope
SPECTRUM
TRIGGER 1 ) ANALYZER
IN £ ey

oooo
oooo
Oooooo e

fooDooooooo

RF Input

Pulsed FM Signal




Making Time-Gated Measurements
Gated LO Measurement

Gated LO Measurement

This procedure utilizes gated LO to gate the FM signal. For concept and theory
information about gated LO see “How Time Gating Works” on page 149.

Step

Action

Notes

1

Set the analyzer to the
Spectrum Analyzer mode.

* Press Mode, Spectrum
Analyzer.

This enables the spectrum analyzer
measurements.

Preset the analyzer.

*  Press Mode Preset.

Set the center frequency,
span, reference level and
attenuation.

a. Press FREQ Channel,
Center Freq, 40, MHz.

b. Press SPAN X Scale,
Span, 500, kHz.

c. Press AMPTD Y Scale,
Ref Level, 10, dBm.

Set the gate source to the
rear external trigger input.

* .Press Sweep/Control,
Gate, More, Gate
Source, External 1.

Set the gate delay, gate
length, gate sweep time,
and gate trigger.

a. Press Sweep/Control,
Gate, Gate Delay, 2, ms.

b. Press Gate Length, 1,
ms.

c. Press Gate View Sweep
Time, 5, ms.

d. Press More1 of 2,
Control (Edge).

Access the analyzer gate
view display.

*  Press Sweep/Control,
Gate, Gate View (On).

Use this function to confirm the gate “on”
time during the RF burst interval
(alternatively you could also use the
oscilloscope to view the gate settings).

100



Making Time-Gated Measurements
Gated LO Measurement

Step Action Notes

Figure 8-6 Viewing the Gate Settings with Gated LO

T Agilent Spectrum Analyzer - Swept SA

| SENSEINT| | ALIGNAUTO  [11:10:00 AM Aug 13,
Avg Type: Log-Pwr

Input: RE  PNO: <20k () 17i9:Free Run
IFGain:Low Atten: 20 dB

Gate View

Gate View
Sweep Time
65.000 ms

Gate Delay
2.000 ms

Gate Length
1.000 ms

Gate Method .
LO

L L More
Center 40.000000 MHz Span 0 Hz 10f2
Res BW 4.7 kHz Gate View Sweep Time 5.000 ms

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.

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

7 Turn the gate view off. * Press Sweep/Control, See Figure 8-7.
Gate, Gate View (Off).
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Gated LO Measurement

Step Action Notes

Figure 8-7 Pulsed RF FM Signal

T Agilent Spectrum Analyzer - Swept SA {Prototype Instrument - Not for Sale)

| SENSEINT] [ ALIGNAUTO  11:10:21AM
Avg Type: Log-Pwr

Input: RE PNO: >30k C,) 17g:Free Run

IFGain:Low Atten: 20 dB Gate

Gate View
Off

Gate View
Sweep Time
5.000 ms

Gate Delay
2.000 ms

Gate Length
1.000 ms

Gate Method

' 'pan'ﬁ“ﬁhh.d kHz
VBW 4.7 kHz Sweep 27.3 ms (1001 pts)

The moving signals are a result of the pulsed signal. Using delta markers with a time readout, notice that
the period of the spikes is at 5 ms (the same period as the pulse signal). Using time gating, these signals
well be blocked out, leaving the original FM signal.

8 Enable the gate settings. * Press Gate (On). See Figure 8-8.
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Gated LO Measurement

Step Action Notes

Figure 8-8 Pulsed and Gated Signal

T Agilent Spectrum Analyzer - Swept SA (Prototype Instrument - Mot for Sale)

| SENSEUNT | ALIGNAUTO 11:11:41 AM

Avg Type: Log-Pwr

Gate: LO  Input RF PNO: »30k L, 1rig:Free Run
IFGain:Low Atten: 20 dB

Gate View,
off

Gate View
Sweep Time
5.000 ms

Gate Delay
2.000 ms

Gate Length
1.000 ms

Gate Method

Center 40.0000 MHz Span 500.0 kHz
Res BW 4.7 kHz VBW 4.7 kHz Sweep 27.3 ms (1001 pts)

STATUS

9 Turn off the pulse * Press Pulse, Pulse so Notice that the gated spectrum is much

modulation on ESG #1. that Off is selected. cleaner than the ungated spectrum (as
seen in the Pulsed-RF FM Signal above).
The spectrum you see with the gate on is
the same as a frequency modulated signal
without being pulsed. The displayed
spectrum does not change and in both
cases, you can see the two low-level
modulation sidebands caused by the
narrow-band FM.
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Gated Video Measurement

Gated Video Measurement

This procedure utilizes gated video to gate the FM signal. For concept and theory
information about gated video see “How Time Gating Works” on page 152.

Step

Action

Notes

1

Set the analyzer to
the Spectrum
Analyzer mode.

Press Mode, Spectrum
Analyzer.

This enables the spectrum analyzer
measurements.

2 Preset the analyzer * Press Mode Preset.
3 Set the center a. Press FREQ Channel,

frequency, span, Center Freq, 40, MHz.

;‘i{g;e"a‘fof"e' and |, Press SPAN X Scale,

vation. Span, 500, kHz.
c. Press AMPTD Y Scale,
Ref Level, 10, dBm.

4 Setanalyzer pointsto a. Press Sweep/Control,  For gated video, the calculated sweep time

401 and sweep time Points, 401, Enter. should be set to at least

to 2000 ms. b. Press Sweep Time, (# sweep points — 1) x PRI (pulse repetition interval) t0

2000, ms.

ensure that the gate is on at least once during
each of the 401 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 too fast, some trace points
may show values of zero power or other
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.

5 Setthe Gate source to

the external trigger
input on the rear
panel:

Press Sweep/Control,
Gate, More, Gate
Source, External 1.
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Making Time-Gated Measurements
Gated Video Measurement

Notes

Figure 8-9

13 Agilent Spectrum Analyzer - Swept SA
| SEWSEINT|

(Prototype Instrument - Not for Sale)
| AALIGNPARTIAL

Viewing a Pulsed RF FM Signal (without gating)

SE)

| 10:10:27 AM

Sweep Time 2.00s

Input: RF Trig: Free Run

PNO: >3k ()
> Atten: 10 dB

IFGain:Low

Ref 0.00 dBm

‘
Center 40.0000 MHz
Res BW 4.7 kHz

VEW 4.7 kHz

Avg Type: Log-Pwr

| |
(At |
[l I
Span 500.0 kHz 401
#Sweep 2.00 s (401 pts)

Control/iSweep
Sweep Time

200s

Auto Man

Sweep Setup»

[Off,LO]

status g Align Now, All required

Press Sweep/Control,
Gate, More, Control
(Edge).

b. Press More, Gate
Delay, 2, ms.

6 Setthegatedelayand a.
gate length.

c. Press Gate Length, 1,
ms.

Ensure that the gate control is set to Edge.

Press Sweep/Control,
Gate, Gate Method,
Video.

b. Press Gate (On).

7 Turn the gate on. a.
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Gated Video Measurement

Step Action Notes

Figure 8-10 Viewing the FR Signal of a Pulsed RF Signal using Gated Video

‘Agllenl Spaclrnm Analyzer, - Swept SA
() | SENSEINT] [ ALIGNAUTO
Avg Type: Log-Pwr

Gate: \id Input: RF PNO: >30k () Trig:FreeRun
IFGain:Low Atten: 20 dB

Ref 10.00 dBm

Gate View
off

Gate View
Sweep Time
7.520 ms

Gate Delay
2,000 ms

Center 40, oooo pan
Res BW 4.7 kHz VBW 4.7 kHz #Sweep 2.00s (401 pts)

Notice that the gated spectrum is much cleaner than the ungated spectrum (as seen in Figure 8-9). The
spectrum you see is the same as a frequency modulated signal without being pulsed. To prove this, turn off
the pulse modulation on ESG #1 by pressing Pulse, Pulse so that Off is selected. 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
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Gated FFT Measurement

This procedure utilizes gated FFT to gate the FM signal. For concept and theory
information about gated FFT see “How Time Gating Works” on page 149.

Step Action Notes

1 Set the analyzer to the * Press Mode, Spectrum This enables the spectrum analyzer

Spectrum Analyzer mode.

Analyzer. measurements.

2 Preset the analyzer

Press Mode Preset.

3 Set the center frequency,
span, reference level and
attenuation.

. Press FREQ Channel,

Center Freq, 40, MHz.

. Press SPAN X Scale,

Span, 500, kHz.

. Press AMPTD Y Scale,

Ref Level, 10, dBm.

4 Set the Gate source to the
external trigger input on the
rear panel.

. Press Sweep/Control,

Gate, More, Gate Source,
External 1.

b Set the gate method and turn
gate on.

. Press Sweep/Control,

Gate, Gate Method, FFT.

. Press Gate (On).

6 Select the minimum
resolution bandwidth
required.

Press BW, Res BW
(Auto).

See Figure 8-12.
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Step Action Notes

Figure 8-12 Viewing the Gated FFT Measurement results

T Agilent Spectrum Analyzer - Swept SA (Prototype Instrument - Not for Sale) Q@g‘

| s0Q | | | AC | SENSEINT] | ALIGHAUTO  [11:18:32 AM Aug 13, 200

RBW 4.7 kHz A = Avg Type: Log-Pwr
Gate: FFT  Input: RF PNO: »30k () |Mg:Free Run

i IFGain:Auto " Atten: 20 dB Res BW

47 kHz

Man

BW

Ref 10.00 dBm

Video BW|
4.7 kHz
Auto Man

|| vBW:3dB RBW
10
| | Auto Man

Span:3dB RBW|
106
Auto Man

RBW Control.
[Gaussian,3 dB]

Center 40.0000 MHz ' " Span 500.0 kHz
Res BW 4.7 kHz VBW 4.7 kHz Sweep (FFT) ~2.6 ms (1001 pts)

MSG STATUS

The duration of the analysis required is determined by the RBW. 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
because the RBW is so narrow 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 the signal changes shape as
the RBW transitions from 1 kHz to 300 Hz.

NOTE 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.

109



Making Time-Gated Measurements
Gated FFT Measurement

110



Measuring Digital Communications Signals

o0 @® @oe¢- 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 pre-set standards-based format setups. The automated
measurements also include pass/fail functionality that allow the user to quickly check
if the signal passed the measurement.
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Channel Power Measurements

Channel Power Measurements

This section explains how to make a channel power measurement on a W-CDMA
(3GPP) mobile station. (A signal generator is used to simulate a base 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 (IBm/Hz).

Step

Action

Notes

1 Set up the signal
generator.

a. Set the mode to W-CDMA.
b. Set the frequency to 1.920

GHz.

. Set the amplitude to

—20 dBm.

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

3 Select the mode.

Press Mode, Spectrum
Analyzer.

4 Preset the analyzer.

Press Mode Preset.

b Set the radio standard
and toggle the device to
mobile station.

Press Mode Setup, Radio Std,

3GPP W-CDMA, 3GPP
W-CDMA, Device (MS).

6 Set the center frequency.

Press FREQ Channel, 1.920,
GHz.

7 Initiate the channel
power measurement.

Press Meas, Channel Power.

The Channel Power measurement
result should look like “Channel Power
Measurement Result.” on page 113.
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Channel Power Measurements

Step Action Notes

Figure 9-1 Channel Power Measurement Result.

