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Where to Find the Latest Information

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

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

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

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

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

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

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

Information on preventing analyzer damage can be found at:

http://www.keysight.com/find/tips
Is your product software up-to-date?

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

http://www.keysight.com/find/techsupport
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Getting Started with the Spectrum Analyzer Measurement Application

1 Getting Started with the Spectrum Analyzer
Measurement Application

This chapter provides some basic information about using the Spectrum Analyzer
and 1Q 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 hard ware
(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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Making a Basic Measurement

Making a Basic M easurement

Refer to the description of the instrument front and rear panels to improve your
understanding of the Keysight 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 waitt).

Using the front panel

Entering data

When setting measurement parameters, there are several waysto 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 theright side of the display) provide accessto many
analyzer functions. Here are examples of menu key types:

Toggle Allows you to activate/deactivate states.
Example: Toggles the selection (underlined choice) each time you press
Signal the key.
On Off

Submenu 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

State »| 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,
Y Axis Unit J in this example, dBm. When the choice is made, the submenu
HB8m automatically returns.

Highlights the softkey and sets the active function.

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

Stop Freqg
3 GHz

The default for softkeys with an automatic (Auto) or manual
Res BW L .
300 kHz (Man) choice is automatic. After you enter a value, the
Auto Man 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.

M ode Preset Thistype 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 Setthecurrent parameters = Press User Preset, Save User Preset
asthe user preset state

3 To select apreset state »  Press User Preset, User Preset
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Making a Basic Measurement

Viewing a signal

Step Action Notes

4 Return the current Press M ode Preset.
mode settings to
factory defaults.

5 Routetheinterna Press I nput/Output,

50 MHz signal to the RF Calibrator, 50,
analyzer input. MHz.

6 Set thereference Press AMPTD Y
level to 10 dBm. Scale, 10, dBm.

7 Set the center Press FREQ The 50 MHz reference
frequency to 40 Channel, Center signal appears on the
MHz. Freq, 40, MHz. display

8 Set the frequency Press SPAN, 50, MHz.
span to 50 MHz.

Reading frequency and amplitude

Step Action Notes

1 Activate amarker Press Peak The frequency and amplitude of
and placeit on the Sear ch. the marker appear in the active
highest amplitude function block in the
signal. 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 Toreturn the marker Press Peak
to the peak of the Search.
signal.

Changing reference level

Step Action Notes

1 Changethereference a. Press AMPLTD  The reference level is now the
level. Y Scale. active function.

b. PressMarker —>,
Mkr —> Ref Lvl.

14
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I mproving frequency accur acy

Making a Basic Measurement

NOTE

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

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

Marker Count.

3 Toincreasethe
accuracy of the
frequency readingin
the marker
annotation.

Press Counter .

The marker active function
annotation changes from Mkr1
to Cntr1.

The displayed resolution in the
marker annotation improves.

4 Movethesigna peak
to the center of the

display.

Press Marker —,
Mkr —> CF.
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Valid marker count range

NOTE Marker count functions properly only on CW signals or discrete peaks. For avalid
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 long
50 MHz peak. 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

2 Enter anew 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
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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 N90O60A Spectrum
Analyzer Measurement Application, refer to the Keysight 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
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Accessories Available

A number of accessories are available from Keysight Technologies to help you
configure your analyzer for your specific applications. They can be ordered through
your local Keysight 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 avail able askitsthat you can order and install
later. Order kits through your local Keysight Sales and Service Office.

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

50 ohm load

The Keysight 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: DCto 2 GHz
909D: DC to 26.5 GHz

50 ohm/75 ohm minimum loss pad

The Keysight 11852B is alow VSWR minimum loss pad that alows you to make
measurements on 75 Ohm devices using an analyzer with a 50 Ohm input. It is
effective over afrequency range of dcto 2 GHz.

75 ohm matching transfor mer

The Keysight 11694A allows you to make measurements in 75 Ohm systems using
an analyzer with a50 Ohm input. It is effective over a frequency range of 3 to
500 MHz.

AC probe

The Keysight 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 afrequency range of
300 kHz to 3 GHz. High probe sensitivity and low distortion levels alow
measurements to be made while taking advantage of the full dynamic range of the
signal analyzer.

18
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AC probe (low frequency)

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

Broadband preamplifiersand power amplifiers

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

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

» TheKeysight 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.)

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

» TheKeysight 85905A CATV 75 ohm preamplifier provides a minimum of 18 dB
gainfrom 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 atypical noise figure of 1.8 dB.

GPIB cable

The Keysight 10833 Series GPIB cablesinterconnect GPIB devices and are available
in four different lengths (0.5 to 4 meters). GPIB cables are used to connect
controllersto asignal analyzer.

USB/GPIB cable

The Keysight 82357A USB/GPIB interface provides adirect 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

TheKeysight 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 beginsreflecting signal levelsover 1 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.
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The Keysight 11947A Transient Limiter protects the analyzer input circuits from
damage due to signal transients. It specifically is needed for use with aline
impedance stabilization network (LISN). It operates over afrequency range of 9 kHz
to 200 MHz, with 10 dB of insertion loss.