7 Agiem Specirum Analyzer - Chanmel Powsr EER
) 0@ J = EXT ALIE A 089:34: 12 A M 14, 20068
Center Freq 1.920000000 GHz 520000000 GHz Radio Sta: w-coma (IR UL

W Trig: Free Run AvglHold> 1010
HIFGainLowl  SAtten: 10 4B

Center Freq
1.920000000 GHz

l"
;

Center 1.92 GHz ) ] ] i ) " Span 7.5 MHz|%
HfRes BW 240 kHz VEW 2.4 MHz Sweep 1ms

Channel Power Power Spectral Density

-20.67 dBm/ 5 MHz -87.66 dBm/Hz

STATUE | Meas Uncal

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 Meas Setup.
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Occupied Bandwidth Measurements

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

99.0% power bandwidth.

Step

Action

Notes

1 Set up the signal generator.

a.
b.

Set the mode to W-CDMA.

Set the frequency to 1.920
GHz

Set the amplitude to
—20 dBm.

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

3 Select the mode.

Press Mode, Spectrum
Analyzer.

4 Preset the analyzer.

Press Mode Preset.

b Set the radio standard and
toggle the device to mobile
station.

Press Mode Setup, Radio
Std, 3GPP W-CDMA,
3GPP W-CDMA, Device
(MS).

6 Set the center frequency.

Press FREQ Channel,
1.920, GHz.

7 Initiate the occupied
bandwidth measurement.

Press Meas, Occupied
BW.

The Occupied BW measurement result
should look like “Occupied BW
Measurement Result” on page 115.
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Action Notes

Occupied BW Measurement Result

] hgilem Spectrum Analyzer - Occupied BW EER

L2 . SEiEXT ALId A OF Se:00 aM 3 14, 2006
Center Freq 1.920000000 GHz 920000000 GHz Radio Std; w-comn  (RLELEE U]
S Trig: Run AvglHeld=> 10110
HFGainiLowl  Stten: 10 4B

Center Freq
1.920000000 GHz

| Vo
y e gt s
| IRESV | ] ] | Liae T PTIRIPREN

Center 1.92 GHz ] - ] ] i B ] Span 10 MHz ||
HRes BW 30 kHz VBW 300 kHz Sweep 3247 ms

Occupied Bandwidth Total Power -10.66 dBm
4.1423 MHz

Transmit Freq Error  -6.3798 kHz Occ BW % Pwr 99.00 %

x dB Bandwidth 4.620 MHz* x dB -26.00 dB

ETATUS

Troubleshooting Hints

Any distortion such as harmonics or intermodulation, for example, 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

The adjacent channel power (ACP) measurement is also referred to as the adjacent
channel power ratio (ACPR) and adjacent channel leakage ratio (ACLR). We use the
term ACP to refer to this measurement.

ACP measures the total power (rms voltage) in the specified channel and up to six
pairs of offset frequencies. The measurement result reports the ratios of the offset
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 a base

station.)
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
—10 dBm.
2 Connect the source RF
OUTPUT to the analyzer RF
INPUT as shown.
3 Select the mode. * Press Mode, Spectrum
Analyzer.
4 Preset the analyzer. * Press Mode Preset.
b Set the analyzer radio a. Press Mode Setup, Radio
mode to W-CDMA as a Std, 3GPP W-CDMA, 3GPP
base station device. W-CDMA,

b. Press Mode Setup, Radio
Std Setup, Device (BTS).
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Measuring Digital Communications Signals

Making Adjacent Channel Power (ACP) Measurements

Action

Notes

6 Set the center frequency.

Press FREQ Channel, 1.920,

GHz.

7 Initiate the adjacent
channel power
measurement.

Press Meas, ACP.

The Occupied BW measurement
result should look like the following
graphic.

8 Optimize the attenuation
setting.

Press AMPTD, Attenuation,

Adjust Atten for Min Clip.

Adjust Atten for Min Clip 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 smooth out the trace (average
detector must be selected).
Measurement repeatability can be
traded off with sweep time.

9 Toincrease dynamic range,

Noise Correction can be
used to factor out the
added power of the noise
floor effects.

Press Meas Setup, More,
More, Noise Correction
(On).
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Step Action Notes

Figure 9-3 ACP Measurement on a Base Station W-CDMA Signal

~IAgilent Spectrum Analyzer - ACP

EPEE 3 305,01 PM Mg 03, 2005

Center Frag: 1.960000000 GHz Radio Std: W-CDMA
w 1rig: Fres Run Avg|Hold:> 10/

IFGainLow #Arten: 10 dB Radio Device: BTS

Adjust Atten
for Min Clip

Center 1.96 GHz
#Res BW 100 kHz #VBW 1 MHz
Tatal Carrier Power -11.780 dBm/ 3.84 MHz ACP-1BW RRC Filter : On
Lewer Upper
Carrier Power Offset Freq  Integ BW ¢ dBm dBc  dBm
1 -11.78dBm/ 3.840 MHz 5000 MHz 3.B40MHz -6285 -7T464 -6284 -7472
10.00MHz 3B40MHz -64.14 -7592 -B6466 -7644 |[E3

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.

10 View the results using the  + Press Full Screen. Press the Full Screen key again to
full screen. exit the full screen display without
changing any parameter values.

11 Define a new third pair of * Press Meas Setup, This third pair of offset frequencies is
offset frequencies. Offset/Limits, Offset, C, offset by 15.0 MHz from the center
Offset Freq (On), 15, MHz. frequency (the outside offset pair) 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 Measuring a Third Adjacent Channel

ZlAgilent Spectrum Analyzer - ACP Q
AC | SENSEUNT] | ALUGNAUTO  03:17:55PM Aug03, 2006 r
Center Freq: 1.960000000 GHz Radio Std: W-CDMA Offset/Limits
0, Trig: Free Run Avg[Hold:>1010
IFGain:Low #Atten: 10 dB Radio Device: BTS

Input; RF

Ref 10 dBm

OffsetFreq
o 15.000000 MHz
22 [on of

Offset Integ
BW

3.8400000 MHz

Offset BW»

Span 34.68 MHz|
#VBW 1 MHz #Sweep 29 ms|

Total Carrier Power -11.710 dBm/ 3.84 MHz ACP-IBW RRC Filter : On
Lower Upper
Carrier Power Offset Freq Integ BW dBc  dBm dBc  dBm
1 -11.71 dBm/ 3.840 MHz 5.000 MHz 3.840 MHz -63.00 -74.71
10.00 MHz 3.840 MHz -64.70 -76.41
15.00 MHz 3.840 MHz -6455 -76.27

MSG STATUS

12 Set pass/fail limits for * Press Meas Setup,
each offset. Offset/Limits, Offset, A,
More, Rel Limit (Car), —55,
dB, Offset, B, Rel Limit
(Car), —75, dB, Offset, C, Rel
Limit (Car), —60, dB.

13 Turn the limit test on. * Press Meas Setup, More, In Figure 9-5 notice that offsets A and
Limit Test (On). 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.
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Making Adjacent Channel Power (ACP) Measurements

Step Action Notes

Figure 9-5 Setting Offset Limits
_ EEm

Radlo Std: W-CDMA Meas Setup
Input: HE 5] Trig: Free Run
IFGain:l ow #Atten: 10 dB Radio Device: BTS

MeasType |
Total Pwr Ref

Lower Upper
Carrier Power Offset Freq Integ BW dBc  dBm dBc  dBm
1 -11.81 dBm/ 3.840 MHz 5000 MHz 3.840 MHz -62.77 -74.68 -63.03 -7494
10.00 MHz 3.B40MHz -6423 -76.14 -6457 -764B
1500 MHz 3840 MHz -B4.068 -75.97 -8443 -7634

| | Offsi
#Res BW 100 kHz #VBW 1 MHz #Swee| s Offset
Filter Alphal
Total Carrier Power -11.810 dBm/3.84 MHz ACP-1IBW RREC Filter : On Em
P

NOTE You may increase the 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. The CCDF measurement shows the percentage of time a signal spends at
a particular 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. It is important that these peaks are preserved otherwise
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
generator. signal.
b. Set the frequency to 1.96
GHz.
c. Setthe amplitude to
—10 dBm.
2 Connect the source RF
OUTPUT to the analyzer RF
INPUT as shown.
3 Select the mode. * Press Mode, Spectrum
Analyzer.
4 Preset the analyzer. a. Press Mode Preset.
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Step Action Notes
b Set the analyzer radio * Press Mode Setup, Radio
mode to W-CDMA as a Std, 3GPP W-CDMA, 3GPP
base station device. W-CDMA, Device (BTS).
6 Set the center frequency. *  Press FREQ Channel, 1.98,
GHz
7 Select the CCDF a. Press Meas, Power Stat
measurement and optimize CCDF.

the attenuation level and

attenuation settings
suitable for the CCDF

b. Press AMPTD, Attenuation,
Adjust Atten for Min Clip.

measurement.

Figure 9-6

Power Statistics CCOF Measurement on a W-CDMA Signal

7] Agilent Spectrum Analyzer - Power Stat CCDF EEX
| soa | | | AC | SENSEINT| | ALIGNAUTO  D2:55:45PM Aug 16, 2006
Center Freq 1.960000000 GHz Center Freq: 1.960000000 GHz Radio Std: W-CDMA Trace
Input: RF C, Trig:Free Run Avg|Hold: 4471667
#IFGain:Low #Atten: 10 dB Radio Device: BTS

Store
RefTrace

Average Power Gaussian Reference

100 %

RefT
-11.42 dBm M
41.86 % SR

Gaussian Line
on off

10.0 % 415 dB

1.0 % 6.03 dB
0.1 % 7.14 dB
0.01 % 7.75dB
0.001% 8.08dB
0.0001 % &8.17 dB

Peak 8.18 dB

-3.24 dBm |
0.0001 % odb

Info BW 5.0000 MHz

8 Store your current * Press Trace/Detector, Store  \When the power stat CCDF
measurement trace for Ref Trace. measurement is first made, the
graphical display should show a
signal typical of pure noise. This is
labelled Gaussian, and is shown in
aqua. Your CCDF measurement is
displayed as a yellow plot. You have
stored this measurement plot to
make for easy comparison with
subsequent measurements. Refer to

future reference.

Figure 9-6.
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Step Action Notes
9 Display the stored trace. * Press Trace/Detector, Ref Press the Full Screen key again to
Trace (On). exit the full screen display without

changing any parameter values.

10 Change the measurement  + Press BW, Info BW, 1, MHz.  The stored trace from your last
bandwidth to 1 MHz. measurement is displayed as a
magenta plot (as shown in Figure
9-7), and allows direct comparison
with your current measurement
(yellow trace).

Figure 9-7 Storing and Displaying a Power Stat CCDF Measurement

1 Agllent Spectrum Analyzer - Power Stat CCDF rﬂﬁlm

Information BW 1.0000 MHz Center Freq: 1960000000 GHz Ri d; Meas Setup
ey Trig: Free Run Avg|Hold: 198672000
WFGainLow  #Atten: 10 dB Radio Device: BTS

Input: RF

Average Power 100 % Gaussian Reference
o

-16.40 dBm
32.68 %

10.0 % 434 dB

.. 8.08 dB
01% 1012 _
001% 11 001%|
0.001 %
0.0001 ¢
Peak B
-4.09 dBm 1
0.0001 % 0dB
Info BW 1.0000 MHz
MSG STATUS
NOTE If you choose a measurement bandwidth setting that the analyzer cannot display, it

automatically sets itself to the closest available bandwidth setting.

11 Change the number of * Press Meas Setup, Counts, Reducing the number of points
measured points from 1, kpt. decreases the measurement time,
10,000,000 (10.0Mpt) to however the number of points is a
1,000 (Tkpt). factor in determining measurement

uncertainty and repeatability. Notice
how the displayed plot loses a lot of
its smoothness. You are gaining
speed but reducing repeatability and
increasing measurement uncertainty.
refer to Figure 9-8.
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Step Action Notes
Figure 9-8 Reducing the Measurement Points to 1 kpt
il Agilent Spectrum Analyzer - Power Stat CCDF CE®
| | AC | SENSEINT| | ALIGNAUTO 1D6:08:29PM Aug 15, 2006
Information BW 1.0000 MHz CenterFreq: 1.960000000 GHz Radio 5td: W-COMA Meas Setup
Input: RF C, Trig:Free Run Avg|Held: 111 . !
#IFGain:Low #Atten: 10 dB Radio Device: BTS Info BW
1.0000 MHz
Average Power Gaussian Reference
100 % — - ; . : . S | —
Counts
-16.08 dBm sl
32.60 % JE—
Meas Cycles
1.00000E+00
100%  4.50dB
1.0% 7.89dB
0.1% 9.58 dB
0.01% —dB
0001%  -—-dB
0.0001 % —dB 0.001 %|
Peak  10.38dB
-6.70 dBm
0.0001 %0 9B
Info BW 1.0000 MHz
IMSG STATUS
NOTE The number of points collected 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 measurement uncertainty is reduced and repeatability improves.
12 Change the scaling of the ~ + Press SPAN X Scale, Refer to Figure 9-9.
X-axis to 1 dB per division Scale/Div, 1, dB.
to optimize your particular
measurement.
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Step Action Notes

Figure 9-9 Reducing the X Scale to 1 dB

FiE Agllent Spectrum Analyzer - Power Stat OCDF

02:26:30PM Aug 16, 2006

X Sclale/Div 1.0000 dB . Radio Std; W-COMA
Input: RF ey Trig: Free Run Avg|Hold: -1
HIFGain:Low #Atten: 10 dB Radio Device: BTS

Average Power

L Scale/Div
-16.36 dBm R 1.0000 dB
31.10 % '

' 0.01 %!
0.01 % —dB e

0.001 % —dB
0.0001 % —dB 0.001 %
Peak 10.08 dB

dBm

0.0001 % 0dE

Info BW 1.0000 MHz

MsG LJFile <XMA meas guide Fig 8-xc Screen 0005 png> saved STATUS
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Making Burst Power Measurements

The following example demonstrates how to make a burst power measurement on a
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 source.

a.

Setup a Bluetooth™ signal
transmitting DH1 packets.

b. Set the source frequency to
2.402 GHz.
c. Set the source amplitudes to
—10 dBm.
d. Set the source amplitudes to
—10 dBm.
2 Connect the source RF
OUTPUT to the analyzer
RF INPUT as shown.
3 Set the analyzer to the * Press Mode, Spectrum
Spectrum Analyzer mode. Analyzer.
4 Preset the analyzer. * Press Mode Preset.
b Set the analyzer center * Press FREQ Channel, Center
frequency. Freq, 2.402, GHz.
6 Set the analyzer radio * Press Mode Setup, Radio Check to make sure packet type DH1 is
mode to Bluetooth™, Std, More, Bluetooth, selected.
Bluetooth, DH1.
7 Select the burst power a. Press Meas, Burst Power.
measurement and b. Press AMPTD, Attenuation,

optimize the attenuation
level.

Adjust Atten for Min Clip.
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Step Action Notes

8 View the results of the * Press Full Screen. See Figure 9-10.
burst power measurement
using the full screen).

Figure 9-10 Full Screen Display of Burst Power Measurement Results

ZlAgilent Spectrum Analyzer - Burst Power

50 5 AC | SENSEINT] | ALGNAUTG | a
Mech Atten 10 dB Center Freq: 2.4020 GHz Radio Std: Bluetooth
Input: RF Gl Trig: RF Burst Avg|Hoeld:>50/50
IFGain:Low #Atten: 10 dB Radio Device: BTS

Ref 0.00 dBm

0.00s 640.00 us
ResBw 3.00 MHz Sweep 640 us (9601 pts

Output Power Abs Amplitude Threshold -14.47 dBm
Rel Amplitude Threshold -3.00dB
-11.54 dBm

Current Data
Full Burst Width 370.3 us 7
Output Pwr Max Pt Min Pt
Measured Width 3703 us P ax "

Measured Pts 5555 -11.54 dBm -11.47 dBm  -121.29 dBm

MSG STATUS

NOTE Press the Full Screen key again to exit the full screen display without changing any parameter
values. Refer to Figure 9-11
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Step Action Notes
Figure 9-11 Normal Screen Display of Burst Power Measurement Results
Z Agilent Spectrum Analyzer - Burst Power E
50 2 | | AC | ALIGN AUTO 09:43:17 AM Aug 22, 2006 "
Mech Atten 10 dB Radio Std: Bluetooth Aftenuation
Input: RF i Trig: Avg|Hold:»50/50
IFGain:Low #Atten: 10 dB Radio Device: BTS Mech Atten
10dB
1|
Enable
Elec Atten
on Off
I
JE—
Adjust Atten
for Min Clip
I
0.00s 640.00 us|
ResBw 3.00 MHz Sweep 640 us (9601pts Jo |
Abs Amplitude Threshold 1447 dBm MechAtEnStep
02 ] Rel Amplitude Threshold -3.00 dB 2 dodt
-11.54 dBm Current Data
Full Burst Width 3703 us output Pwr Max Pt Min Pt
Measured Width 370.3 us
Measured Pts 5555 -11.54 dBm -11.47 dBm -114.73 dBm
mMsG 1) File <MXA meas guide Fig 9-16 Screen_0003.png> saved
9 Select one of the * Press Trigger, RF Burst. For more information on trigger

following three trigger
methods to capture the
bursted signal:

* Periodic Timer Triggering
+ Video

RF Burst Wideband
Triggering (RF burst is
recommended, if available.

selections see “Trigger Concepts” on
page 172.

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.

10 Set the relative threshold ¢
level above which the
burst power measurement
is calculated.

Press Meas Setup,

Threshold Lvl (Rel), —10, dB.

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 9-12.
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Step Action Notes

Figure 9-12 Burst Power Measurement Results with Threshold Level Set
ZlAgilent Spectrum Analyzer - Burst Power g@|ﬁ]

o SH IN LIGN AT L5000 AM Aug 22, 2000 o
Rel Threshold Lvl -10.00 dB rFreq: 2.4020 GHz Radlo Std: Blustooth Meas Setup

Input: HF (] : RF Burst Avg|Hold:>&0/50
Avg/Hold Num
50

IEGaindmw — #Atten: 10 dB Radio Device: BTS

Ref 0.00 dBm e g

AvgMode
| |Exp Repeat|

Avg Type
Pwr Avg

(RMS)

| 1 T 1 Meas Method
| Measured Burstk

0.00s 40.00 us| Width
ResBw 3.00 MHz Sweep 640 us (9601 pts

; Burst Width
Abs Amplitude Threshold -21.46 dBm 3734 s

Rel Amplitude Threshold -10.00 dB AutoDet Man
Current Data i .

Output Pwr Max Pt Min Pt More

-11.55 dBm -1146 dBm -111.03 dBm 1af2

Full Burst Width 373.5us
Measured Width Sus
Measured Pts 02

MSG STATUS

11 Set the burst width to a. Press View/Display, Bar The burst width is indicated on the
measure the central Graph (On). screen by two vertical white lines and
200 us of the burst and b. Press Meas Setup, Meas a blue power bar. Manually settlpg the
enable bar graph. burst width allows you to make it a

Method, Measured Burst long time interval (to include the risi
Width, Burst Width (Man), ong time interval (to include the rising
and falling edges of the burst) or to
200, us. ) L
make it a short time interval,
measuring a small central section of
the burst. Refer to Figure 9-13.
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Step Action Notes
Figure 9-13 Bar Graph Results with Measured Burst Width Set
ZlAgilent Spectrum Analyzer - Burst Power E
50 5 | | AC | ALIGNAUTO 09:57:52 AM Aug 22, 2006
BurstWidth 200.0 us Radio Std: Bluetooth Meas Setup
Input: RF G Trig: Avg|Hold:>50/50
IFGain:Low #Atten: 10 dB Radio Device: BTS Avg/Hold Num
50
on off
AvgMode
| Exp Repeat|
I
Avg Type
Pwr AvgP
(RMS)
Threshold Lvi
-10.00 dB
Abs R_e!
Meas Method
Measured Bursth
. 640.00 us| Ll
ResBw 3.00 MHz Sweep 640 us (9601pts J |
: Burst Width
Output Power ‘ Abs Amplitude Threshold -21.45 dBm 2000 ps
i} Rel Amplitude Threshold ~ -10.00 dB AutoDet Man
1132 dEm Current Data I—
Full Burst Width 3734 us 7
Measured Width 200.0 us UL BT M B it ]:‘ofr:
Measured Pts 3002 -11.52 dBm -11.45dBm -120.68 dBm of
MSG STATUS
NOTE If you set the burst width manually to be wider than the screen's display, the vertical white

the screen can be measured.

to 80% of the duration of the burst.

lines move off the edges of the screen. This could give misleading results as only the data on

The Bluetooth™ standard states that power measurements should be taken over at least 20%

12 Increase the sweep time
to display more than one
burst at a time.

Press Sweep/Control,
Sweep Time, 6200, uis (or

6.2, ms).

The screen display shows several
bursts in a single sweep as in Figure
9-14. The burst power measurement
measures the mean power of the first
burst, indicated by the vertical white

lines and blue power bar.
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Measuring Digital Communications Signals
Making Burst Power Measurements

Step Action Notes

Figure 9-14 Displaying Multiple Bursts
7 Agilent Spectrum Analyzer - Burst Power E@E]

| | SENSE:INT] | ALIGNAUTO  [12:00:12PM Aug 22, 2006
Sweep Time 6.2000 ms Center Freq:2.4020 GHz Radio 5td: Bluetooth S CLLLECLULH
Input: RF Eol Trig: RF Burst Avg|Hold:>50/50
IFGain:Low #Atten: 10 dB Radio Device: BTS

Ref 0.00 dBm

620ms
ResBw 3.00 MHz Sweep 6 ms (93001 pt }

?utput Powe Abs Amplitude Threshold -21.41 dBm
{

-11.47 dBm

Current Data
Full Burst Width 3734 us "
Output Pwr
Measured Width 200.0 us E Magkr Min.Ft

Measured Pts 3002 -11.47 dBm -11.41 dBm -122.93 dBm

Rel Amplitude Threshold -10.00 dB

STATUS

NOTE Although the burst power measurement still 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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Spurious Emissions Measurements

Spurious Emissions Measurements

The following example demonstrates how to make a spurious emissions measurement
on a multitone signal used to simulate a spurious emission in a measured spectrum.

Step

Action

Notes

1 Setup the signal source.

a. Setup a multitone signal with

8 tones with a 2.0 MHz
frequency spacing.

. Set the source frequency to

1.950 GHz.

. Set the source amplitudes to

—50 dBm.

2 Connect the source RF

OUTPUT to the analyzer RF

INPUT as shown.

3 Set the analyzer to the

Spectrum Analyzer mode.

Press Mode, Spectrum
Analyzer.

4 Preset the analyzer.

Press Mode Preset.

b Set the analyzer center
frequency.

Press FREQ Channel, Center
Freq, 1.950, GHz.

6 Select the spurious
emissions measurement.

Press Meas, More, Spurious
Emissions.
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Measuring Digital Communications Signals
Spurious Emissions Measurements

Notes

7 You may Focus the display
on a specific spurious
emissions signal.

a.

b. Press Meas Type to highlight

Examine

Press Meas Setup, Spur, 1,
Enter (or enter the number of
the spur of interest)

The Spurious Emission result should
look like Figure 9-15. The graph
window and a text window are
displayed. The text window shows
the list of detected spurs. Each line
item includes the spur number, the
range in which the spur was
detected, the power of the spur, and
the limit value against which the
spur amplitude is tested.