Power splitters

The Keysight 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 abroad frequency range, allows wideband measurements to be made with
aminimum of uncertainty.

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

Satic safety accessories

9300-1367 Wrist-strap, color black, stainless steel. Four adjustablelinksand a
7 mm post-type connection.
9300-0980 Wrist-strap cord 1.5 m (5 ft.)
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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 asradio or television signal spectra. The analyzer deltamarker
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

|
\ Il
Step Action Notes
1 Connect the 10 MHz OUT
from the rear panel to the
front panel RF input.
2 Select the mode. «  Press Mode, Spectrum Analyzer.
3 Preset the mode. - Press Mode Preset.
4 Configure the analyzer a. Press FREQ Channel, Center This sets the analyzer center
settings. Freq, 30, MHz. frequency, span and reference
b. Press SPAN X Scale, Span, 50, level_ to view th_e 10 MHz signal
and its harmonics up to 50
MHz.
MHz.
C. PressAMPTD Y Scale, Ref Level,
10, dBm.

22
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Comparing Signals on the Same Screen Using Marker Delta

Step Action Notes

5 Place amarker at the Press Peak Sear ch. The Next Pk Right and Next
highest peak on the display Pk L eft softkeys are available
(10 MH2). 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 symbolis 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 Movethe 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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Step Action Notes

Figure 2-2 Using the Delta Marker Function

] Agilent Spectrum Analyzer - Swept SA E

soe |1 ] : ALIGN AUTO

_ |
Marker 1 A 20.050000000 MHz | Avg Type: Log-Pwr
\nput: RF PNO: Fast L, 17ig:FreeRun
IFGain:Low & Atten: 20 dB

Peak Search

AMkr1 20.05 MHz MleiiPeats

Ref 10.00 dBm -52.835 dB

Xe

Next Left]

Next Right|

Marker Delta

Span 50.00 MHz
VBW 470 kHz Sweep 1.00 ms (1001 pts)

status| ! 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
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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 onetime. (Thistechnique 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 Sgnal on Screen with One Signal Off Screen
Signals you want
to compare
L] 3
——
l | ]
Step Action Notes
1 Connect the 10 MHz OUT
from the rear panel to the
front panel RF input.
2 Select the mode. Press M ode, Spectrum
Analyzer.
3 Preset the mode. Press M ode Preset.

4 Configure the analyzer a. PressFREQ Channdl,

settings.

Center Freq, 10, MHz.

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

c. PressAMPTD 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
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Step Action Notes
5 Place amarker at the »  Press Peak Search.
highest peak on the
display (10 MHZz).
6 Set the center frequency + PressMarker —, Mkr —
step size equal to the CF Sep.
marker frequency.
7 Activate the marker delta
function.
8 Increase the center «  Press FREQ Channedl, The first marker and delta markers
frequency by 10 MHz. Center Freg, T. move to the left edge of the screen, at
the amplitude of the first signal peak.
9 Movethedeltamarkerto - Press Peak Search. Figure 2-4 shows the reference
the new center frequency. 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

e —
R e 501 S S I g ALIGN AUTO
Marker 1 A 10.000000000 MHz Avg Type: Log-Pwr Peak Search

Input: RE PNO: >30k G, 1rigi Free Run
IFGain:Low & Atten: 20 dB

AMKr1 10,000 MHz HEXtREaK
-71.380 dB

Ref 10.00 dBm
Next Left
)
Next Right
| s |

Marker Delta

Mkr—CF

Span 5.000 MHz
VBW 47 kHz Sweep 2.73 ms (1001 pts)
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Step Action Notes

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

27
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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
signalsisthe same width asthe signal separation whilethe VBW isdlightly narrower
than the RBW.

Step Action Notes

1 Connect two sourcesto the
analyzer RF INPUT as
shown.

SPECTRUM
ANALYZER
SIGNAL GENERATOR #1 SIGNAL GENERATOR #2 -~ N
— L‘ ‘—/ L‘ [EEEEEE]
9 2] [s = gE8g ° =[Sl
: E@Eﬁﬁg 2 Qe o =SBt =
o 828 568 o o B83 885 o coeomooo| O 995
-
RF Input
Qutput
5
2 L
DIRECTIONAL
COUPLER
mxa-pl790hb
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

: —20 dBm at the output of the
b. Set the frequency of signdl bridge/directional coupler. (The

generator #2 to 300.1 MHz. _4 dBm setting plus —16 dB

c. Set signal generator #1 amplitude  coupling factor of the 86205A
to —20 dBm. results in a —20 dBm signal.)

d. Set signal generator #2 amplitude
to—4 dBm.