Figure 9-15

] Agilent Spectrum Analyzer - Spurious Emissions

| SENSENT] |

Spurious Emission Measurement Result

CEX

ALIGNAUTO

Center Freq: 13.255 GHz
) Trig:Free Run
#Atten: 10 dB

Input: RE =
IFGain:Low

Radio Std: None Meas Setup

Radio Device: BTS

Frequency

Amplitude

-T2.

2.91 dBm

Mkr1 813.66667 MHz{re.

Range Table»

Meas Type

Examine Full

Spur

8 You may customize the
tested ranges for spurious
emissions (initially 5
default ranges and
parameters are loaded into
the range table).

Press Meas Setup, Range
Table, then select and edit
the available parameters.

133



Measuring Digital Communications Signals
Spurious Emissions Measurements

Troubleshooting Hints

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, once indicated by testing, may require further attention:

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 the
stringent system specifications.
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Spectrum Emission Mask Measurements

This section explains how to make the spectrum emission mask 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
the given 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

a. Setup a W-CDMA uplink
signal.

1 Set up the signal source.

b. Setthe source frequency to

1,920 MHz (Channel.

Number: 5 x 1,920 = 9,600).

. Set the source amplitudes

to 0 dBm.

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

3 Select the mode.

Press Mode, Spectrum
Analyzer.

4 Preset the analyzer.

Press Mode Preset.

b Setthe radio standard and
toggle the device to
mobile station.

Press Mode Setup, Radio
Std, 3GPP W-CDMA, 3GPP
W-CDMA, Device (MS).

6 Set the center frequency.

Press FREQ Channel, 1.920,
GHz.
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Measuring Digital Communications Signals

Spectrum Emission M

Step

ask Measurements

Action Notes

7 Initiate the spectrum *  Press Meas, More, The Spectrum Emission Mask

emission mask
measurement.

Spectrum Emission Mask. measurement result should look like
Figure 9-16. 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.

Figure 9-16

57 Agilent

Spectrum Emission Mask Measurement Result - (Default) View

Spectrum Analyzer - Spectrum Emission Mask E@g]
| | AC | SENSEUNT] | ALIGNAUTO  103:36:22PM Aug22, 2006

Center Freq 1.920000000 GHz Center Freq: 1.920000000 GHz Radio Std: W-CDMA Freq/ Channel

Center

. Trig:Free Run

Input: RF )
IFGain:Low #Atten: 10 dB Radio Device:MS

_Ref 10 dBm

Center Freq
1.820000000 GHz

1.92 GHz } ) B } N I } Spén 24 MHz 400.000000 MHz
Auto Man

Total Pwr Ref

art F

MG

STATUS

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.
+ 1/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.
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Spectrum Emission Mask Measurements

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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Spectrum Emission Mask Measurements
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Demodulating AM Signals
Measuring the Modulation Rate of an AM Signal

Measuring the Modulation Rate of an AM Signal

This section demonstrates how to determine parameters of an AM signal, 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 194 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 demonstration an RF source is used to generate an AM signal.

Step Action Notes
1 Set up the signal a. Setthe source frequency to
source. 300 MHz.
b. Set the source amplitudes
to —10 dBm.

c. Setthe AM depth to 80%.
d. Setthe AM rate to 1 kHz.

e. Turn AM on.

2 Connect an Agilent ESG

RF signal source to the

analyzer RF INPUT as

shown.
3 Select the mode. * Press Mode, Spectrum

Analyzer.

4 Preset the analyzer. * Press Mode Preset.
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Step

Demodulating AM Signals

Measuring the Modulation Rate of an AM Signal

Action

Notes

b Set the center
frequency, span, RBW
and the sweep time.

a.

Press FREQ Channel,
Center Freq, 300, MHz.

Press SPAN X Scale, Span,

500, kHz.

Press BW, Res BW, 30,
kHz.

Press Sweep/Control,
Sweep Time, 20, ms.

6 Change the y-scale type
to linear.

Press AMPTD Y Scale,
Scale Type (Lin).

The y-axis units will automatically set to
volts.

7 Position the signal peak
near the first graticule
below the reference
level.

Press AMPTD Y Scale, Ref
Level, (rotate front-panel
knob).

8 Set the analyzer in zero
span to make
time-domain
measurements

Press SPAN X Scale, Zero
Span

Press Sweep/Control,
Sweep Time, 5, ms

9 Use the video trigger to
stabilize the trace.

Press Trigger, Video.

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 10-1

If the trigger level is set too high or too
low when video trigger mode is activated,
the sweep stops. You need to adjust the
trigger level up or down with the
front-panel knob until the sweep begins
again.

10 Measure the AM rate
using delta markers.

Press Peak Search,
Marker Delta, Next Right
or Next Left.

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)

1M



Demodulating AM Signals
Measuring the Modulation Rate of an AM Signal

Step Action Notes

Figure 10-1 Measuring Time Parameters

I Agilant Spectrum Analyzer - Swapt SA E@E
- . 3 T 3, 2006

- . N R ] 0901 13, 20
Marker 1 A 1.00000 ms o Avg Type: Voltage Peak Search
Input Hi- PNO: 230k Ly ) 17ig: Video
IFGalnLowld  Atten: 6 dB

Refl 134.7 mV

Marker Delta

Center 300.000000 MHz P
Res BW 30 kHz VEW 30 kHz Sweep 5.000 ms (1001 pts)

= STATUS | Meas Uncal

NOTE Make sure the delta markers above are placed on adjacent peaks. See Figure 10-1 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.

Press Marker, Properties, X Axis Scale, Inverse Time.
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Measuring the Modulation Rate of an AM Signal

Step Action Notes

Figure 10-2 Measuring Time Parameters with Inverse Time Readout

3] Agilent Spectrum Analyzer - Swept SA g@@]

| SENSEEXT] | ALIGNAUTO | 09:11:01 AM

L | | |
Marker 1 A 1.000000 kHz o Avg Type: Voltage
Input: RE PNO: >30k ) 1rig: Video
IFGain:Low B Atten: 6 dB SelectMarker’
AMKr1 1.000 000 kHz 1
1,002 (ViV)

Properties

Ref 134.7 mV

X

Relative To i

X Axis Scale
Inverse time >
Auto Man

Marker Trace
|| [Trace1, Auto Init]

Center 300.000000 MHz ' i Span 0 Hz
Res BW 30 kHz VBW 30 kHz Sweep 5.000 ms (1001 pts)
sTaTus |t Meas Uncal

Another way to calculate the modulation rate would be to view the signal in the frequency domain and
measure the delta frequency between the peak of the carrier and the first sideband.
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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 source. a. Set the source frequency to
300 MHz.
b. Set the source amplitudes to
—10 dBm.

c. Setthe AM depth to 80%.
d. Set the AM rate to 1 kHz.

e. Turn AM on.

2 Connect an Agilent ESG

RF signal source to the

analyzer RF INPUT as

shown.
3 Select the mode. * Press Mode, Spectrum

Analyzer.

4 Preset the analyzer. * Press Mode Preset.

b Setthe center frequency, a. Press FREQ Channel, Center
span, RBW and the Freq, 300, MHz.

sweep time. b. Press SPAN X Scale, Span,
500, kHz.

c. Press BW, Res BW, 30, kHz.

d. Press Sweep/Control,
Sweep Time, 20, ms.
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Demodulating AM Signals

Measuring the Modulation Index of an AM Signal

Action

Notes

6 Set the y-axis units to
volts.

Press AMPTD Y Scale, More,
Y-Axis Units, V (Volts).

7 Position the signal peak
near the reference level.

Press AMPTD Y Scale, Ref
Level, (rotate front-panel
knaob).

8 Change the y-scale type
to linear.

Press AMPTD Y Scale, Scale
Type (Lin).

9 Set the analyzer in zero
span to make
time-domain
measurements.

Press SPAN X Scale, Zero
Span.

Press Sweep/Control,
Sweep Time, 5, ms

10 Place the analyzer in free
run trigger mode.

Press Trigger, Free Run.

11 Increase the sweep time
and decrease the VBW.

Press Sweep/Control,
Sweep Time, 5, s.

Press BW, Video BW, 30, Hz.

The waveform is displayed as a flat
horizontal signal.

12 Center the flat waveform
at the mid-point of the
y-axis and then widen
the VBW and decrease
the sweep time to
display the waveform as
a sine wave.

Press AMPTD Y Scale, Ref
Level, (rotate front-panel
knaob).

Press BW, Video BW, 100,
kHz.

Press Sweep/Control,
Sweep Time, 5, ms.

13 Measure the modulation
index of the AM signal.

To measure the modulation index as % AM, read the trace as follows (see
Figure 10-3 for display 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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Measuring the Modulation Index of an AM Signal

Step Action Notes

Figure 10-3 AM Signal Measured in the Time Domain

Trig Fres Aun i Trig: Fras Rsm

Swoep Time 5.000 ms weep Time 5. 5 Aug Type: Vekage
WPIERE PRI L | i PROZHR T
B it owSl  Astan: 8 dB FGalnLowll Atben: § o

Ref 137.9 mV Ref 137.6 mV

#VBW 100 kHz 5 01 pts)| VEW 100 kHz Sweep 5.000 ms

LEFT: 100% AM Signal (Modulation Index = 1) RIGHT: 80% AM Signal (Modulation Index = 0.8)
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1Q Analyzer Measurement
Capturing wideband signals for further analysis

Capturing wideband signals for further analysis

This section demonstrates how 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 |Q data. This 1Q 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.

The standard 10 MHz Analysis BW and optional 25 MHz Analysis BW digitizers used
to capture the wide bandwidth RF signals can be accessed from the front panel in 1Q
Analyzer (Basic) mode. This 1Q Analyzer mode provides basic setup, RF (FFT based)
and 1Q analysis tools

Within the 1Q 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 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 1Q waveform of voltage versus time is provided in the lower window.

The 1Q Waveform measurement provides a time domain view of the RF signal envelope
with power versus time or an 1Q waveform of voltage versus time.
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1Q Analyzer Measurement
Complex Spectrum Measurement

Complex Spectrum 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
measurement of | and Q modulated waveforms in the time domain disclose the
voltages which comprise the complex modulated waveform of a digital signal.

Step Action Notes
1 Set up the signal source. a. Set the mode to W-CDMA
3GPP with 4 carriers.

b. Set the frequency of the
signal source to 1.0 GHz.

c. Set the source amplitude to

-10 dBm.
2 Connect the source RF
OUTPUT to the analyzer RF
INPUT as shown.
3 Select the mode. * Press Mode, 1Q Analyzer
(Basic).
4 Preset the analyzer. * Press Mode Preset

b Setthe measurementcenter + Press Freq Channel, 1, GHz.

frequency.
6 Set the measurement * Press Span X Scale, 10,
span/analysis bandwidth. MHz (25 MHz if option B25
installed).
7 Enable the Complex * Press Meas, Complex Refer to the default view in Figure
Spectrum measurement. Spectrum. 11-1 or Figure 11-2.
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1Q Analyzer Measurement
Complex Spectrum Measurement

Step Action Notes
Figure 11-1 Spectrum and 1/Q Waveform (Span 10 MHz)
£ Agilent 1Q Analyzer (Basic) - Complex Spectrum @@@]
| | | | AC | ‘ﬁll\lﬂ | ALIGNAUTO 11:41:14 AM Aug 30, 2006 M i
Center Freq 1.000000000 GHz CH Freg: 1.000000000 GHz SaSUTEMENES
Input: RF ] Trig: Free Run Avg|Hold:»25/25
IFGain:Low Atten: 10 dB (Elec 0) Ext Gain: 0 dB
Ref 0dBm |
b i ‘,ﬂv'\;, il ’
Higfapbgpoohglindi e
Capture Time 1
IMSG STATUS
Figure 11-2 Spectrum and 1/Q Waveform (Span 25 MHz)
S Agllent 10 Analyzer (Basie) - Complex Spectrum mﬁ]m
Span 25,0MH2 : : R easurements
Input; RF rveaa) H Avg|Hold==25025
IFGain:Low Atten: 10 dB (Elec 0) Ext Gain: 0 dB
Ref 0 dBm
Span 25 MHz
Caplure Time 7
MSG ST!\TUS
NOTE A display with both an FFT derived spectrum in the upper window and an 1Q Waveform in the

lower window will appear when you activate a Complex Spectrum measurement. The active
window is outlined in green. Changes to Frequency, Span or Amplitude will affect only the
active window. Use the Next Window key to select a different window, and Zoom key to
enlarge the window.
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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
measurement of | and Q modulated waveforms in the time domain disclose the
voltages which comprise the complex modulated waveform of a digital signal.

Step Action Notes

1 Set up the signal source. a. Set the mode to W-CDMA
3GPP with 4 carriers.

b. Set the frequency of the
signal source to 1.0 GHz.

c. Set the source amplitude

to -10 dBm.
2 Connect the source RF
OUTPUT to the analyzer RF
INPUT as shown.
3 Select the mode. * Press Mode, 1Q Analyzer
(Basic).
4 Preset the analyzer. * Press Mode Preset.

b Set the measurement
center frequency.

Press Freq Channel, 1,
GHz.

6 Setthe measurement

span/analysis bandwidth.

Press Span X Scale, 10,
MHz (25 MHz if option
B25 installed).

~

measurement.

Enable the 1Q Waveform

Press Meas, 10
Waveform.

8 View the RF envelope.

Press View/Display, RF
Envelope.
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1Q Analyzer Measurement
10 Waveform (Time Domain) Measurement

Step Action Notes
9 Set the analysis * Press BW, Info BW, 10, This view provides a waveform display of
bandwidth. MHz (25 MHz if option power versus time of the RF signal in the
B25 installed). upper window with metrics for mean and
peak-to-mean in the lower window. Refer
to Figure 11-3 or Figure 11-4.
Figure 11-3 1Q Waveform Measurement - Time domain View (10 MHz BW)
i Agilent 1Q Analyzer (Basic) - 1Q Waveform
W 10:000 M 12 o] \Fref\l%;%\mom e | ALIGNAUTO  [11:45:49 AM Aug 30, 2006
Input: RF =] Trig: Free Run
IFGain:Low Atten: 10 dB (Elec 0) Ext Gain: 0 dB
] Ref 10_dBm
| Gaussian
0.0000 ms
IFBW 10.0000 MHz Gaussian 180001 Samples
Mean Pwr (Entire Trace) Current Data
-12.02 dBm
Pi-to-Mean 13.85 dB i Pt
Figure 11-4 1Q Waveform Measurement - Time domain View (25 MHz BW)

il Aglent 10 Analyzer (Basic) - 1Q Waveform

Info BW 25,000 MHz

Input: RF ey Trig:Free Run

IFGain:Low Atten: 10 dB (Elec 0) Ext Gain: 0 dB

Ref 10 dBm

Mean Pwr (Entire Trace) Current Data

-11.98 dBm
Pkto-Mean 13.73 dB

STATUS

BwW COrHrDI'
Gaussian

2.0000 msj
@ain: |
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1Q Analyzer Measurement
1@ Waveform (Time Domain) Measurement

Step Action Notes

10 View the 10 Waveform. * Press View/Display, 1Q
Waveform.

11 Set the time scale. * Press Span X Scale,

Scale/Div, 100, ns.

12 Enable markers. * Press Marker, Properties, This view provides a display of voltage
Marker Trace, 1Q versus time for the | and Q waveforms.
Waveform, 500, ns. Markers enable measurement of the
individual values of | and Q. Refer to
Figure 11-5.
Figure 11-5 1@ Waveform Measurement - with Markers

il Aglent 10 Analyzer (Basic) - 1Q Waveform rkﬁ]m

50 & AT | GENSENT] ] L1150:20 AM Aug 30, 2005 Broverti
Marker 1 X 500.0000000 ns CH Freq: 1000000000 GHz roperties
Input: RF ey Trig:Free Run
IFGain:Low Atten: 10 dB (Elec 0) Ext Gain: 0 dB SelectMarker

IF OW  10.000 M1z Gaussian 100001 Samples @1

MSG STATUS
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10 Waveform (Time Domain) Measurement
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12 Using Option BBA Baseband
1/Q Inputs
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Using Option BBA Baseband I/Q Inputs

Baseband 1/Q Measurements Available for X-Series Signal Analyzers

Baseband I/Q Measurements Available for X-Series Signal Analyzers

The following table shows the measurements that can be made using Baseband 1/Q

inputs:
Table 12-1 BBIQ Supported Measurements vs. Mode

Mode Measurements

GSM 1Q Waveform
GMSK Phase & Freq
EDGE EVM

802.16 OFDMA |Q Waveform
Power Stat CCDF

Modulation Analysis

TD-SCDMA

IQ Waveform
Power Stat CCDF
Code Domain

Mod Accuracy

Cdma2000

1Q Waveform
Power Stat CCDF
Code Domain
Mod Accuracy
QPSK EVM

1Q Analyzer (Basic)

1Q Waveform

Complex Spectrum
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Baseband 1/Q Measurement Overview

Baseband 1/Q Measurement Overview

The Baseband I/Q functionality is a hardware option, Option BBA. If the option is not
installed in the instrument, the I/Q functionality cannot be enabled.

The Baseband I/Q option provides four input ports and one Calibration Qutput port.
The input ports are |, I-bar, Q, and Q-bar. The | and I-bar together compose the |
channel and the Q and Q-bar together compose the Q channel. Each channel has two
modes of operation:

Mode Description

Single Ended In this mode, only the main port (I or Q) is used and the
complementary ports (I-bar or Q-bar) is ignored. The | and Q
ports are in single-ended mode when Differential “Off" is
selected.

(unbalanced)

Differential In this mode, both main and complementary ports are used. To
activate this mode, select Differential “On” from the | and Q

(balanced) Setup softkey menus.

The system supports a variety of input passive probes as well as the Agilent 1153A
active differential probe using the infinimax probe interface.

NOTE

To avoid duplication, this section describes only the details unique to using the
baseband 1/Q inputs. For generic measurement details, refer to the previous “Making
Measurements” sections.

To make measurements using baseband |/Q Inputs, make the following selections:

Step Notes

1 Select measurement. « Select a measurement that supports baseband I/Q
inputs.

2 Select the 1/Q Path.

o

Press Input/Qutput, 1/Q, 1/Q Path.

b. Select from the choices present on the screen. The
path selected is shown at the top of the
measurement screen.

3 Selectthe appropriate * For details see ““Selecting Input Probes for

circuit location and Baseband Measurements” on page 202" in the
probe(s) for Concepts chapter.
measurements.
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Baseband 1/Q Measurement Overview

Step

Notes

4 Select baseband 1/Q
input connectors.

b Set up the | Path (if
required).

. If you have set the I/Q Path to 1+jQ or to I Only,

press | Setup.

. Select whether Differential (Balanced) inputs is On

or Off.

. Select the input impedance, Input Z.
. Input a Skew value in seconds.

. Set up the | Probe by pressing I Probe.

i. Select probe Attenuation.

ii. Calibrate the probe. Press Calibrate... to start the
calibration procedure. Follow the calibration
procedure, clicking Next at the end of each step.

6 Set up the Q Path (if
required).

. If you have set the |/Q Path to 1+jQ or to Q Only,

press Q Setup.

. Select whether Differential (Balanced) inputs is On

or Off.

. Select the input impedance, Input Z.
. Input a Skew value in seconds.

. Set up the Q Probe by pressing Q Probe.

i. Select probe Attenuation.

ii. Calibrate the probe. Press Calibrate... to start the
calibration procedure. Follow the calibration
procedure, clicking Next at the end of each step.

7 Select the reference
impedance.

Press Reference Z, then input a value from one ohm
to one megohm.

The impedance selected is shown at the top of the
measurement screen.

8 Calibrate the cable (if
required).

. If you using cables that were not calibrated in the

probe calibration step, press 1/Q Cable Calibrate...

. Follow the calibration procedure, clicking Next at

the end of each step.

9 Make the desired
measurement.
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Option EXM External Mixing
Using Option EXM with the Agilent 11970 Series Mixers.

Using Option EXM with the Agilent 11970 Series Mixers.

The following examples explain how to, connect the external mixers to the signal
analyzer using a diplexer, chose the band of interest, activate conversion loss
correction data, and how to use the signal-identification functions.

Step Action Notes

1 Set up the equipment » Connect the signal source,
diplexer, and harmonic mixer to the
signal analyzer as shown:

[ i —|F |NPLIT/
o mOoooon . |1sL0 OUTPUT
i I o SMIA Cable
([ - | o
- L sisi=i=ls
. 1L
o = (=05 | =
o = [\j O] i
L) diplecer
Q OooOoomo O = I:IEIEEI" k
. = LC
ShA Barrel
BF Inpu
SIGNAL
SOURCE Agilent 11970 SERIES
HARMONIC MIXER
2 Set the analyzer to the * Press Mode, Spectrum Analyzer
Spectrum Analyzer mode
3 Preset the analyzer * Press Mode Preset.
4 Select external mixing. *  Press Input/Output, External The default is 11970A
Mixer, External Mixer, External
Mixer Setup

b ToselectQ,U,V orW a. Press Mixer Presets, Agilent

bands 11970.

b. Select the appropriate key
corresponding to 11970 frequency
band.

6 View the spectrum display * Press Return twice.
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Option EXM External Mixing

Using Option EXM with the Agilent 11970 Series Mixers.

Action

Notes

7 Tunethe analyzer to the
input signal frequency

a.
b.

Press FREQ Channel.

Enter a center frequency or a start
and stop frequency

8 TurnontheSigna ID
function

Press Input Output, External
Mixing, Signal ID Mode, Image
Suppress, Signal ID On.

This enables you to identify
true signals from images and
harmonics.

See “Signal ID” on page 166
for more information.
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Amplitude Calibration

See “Loading Conversion Loss Data for the PXA Signal Analyzer” on page 163. This
will guide you through entering the conversion loss data provided with the mixer, into a
corrections file that can be activated to provide amplitude corrected measurements.

Action Notes

1 To access corrections, press
Input/Output, More, Corrections,
Select Correction.

2 Choose a correction from the list. Note that you used one of the
Corrections numbered 1-6 when you
entered the conversion loss data into
the instrument.

3 Press Correction On. This applies the corrections to the
measurement.
NOTE Assure only ONE correction file is turned on because it is possible to turn on multiple

correction files, and if some of the files share the same frequency points, the
correction that results for those shared frequency points will cause measurement
errors. Therefore assure that only the correction file required for the measurement is
turned on, and turn off all other corrections.
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Loading Conversion Loss Data for the PXA Signal Analyzer

The conversion loss data supplied with your mixer can be loaded into your signal
analyzer from one of two sources:

+ By downloading the 70xxxxxx_X.csv file located on the CD ROM disk that is
provided with your mixer. The 70xxxxxx_X.csv file is transferred from the CD to the
USB memory stick (also provided), and then the USB memory stick inserted into
the PXA, and the file transferred to one of the analyzer corrections array locations.

» The mixer ships with a printed copy of the conversion loss data. Find the printed
copy conversion loss data that has the text "For Use with Agilent X-Series
analyzers only". The conversion loss data will need to be manually entered as
frequency and amplitude pairs into the analyzer corrections file. An example of
calibration data is shown in Figure 13-1 on page 167.

The CD also contains 70xxxxxx_X.pdf files of the conversion loss data that can be
printed, and then manually entered into a Correction array location. You will need to
enter the frequency and amplitude pairs into the analyzer corrections file. An
example of calibration data is shown in Figure 13-1 on page 167.

Down loading the conversion loss .csv files to the analyzer corrections array

Action

Notes

1

Install the CD ROM provided
with the mixer, into a PC.

You can view the contents of the CD.

Locate the 70xxxxxx_X.csv file

Copy the .csv fileto the USB
memory stick provided with the
mixer.

Insert the USB memory stick into
one of the USB portson the signa
analyzer.

It is recommended that you connect a
mouse and keyboard to the signal
analyzer.

Press Input/Qutput, More,
Corrections, Select Correction.

Choose a correction array from
the list of Correction 1 through
Correction 6.

Correction 1 has a provision to store
antenna corrections, so if antenna
corrections are required, reserve this
array for that use.

To seeif anything is already
stored in a particular correction,
press Correction, Edit.

Selecting Edit turns the correction ON.
Be sure to turn the correction OFF after
determining the contents of the
correction array.
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Action Notes

8 To delete acorrection table, press
Return, assure the Select
Correction key corresponds to the
correction you want to delete, and
press Delete Correction.

9 Onceacorrection array number is
selected, press Recall, Data
(Import), Amplitude Correction,
and choose one of the correction
array numbers.

10 Press Open, use the pull down
arrow in the "look in" box to
navigate to the USB memory
stick, and locate the
70xxxxxx_X.csv file.

11 Select the 70xxxxxx_X.csv file and  The conversion loss data will now load
click Open. into the specified corrections array.

12 To view the contents of the
corrections array in the conversion
loss table, press Input/Qutput,
More, Corrections, select the
corrections array number, and
press Edit.

13 Press Return to go back to the
measurement screen.

NOTE

Loading the .csv file automatically populates the Description and Comment fields
found under the Corrections, Properties key. To edit these fields, press Input/ Output,
More, Corrections, Select Correction, select the correction number, press Properties,
Description or Comment.
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Loading Conversion Loss Data for the PXA Signal Analyzer

Manually entering conversion loss data

Action

Notes

1 Locate the printed copy of the
conversion loss data that has the
text "For use with Agilent
X-Series analyzers only".

Or

Insert the CD provided with the
mixer into a PC and navigate to
the 70xxxxxx_X.pdf file.

The file contains tabular and graphic
conversion loss data. Be careful to select
the correct file since there are three files
provided for the 11970A, Q and V band
mixers. Print the 70xxxxxx_X.pdf file to
create a printed copy.

2 Press Input/Output, More,
Corrections, Select Correction.

3 Choose acorrection array from
thelist of Correction 1 through
Correction 6.

Correction 1 has a provision to store
antenna corrections, so if antenna
corrections are required, reserve this
array for that use.

4 Toseeif anything is already
stored in aparticular correction,
press Correction, Edit.

Selecting Edit turns the correction ON.
Be sure to turn the correction OFF after
determining the contents of the
correction array.

b To delete a correction table, press
Return, assure the Select
Correction key corresponds to the
correction you want to delete, and
press Delete Correction.

6 Select the correction number and
press Edit.
When finished press Return.

Use the keys provided to enter the
frequency and amplitude (conversion
loss) points from the calibration data
table. Conversion loss values are
entered as positive numbers.

NOTE

It is possible to add a description and a comment of what the selected correction is,
and have this description appear on the Description or Comment key. Press Properties,
and connect a keyboard to the instrument. For example, press Comment and type

11970V Serial XXxxxxxxxx. Press Done.
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Signal ID

NOTE

The number of sweep points, the span, and row settings determine the analyzer’s
frequency resolution. Signal ID results may vary when the span is changed.

For wide spans it is necessary to increase the number of sweep points when the span
per sweep point is greater than the RBW setting.

Image Suppress

The Image Suppress mode of Signal ID mathematically removes all image and multiple
responses of signals present at the mixer input. Two hidden sweeps are taken in
succession. The second sweep is offset in LO frequency by 2*IF/N. For each point in
each trace, the smaller amplitude from the two traces is taken and placed in that point
in Trace 1. Responses of each trace that lie on top of one another will remain and are
valid signals, others are images and are suppressed.

NOTE

This function takes control of and uses Trace 1. Any data in this trace prior to
activating Image Suppress will be lost.

Image Shift

In Image Suppress Mode, synchronization is ensured by first turning off Signal ID,
initiating a single sweep, then turning on Signal ID followed by two single sweeps.

Like the Image Suppress mode, Image Shift is a two sweep sequence. The data from
the first sweep is placed in Trace 1 and the data from the second (LO frequency shifted
by 2*IF/N) sweep is placed in Trace 2. Signal responses of Trace 1 and Trace 2 that
have the same horizontal position are considered to be in the current band and
therefore can be analyzed with the amplitude and frequency measurement systems of
the SA. All other responses are invalid and should be ignored.

NOTE

This function takes control of and uses Trace 1 and Trace 2. Any data in these traces
prior to activating Image Shift will be lost.

To synchronize in Image Shift Mode, turn off Signal ID and then initiate a single sweep.
Then turn on Signal ID and initiate two single sweeps. The results of the first sweep
after Signal ID is turned on are available in Trace 1. The next sweep is shifted and the
data from that sweep is available in Trace 2. The unshifted and shifted data can then
be compared.
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Figure 13-1
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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. Responding to a single-frequency signal, a
swept-tuned analyzer traces out the shape of the selected internal IF (intermediate
frequency) filter (typically referred to as the resolution bandwidth or RBW filter). As
you change the 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 a narrow enough filter is
used, the two input signals can be discriminated and appear as separate peaks. Thus,
signal resolution is determined by the IF filters inside the analyzer.

The bandwidth of the IF filter tells us how close together equal amplitude signals can
be and still be distinguished from each other. The resolution bandwidth function
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 resolution bandwidth 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 resolution bandwidth (1/BW2),t0 keep the
analyzer measurement calibrated. So, 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.

For best sweep times and keeping the analyzer calibrated 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 resolution bandwidth and the narrowest
span that still permits resolution of all desired signals.

Resolving Small Signals Hidden by Large Signals

When dealing with the resolution of signals that are close together and not equal in
amplitude, 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 170 for more
information.) The shape of a filter is defined by the selectivity, which 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.
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Figure 14-1

Concepts
Resolving Closely Spaced Signals

To view the smaller signal, select a resolution bandwidth such that k is less than a
(see Figure 14-1). 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
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Trigger Concepts

NOTE 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
with 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
2. Video Triggering

The Video trigger condition is met when the video signal (the filtered and detected
version of the input signal, including both RBW and VBW filtering) crosses the
video trigger level. Video triggering triggers the measurement 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 has not
already been selected, you need to press Video a second time to get to the Trigger
Level function.)

3. External Triggering

In the event that you have an external trigger available that can be used to
synchronize with the burst of interest, connect the trigger signal to the rear of the
analyzer using either the Tri gger 1 InorTrigger 2 |ninputconnector. It
might be necessary to adjust the trigger level 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.
4. RF Burst Wideband Triggering

RF burst triggering occurs in the IF circuitry chain, as opposed to after the video
detection circuitry with video triggering. In the event video triggering is used, the
detection filters are limited to the maximum width of the resolution bandwidth
filters. Set the analyzer in RF burst trigger mode.

Press Trigger, RF Burst.
5. Line Triggering
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Line triggering selects the line signal as the trigger. A new sweep/measurement
will start synchronized with the next cycle of the line voltage. Pressing this key,
when it is already selected, access the line trigger setup menu.

Press Trigger, Line.
Periodic Timer Triggering

This feature selects the internal periodic timer signal as the trigger. Trigger
occurrences are set by the Periodic Timer parameter, which is modified by the
Sync Source and Offset. Figure 14-2 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 so that it would not mistrigger. Mistriggering 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 of 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 use then 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 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.)
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Figure 14-2

Even-second Clock

Frame Triggering
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———~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. In the
case that 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.
Offset

Adjusts the accumulated offset between the periodic timer events and the
trigger event. Adjusting the accumulated offset is different than setting an
offset, and requires explanation.

The periodic timer is usually unsynchronized with any external events, so the
timing of its output events has no absolute meaning. Since the timing relative to
external events (RF signals) is important, you need to be able to adjust (offset)
it. However, you have no direct way to see when the periodic timer events
occur. All that you can see is the trigger timing. When you want to adjust the
trigger timing, you will be changing the internal offset between the periodic
timer events and the trigger event. Because the absolute value of that internal
offset is unknown, we will just call that the accumulated offset. Whenever the
Offset parameter is changed, you are changing that accumulated offset. You can
reset the displayed offset using Reset Offset Display. Changing the display
does not change the value of the accumulated offset, and you can still make
additional changes to accumulated offset.

Press Trigger, Periodic Timer.
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
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Press Trigger, Periodic Timer.
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Time Gating Concepts

Figure 14-3

Figure 14-4

Introduction: Using Time Gating on a Simplified Digital Radio Signal

This section shows you the concepts of using time gating on a simplified digital radio
signal. The section on Making Time-Gated Measurements demonstrates time gating
examples.

Figure 14-3 shows a signal with two radios, radio 1 and radio 2, that are time-sharing a
single frequency channel. Radio 1 transmits for 1 ms then radio 2 transmits for 1 ms.

Simplified Digital Mobile-Radio Signal in 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 14-4 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

i

MW/ \WM.

Time gating allows you to see the separate spectrum of radio 1 or radio 2 to determine
the source of the spurious signal, as shown in Figure 14-5
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Figure 14-5

Figure 14-6

Time-Gated Spectrum of Radio 1
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Time-Gated Spectrum of Radio 2
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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 the signal analyzer selectively interrupting the path of the
detected signal, with a gate, as shown in Figure 14-9 and Figure 14-8 The gate
determines the times at which it captures measurement data (when the gate is turned
“on,” under the Gate menu, the signal is being passed, otherwise when the gate is
“off,” the signal is being blocked). Under the right conditions, the only signals that the
analyzer measures are those present at the input to the analyzer when the gate is on.
With the correct signal analyzer settings, all other signals are masked out.

There are typically two main types of gating conditions, edge and level:

+ With edge gating, the gate timing is controlled by user parameters (gate delay and
gate length) following the selected (rising or falling) edge of the trigger signal. The
gate passes a signal on the edge of the trigger signal (after the gate delay time has
been met) and blocks the signal at the end of the gate length.

With edge gating, the gate control signal is usually an external periodic TTL signal
that rises and falls in synchronization with the rise and fall of the pulsed radio
signal. The gate delay is the time the analyzer waits after the trigger event to
enable the gate (see Figure 14-7).

+ With level gating, the gate will pass 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 14-7 Edge Trigger Timing Relationships
Positive Edge Trigger Negative Edge Trigger

Signal

Trigger J
|
I
I

Gate

W.

| — (| — |
— j¢— Delay —>je—NoDelay —| |¢— Delay ——}«— No Delay

With Agilent signal analyzers, there are three different implementations for time
gating: gated LO, gated video and gated FFT.
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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 14-8 notice that the
gate is placed after the envelope detector and before the video bandwidth filter in the
IF path (hence “gated video”).

The RF section of the signal analyzer responds to the signal. The selective gating
occurs before the video processing. This means that 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. The analyzer must be swept at a minimum sweep time (see the
sweep time calculations later in this chapter) 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.

Gated Video Signal Analyzer Block Diagram

Gated LO Concepts

Gated LO is a very sophisticated type of time gating that sweeps the LO only while the
gate is “on” and the gate is passing a signal. See Figure 14-9 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 the periods when the gate passes a signal. Gated LO
is faster than Gated Video because Gated Video must constrain sweep time so that
each point is long enough to include a burst event. On the other hand, when in Gated
LO, multiple points may be swept during each gate.
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Figure 14-9

Gated L0 Signal Analyzer Block Diagram

Gated FFT Concepts

Gated FFT (Fast-Fourier Transform) is an FFT measurement which begins when the
trigger conditions are satisfied.

The process of making a spectrum measurement with FFTs is inherently a “gated”
process, in that 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) = 183

RBW

The duration of the time record is within a tolerance of approximately 3% for resolution
bandwidths up through 1 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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Figure 14-10 Gated FFT Timing Diagram

Time Gating Basics (Gated LO and Gated Video)

The gate passes or blocks a signal with the following conditions:

+ Trigger condition - Usually an external transistor-transistor logic (TTL) periodic
signal for edge triggering and a high/low TTL signal for level triggering.

» Gate delay - The time after the trigger condition is met when the gate begins to
pass a signal.

+ Gate length - The gate length setting determines the length of time a gate begins to
pass a signal.

To understand time gating better, consider a spectrum measurement performed on two
pulsed-RF signals sharing the same frequency spectrum. You will need to 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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Figure 14-11

+ 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 you observe
them in the time domain (see Figure 14-11).

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 1 and signal 2 have almost the same carrier
frequency, their spectra overlap. Signal 2 will dominate in the frequency domain due to
its greater amplitude. Without gating, you won't see the spectrum of signal 1; 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 14-11, 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

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 14-13 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 14-12 Signal within pulse #1 (time-domain view)

Figure 14-13 Using Time Gating to View Signal 1 (spectrum view)

Moving the gate so that it is positioned over the middle of signal 2 produces a result as
shown in Figure 14-15 Here, you see only the spectrum within the pulses of signal 2;

signal 1 is excluded.

Figure 14-14 Signal within pulse #2 (time-domain view)
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Figure 14-15

Using Time Gating to View Signal 2 (spectrum view)

Measuring a Complex/Unknown Signal

NOTE

The steps below help to determine the signal analyzer settings when using time
gating. The steps apply to the time gating approaches using gated LO and gated video.

Step 1.

This example shows you 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 your signal under test appears in the time domain and how it is
synchronized to the trigger signal.

You need to do this to position the time gate by setting the delay relative to the trigger
signal. To set the delay, you need to know the timing relationship between the trigger
and the signal under test. Unless you already have a good idea of 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 t

+ Signal delay (SD), which is the length of time occurring between the trigger event
and when the signal is present and stable. If your trigger occurs at the same time
as the signal, signal delay will be zero.
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Figure 14-16 Time-domain Parameters
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In Figure 14-16, 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 appears on the
screen and the sweep time will need 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-).

Step 3. Locate the signal under test on the display of the signal analyzer. Set the 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 erratic or intermittent, you may
want to hold the maximum value of the signal with Max Hold (located under the
Trace/Detector menu) to determine the frequency of peak energy.
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Figure 14-17

Figure 14-18

Step 4.

To optimize measurement speed in the Gated LO case, set the span narrow enough so
that the display will still show the signal characteristics you want to measure. For
example, if you wanted to look for spurious signals within a 200 kHz frequency range,
you might 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 14-17

Positioning the Gate

There is flexibility in positioning the gate, but some positions offer a wider choice of
resolution bandwidths. A good rule of thumb is to position the gate from 20 % to 90 %
of the burst width. Doing so provides a reasonable compromise between setup time
and gate length.

Best Position for Gate
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Step 5.
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As a general rule, you will obtain the best measurement results 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 b for RBW calculations).

As an example, if you want to use a 1 kHz resolution bandwidth for measurements, you
will need to allow a setup time of at least 3.84 ms.

Note that the signal need not 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.

If you were measuring the spectrum occurring between pulses, you should use the
same (or longer) setup time after the pulse goes away, but before the gate goes on.
This lets the resolution bandwidth filters fully discharge the large pulse before the
measurement is made on the low-level interpulse signal.

Setup Time for Interpulse Measurement

The resolution bandwidth will need to be adjusted for gated LO and gated video. The
video bandwidth will only need to be adjusted for gated video.

Resolution Bandwidth:

The resolution bandwidth you can choose 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 comes on. Setup time, as mentioned, is the length of time that the signal is
present and stable before the gate comes on.
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Figure 14-20
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Step 6.

Because the resolution-bandwidth filters are band-limited devices, they 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:

3.84
SUT > =——
RBW
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 Bandwidth:

For gated LO measurements the VBW filter acts as a track-and-hold between sweep
times. With this behavior, the VBW does not need to resettle on each restart of the
sweep.

Adjust span as necessary, and perform your measurement.

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.
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"Quick Rules” for Making Time-Gated Measurements

This section summarizes the rules described in the previous sections.

Table 14-1 Determining Signal Analyzer Settings for Viewing a Pulsed RF Signal
Signal Signal Analyzer Setting Comments
Analyzer
Function
Sweep Time Set the sweep time to be equal to | Because the gate must be on at least once
(gated video or greater than per trace point, the sweep time should be
only) . set such that the sweep time for each trace
(number of sweep points - 1) x o
o ) point is greater than or equal to the pulse
pulse repetition interval (PRI): A
repetition interval.
Gate Delay The gate delay is equal to the The gate delay must be set so that the

signal delay plus one-fourth the
pulse width:

Gate Delay = Signal Delay + 1/5

gating 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 /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 > 19.5/1

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 14-21 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 (t). If you know these
parameters, you can begin by picking some standard settings. Table 14-2 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 14-2 Suggested Initial Settings for Known Pulse Width (1) and Zero Signal Delay

Pulse width (1) Gate Delay Resolution Gate Length
(SD + 1/5) Bandwidth (>19.5/1) | (0.7 x t/4)

4 us 0.8 us 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 us
100 us 20 us 195 kHz 17.5 us
500 us 100 us 39 kHz 87.5 us
1 ms 200 us 19.5 kHz 0.175 us
5ms 1 ms 3.9 kHz 0.875 ms
10 ms 2 ms 1.95 kHz 1.75 ms
16.6 ms 3.32 ms 1.175 kHz 2.905 ms
33 ms 6.6 ms 591 Hz 5.775 ms
50 ms 10 ms 390 Hz 8.75 ms
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Table 14-2 Suggested Initial Settings for Known Pulse Width () and Zero Signal Delay
Pulse width (1) Gate Delay Resolution Gate Length
(SD + t/5) Bandwidth (>19.5/1) | (0.7 x t/4)
100 ms 20 ms 195 Hz 17.5 ms
2130 ms 26 ms 151 Hz 22.75 ms
Table 14-3 If You Have a Problem with the 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 until it is 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 input impedance, 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 not
charging fully.

Widen resolution bandwidth or video
bandwidth, or both.
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Using the Edge Mode or Level Mode for Triggering

Figure 14-22

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 14-22 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

J.

o

W.

— j[¢— Delay —>je—NoDelay —| [¢«— 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 Agilent 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 14-23

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 Figure 14-23

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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1Q Analysis Concepts

Purpose

1Q 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 10 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 1Q 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 1Q 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 1Q waveform of voltage versus time is
provided in the lower window. One advantage of having an 1/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.

10 Waveform Measurement

Purpose

The 1Q Waveform measurement provides a time domain view of the RF signal envelope
with power versus time or an |1Q waveform with the | and Q signal waveforms in
parameters of voltage versus time. The RF Envelope view provides the power verses
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time display, and the 1/Q Waveform view provides the voltage versus time display. One
advantage of having an 1/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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Spurious Emissions Measurement Concepts

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

The 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 'F' in 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. As it applies to W-CDMA (3GPP), this 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
five pairs of offset/region frequencies and relates them to the carrier power. The
reference channel integration bandwidth method is used to measure the carrier
channel power and offset/region powers. When Offset is selected, spectrum emission
mask measurements are made, relative to the carrier channel frequency bandwidth.
When Region is selected, spurious emission absolute measurements are made, set by
specifying start and stop RF frequencies. The upper frequency range limit is 3.678 GHz.

This integration bandwidth method is used to perform a data acquisition. In this
process, the reference channel integration bandwidth (Meas BW) is analyzed using
the automatically 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 5. 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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Occupied Bandwidth Measurement Concepts

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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Baseband 1/Q Inputs (Option BBA) Measurement Concepts

The N9020A Option BBA Baseband I/Q Inputs provides the ability to analyze baseband
I/Q signal characteristics of mobile and base station transmitters. This option may be
used only in conjunction with the following modes:

+ 10 Analyzer (Basic)
+ 802.16 OFDMA (WiMAX/WiBro)

* ¢dma2000
« GSM/EDGE
- TD-SCDMA

What are Baseband 1/Q Inputs?

Option BBA consists of a Baseband Input module, four input connectors, and a
calibration output connector. The connectors are at the left side of the front panel. The
two ports labeled “I” and “Q" are the “unbalanced” inputs.

An unbalanced or “single-ended” baseband measurement of an | or Q signal is made
using a probe connected to the | or Q connector. A simultaneous |/Q unbalanced
single-ended measurement may be made using two probes connected to the | and Q
input connectors.

If “balanced” signals are available, they may be used to make a more accurate
measurement. Balanced signals are signals present in two separate conductors, are
symmetrical about ground, and are opposite in polarity, or out of phase by 180 degrees.

Measurements using balanced signals can have a higher signal to noise ratio resulting
in improved accuracy. Noise coupled into each conductor equally in a “common mode”
to both signals may be separated from the signal. The measure of this separation is
“common-mode rejection”.

To make a balanced measurement, the two connectors labeled “I” and “Q” are used in
conjunction with the | and Q inputs. The terms “I-bar” and “Q-bar” may be applied to
the signals, as well as the inputs themselves. Probes (customer provided) must be
used to input balanced baseband 1/Q signals. This may be referred to as a balanced
measurement.

Balanced baseband measurements are made using the | and connectors for | only
signal measurements, while the Q and connectors are used for a Q only signal
measurement. Balanced measurements of I/Q require differential probe connections
to all four input connectors. For details of probe selection and use, refer to “Selecting
Input Probes for Baseband Measurements” on page 202.

What are Baseband 1/Q Signals?

In transmitters, the term baseband 1/Q refers to signals that are the fundamental
products of individual 1/Q modulators, before the | and Q component signals are
combined, and before upconversion to IF or RF frequencies.
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In receivers, baseband 1/Q analysis may be used to test the | and Q products of I/Q
demodulators, after an RF signal has been downconverted and demodulated.

Why Make Measurements at Baseband?

Baseband 1/Q measurements are a valuable means of making qualitative analyses of
the following operating characteristics:

I/Q signal layer access for performing format-specific demodulation measurements
(for example, COMA, GSM, W-CDMA).

Modulation accuracy — that is,. I/Q plane metrics:
— rho

— error vector magnitude; rms, peak, or 95%

— carrier feed-through

— frequency error

— magnitude and phase errors

Code-domain analysis (including code-specific metrics)

CCDF of 1 + Q2

Single sideband (SSB) metrics for assessing output quality

Basic analysis of | and Q signals in isolation including: DC content, rms and peak to
peak levels, CCDF of each channel

Comparisons of measurements made at baseband and RF frequencies produced by the
same device are especially revealing. Once signal integrity is verified at baseband,
impairments can be traced to specific stages of upconversion, amplification, or filtering
by RF analysis. In addition, impairments to signal quality that are apparent at RF
frequencies may be traceable to baseband using baseband analysis.
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Selecting Input Probes for Baseband Measurements

The selection of baseband measurement probe(s) and measurement method is
primarily dependent on the location of the measurement point in the circuit. The probe
must sample voltages without imposing an inappropriate load on the circuit.

The system supports a variety of 1 MQ impedance input passive probes as well as the
Agilent 1153A active differential probe using the InfiniMax probe interface.

The Agilent 1153A active probe can be used for both single-ended and differential
measurements. In either case a single connection is made for each channel (on either
the | or Q input). The input is automatically configured to 50 Q single-ended type
measurement and the probe power is supplied through the InfiniMax interface. The
probe can be configured for a variety of input coupling and low frequency rejection
modes. In addition, a wide range of offset voltages and probe attenuation accessories
are supported at the probe interface. The active probe has the advantage that it does
not significantly load the circuit under test, even with unity gain probing.

With passive 1 MCQ probes, the probe will introduce a capacitive load on the circuit,
unless a higher attenuation is used at the probe interface. Higher attenuation helps
isolate the probe, however, it reduces the signal level and degrades the
signal-to-noise-ratio of the measurement. Passive probes are available with a variety
of attenuation values for a moderate cost. Many Agilent passive probes can be
automatically identified by the system, setting the input impedance required as well as
the nominal attenuation. For single-ended measurements a single probe is used for
each channel. Other passive probes can be used, after manually setting the
attenuation and probe impedance configurations.

For full differential measurements, the system supports probes on each of the four
inputs. The attenuation for each of the probes should be the same for good common
mode rejection and channel match.

Supported Probes

The following table lists the probes currently supported by Option BBA:

Probe Type Model Number Description

Active 1130A 1.5 GHz differential probe amp
(No probe head)

1131A2 InfiniMax 3.5 GHz probe
1132A32 InfiniMax 5 GHz probe
1133A2 InfiniMax 7 GHz probe
Passive 1161A Miniature passive probe, 10:1, 10 MQ,
1.5m
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a. Probe heads are necessary to attach to your device properly. Probe con-
nectivity kits such as the E2668A, E2669A or E2675A are needed. For
more details, refer to the Agilent probe configuration guide, 5968-7141EN
and 5989-6162EN.

Probes without Stored Calibration

The following 115xA active probes may be used with the MXA's baseband IQ inputs
and may use the same probe calibration utility software. However, the probe
calibration data is not stored in the MXA and will be lost if power is cycled. Use of the
E2655B de-skew and calibration kit, including the calibration fixture, is required
because of the different physical configuration of the probes. (The physical
connections are different mechanically, not electrically.)

Probe Type Model Number Description

Active 1153A 200MHz differential probe
1156A Active probe, 1.5 GHz
1157A Active probe, 2.5 GHz
1158A Active probe, 4 GHz

Refer to the current Agilent probe data sheet for specific information regarding
frequency of operation and power supply requirements.

Baseband 1/Q Measurement Views

Measurement result views made in the IQ Analyzer (Basic) mode are available for
baseband signals if they relate to the nature of the signal itself. Many measurements
which relate to the characteristics that baseband | and Q signals have when mixed and
upconverted to signals in the RF spectrum can be made as well. However,
measurements which relate to the characteristics of an upconverted signal that lie
beyond the bandwidth available to the Baseband I/Q Input circuits can not be
measured (the limit are dependent on the installed options: Standard — 10 Hz to 20
MHz, Option B25 — 10 Hz to 50 MHz, and Option S40 — 10 Hz to 80 MHz).

At RF frequencies, power measurements are conventionally displayed on a logarithmic
vertical scale in dBm units, whereas measurements of baseband signals using
Baseband 1/Q inputs may be conveniently displayed as voltage using a linear vertical
scale as well as a log scale.

Spectrum Views and 0 Hz Center Frequency

To view the Spectrum display of | only or Q only signals, use the Complex Spectrum
measurement capability in 1Q Analyzer (Basic) Mode.

| only and Q only Spectrum views are conventional, displayed with 0 Hz at the left side
of the horizontal axis. When upconverted or multiplied, an | only or Q only signal could
ultimately lie above or below the carrier center frequency, but in either case it will only
occupy half the bandwidth.
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Waveform Signal Envelope Views of | only or Q only

To view the Signal Envelope display of | only or Q only signals, use the Waveform
measurement capability in 1Q Analyzer (Basic) Mode.

The | and Q Waveform of an 1/Q signal is very different from the complex signal
displayed in the RF Envelope view. That is because the RF Envelope is a product of
both the | and Q modulation waveforms.

However, an | and Q Waveform measurement of an | only or Q only signal is exactly the
same signal displayed in the RF Envelope view. That is because an | only or Q only
waveform determines the | only or Q only signal envelope. Thus, the RF Envelope view
can be used to measure an | only or Q only waveform directly.
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Numerics

50 ohm load 18
50 ohm/75 ohm minimum loss pad 18
75 ohm matching transformer 18

A

AC probe 18
Accessories 18
accessories
50 ohm load 18
50 ohm/75 ohm minimum loss pad
18
75 ohm matching transformer 18
AC probe 18
broadband preamplifiers 19
GPIB cable 19
power splitters 20
RF limiters 19
transient limiters 19
ACPkey
MEASKkey 118
ACP measurement 116
Adjacent Channel Power measurement
116
AM demodulation
time-domain demodul ation,
manually calculating 194
AM signa demodulation 140
amplifiers 19
amplitude calibration for externa
mixing 162
analyzer distortion products 64
arrow keys, using 12
attenuation
input, reducing 44
setting automatically 46
setting manually 45
averaging
description 52
types 52

B

band power marker 83
Bluetooth power measurement 126
broadband preamplifiers 19
Burst Power key
Measkey 126
Burst Power measurement 126

C

cable
GPIB 19
CCDF measurement 121
CCDP key
Meas key 122
Channel Power key

Meas key 112
Channel power measurement 112
channel power measurement

noise-like signals 81
comparing signals

two signals 22

two signals not on the same screen 25
complex spectrum measurement 195
Concepts

AM demodulation 194

FM demodulation 194
concepts

gated FFT (PSA) 180

gated LO (PSA) 179

gated video (ESA) 179

IF filter, defined 170

resolving signals of equal amplitude

170
resolving small signals hidden by
large signals 170
time gating 176

D

data, entering from front panel 12
DC probes
use of 18
delta band marker function 39
delta marker 22
demodulating
AM 140
AM overview 140
detectors, average 50
distortion measurements
identifying distortion products 64
identifying TOI distortion 67
overview 64
distortion products 64
drifting signals 61

E

Enter key, using 12
equipment 17
ESD safety accessories 20
examples
AM demodulation
manual demodulation 140
amplitude calibration 162
average detector, using 50
averaging, trace 52
distortion
identify distortion products 64
TOI 67
external mixing 160
frequency accuracy 15
frequency drift 58
input attenuation, reducing 44
marker counter 56

measuring
low-level signals 50
noise
band power marker 78
channel power, using 81
noise marker 74
overview 72
signal to noise 72
resolution bandwidth, reducing 47
signals
low-level, overview 44
off-screen, comparing 25
on-screen, comparing 22
resolving, equal amplitude 28
resolving, small signals hidden by
large signals 33
signals, viewing 14
time gating
ESA-E time gate 104
PSA gated FFT 108
PSA gated sweep 100
trace averaging 52
tracking asignal 61

F

factory preset, description 13
finding hidden signals 170
FM demodulation

time-domain demodulation,

manually calculating 194
frequency accuracy, increasing 15
frequency readout resolution increased
56

front panel
entering data 12

G

gate delay

Setting the gate delay, time gating 187
gate length

setting the gate length, time gating

187

gated FFT (PSA), concepts 180
gated LO (PSA), concepts 179
gated video (ESA), concepts 179
GPIB cable 19

H

harmonic distortion
measuring low-level signals 25

I

identifying distortion products 64
initial setting for time gating 190
input attenuation, reducing 44
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intermodul ation distortion, third order
67

interval power marker function 39

ig waveform measurement 195

K

keypad, using 12
knob, using 12

L

limiters
RF and transient 19

load, 50 ohm 18

low-level signals
harmonics, measuring 25
input attenuation, reducing 44
resolution bandwidth, reducing 47
sweep time, reducing 50
trace averaging 52

M

marker
frequency and amplitude, reading 14
moving
to reference level 14
with knob or arrow key 14
marker annotation
location 14
marker counter example
marker frequency resolution 56
marker function
deltaband 39
interval power 39
markers
delta 22
markers, advanced
band power 83
markers, advances
noise marker 83
MEAS key
ACPkey 118
Mess key
Burst Power key 126
CCDPkey 122
Channel Power key 112
Spectrum Emission Mask key 136
measure complex modulation power 39
measurement
ACP or spurious emissions mask 197
occupied bandwidth 199
spectrum shape 199
spectrum emission mask 198
measurements
distortion 64
identifying 64
TOI 67

external mixing 160
frequency drift 58, 61
noise
band power marker 78
channel power 81
noise marker 74
overview 72
signal to noise 72
time gating 93
ESA-E time gate 104
PSA gated FFT 108
PSA gated sweep 100
moving signals 61

N

noise marker 83
noise measurements
band power marker, using 78
channel power, using 81
noise marker, using 74
overview 72
signal to noise 72
sweep time, reducing 50
Noi se power measurement near noise
floor 88
numeric keypad, using 12

(0]

occupied bandwidth

99.0% bandwidth 199

measurement method 199

purpose 199

total absolute power 199
Occupied Bandwidth measurement 114
overviews

distortion 64

low-level signal 44

noise 72

resolving signals 170

time gating 176

P

positioning the gate, time gating 186
power amplifiers 19
power diff

trace math function 88
power splitters 20
preamplifiers 19
preset

factory 13

types 13

user, creating 13
probes

ACand DC 18

R

RBW selections 49
reference level, setting 14
resolution bandwidth

adjusting 47

resolving signals 170
resolving signals

small signals hidden by large signals

170

resolving two signals

equal amplitude 28, 170
resolving, equal amplitude 170
RF limiters 19
RPG, using 12
rulesfor time gating 189

S

signal parameters for atime-gated
measurement 184
signal tracking
example 61
marker tracking 37
using to resolve signals 37
signals
low-level, overview 44
off-screen, comparing 25
on-screen, comparing 22
resolving, overview 170
separating, overview 170
signals, increasing accuracy 15
signals, viewing 14
softkeys, auto and man mode 13
softkeys, basic types 12
Spectrum (Frequency Domain) key
195

Spectrum analysis measurement
application 111
channel power 81
spectrum emission mask
in-band and out-of-band spurious
emissions 198
integration bandwidth method 198
measurement method 198
offset or region frequency pairs 198
purpose 198
reference channel integration
bandwidth 198
spectral regrowth 198
Spectrum Emission Mask key
Meas key 136
Spectrum Emission Mask measurement
135
spectrum measurement
method 195
splitters 20
static safety accessories 20
Statistical Power measurement 121
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sweep time and sensitivity trade off 49

sweep time for atime-gated
measurement 104, 185

sweep time, changing 50

T

test equipment 17
third order intermodulation distortion
example 67
time gating
description 176
ESA-E time gate, using 104
example 93
gated FFT (PSA), concepts 180
gated LO (PSA), concepts 179
gated video (ESA), concepts 179
how time gating works 178
initial settings 190
keys 186
positioning the gate 101, 186
PSA gated FFT, using 108
PSA gated sweep, using 100
rules 189
setting sweep time 190
Setting the gate length 187
setting theresol ution bandwidth 187,
188
Setting the span 185, 188
setting the video bandwidth 187
signal parameters 184
steps for measuring unknown signals
184
sweep time 104, 185
triggering
edge mode 192
level mode 192
negative edge 192
positive edge 192
troubleshooting 190
time gating measurement 93
trace math function
power diff 88
tracking unstable signals 61
transient limiter 19
troubleshooting
time-gated measurements 190

u

unit softkeys, using 12
unstable signals 61
user preset
creating 13
description 13

w
waveform

method 196
Waveform (Time Domain) key 195
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