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

4 Preset the analyzer. «  Press Mode Preset.

5 Setuptheanayzertoview a PressFREQ Channel, Center A single signal peak is visible.
the signals. Freq, 300, MHz. See Figure 2-5.

b. PressBW, Res BW, 300, kHz.

c. Press SPAN X Scale, Span, 2,
MHz.
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Step Action

Measuring Multiple Signals
Resolving Signals of Equal Amplitude

Notes

Figure 2-5 Unresolved Signals of Equal Amplitude

:] Agilent Spectrum Analyzer - Swept SA
R i 0 I —

ALIGH AUTO

EBEX

Span 2.00000000 MHz
Input: RF

Avg Type: Log-Pwr
Trig: Free Run

PNO: Fast )
g~ Atten: 10 dB

IFGain:Low &

Ref 0.00 dBm

VBW 300 kHz

Span

J M e
2.00000000 MHz

signal Track
Span Z
Span 2.000 MHz|[ SRR
Sweep 1.00 ms (1001 pts) b

STATUS

6 Change the RBW. Press BW, ResBW, 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
| Agllent Spectrum Analyzer - Swept S&
o0 & L AITO 02:07:37 PM Jdl 31, 2006
i Avg Type: Log-Pwr TRACE
Video BW 10 kHz — I?g:;[‘:;;' Lr‘i“mnl‘:r:;:!;n ] g |‘::_
Ref 0.00 dBm
RBW Control
[Gaussian,-3 dB]
Center 00 MHz Span 2.000 MHz
#Res BW 100 kHz #VBW 10 kHz Sweep 1.60 ms (1001 pts)
8 Decrease the RBW. - Press BW, ResBW, 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.

30



Step

Measuring Multiple Signals
Resolving Signals of Equal Amplitude

Action Notes

Figure 2-7

Resolving signals of equal amplitude

Tl Agilent Spectrum Analyzer - Swept SA

12:18:03 PM Jun 30, 2006

RBW 10 kHz "' ArgiTip Loy o 2l

Input: RF PNO: >30k () 1119: Free Run
IFGain:Low @ Atten: 10 dB

Ref 0.00 dBm

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

ETATUS

As the resolution bandwidth is decreased, resolution of the individual signalsis
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 hext to Res BW in the lower-left corner of the screen, indicating that the
resolution bandwidth is uncoupled. (For more information on coupling, refer to the
Auto Couple key description in the Keysight Technologies X-Series User’s and
Programmer’s Reference.)

NOTE

An dternative method for resolving two equal amplitude signalsisto use the Auto
Tune Function as follows:

Press M ode Preset.
Press Freq Channel, Auto Tune.

Thetwo signals are fully resolved with amarker 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 Resolving Sgnals of Equal Amplitude

_ﬂ.l.gﬂenl Spectrum Analyzer - Swept SA
&0 & 0220322 PM )l 31, 2006

Center Freq 300.052558 MHz .y ArgiTiesilegPar e Frequency

n : " Trig: Free Run T ;.u
in:! I Atten: 6 dB
z 89¢ I\ i
! Ref -17.02 dBm :
CenterFreq
300.052558 MHz
-

H
H

Freq
259893963 M
Stop Freq
300.211153 MHz
CF Ste
31719k
Man

P
r\ll (y e
x[ \,]tl‘m ll-';rl_rrll':'],|lll1u‘||1 . I
|

1 o ,Ir
| | 11“_,1

Center 300.0526 MHz Span 317.2 kHz
Res BW 3.0 kHz VEW 3.0 kHz Sweep 42.5 ms (1001 pts)
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Measuring Multiple Signals

Resolving Small Signals Hidden by Large Signals

Resolving Small SignalsHidden by Large Signals

This procedure uses narrow resol ution bandwidths to resolve two input signals with
afrequency separation of 50 kHz and an amplitude difference of 60 dB.

Step Action Notes
1 Connect two sourcesto the
analyzer RF INPUT as
shown.
SPECTRUM
ANALYZER
SIGNAL GENERATOR #1 SIGNAL GENERATOR #2 P N
— L‘ ‘—/ L‘ = [=T=[=]=]=]=]
9 2] [s = gE8g ° =[Sl
S E@Eﬁﬁg S €} T =88 =
o e 888 o o a33 880 o e (JRnG
h i
RF Input
Qutput
3
2 1
DIRECTIONAL
COUPLER
mxa-pl790hb

2 Set up the signal sources.

a. Set the frequency of signal

generator #1 to 300 MHz.
b. Set the frequency of the signal This si . . .
is signal is 50 kHz higher in
generator #2t0 300.05 MHz. frequency than the first signal.
c. Set signal generator #1 amplitudeto
—10 dBm.
d. Set signal generator #2 amplitudeto  The —54 dBm setting plus
-54 dBm. —16 dB coupling factor of the
86205A results in a signal 60
dB below the first signal.
3 Select the mode Press M ode, Spectrum Analyzer.
4 Preset the analyzer: Press M ode Preset.
5 Setuptheanayzertoview a PressFREQ Channel, Center
the signals. Freq, 300, MHz.
b. PressBW, 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 Setthe 300 MHz signa
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]Agilenl Spectrum Analyzer - Swept SA
_ [ e ] B ALIGH AUTO
Marker 1 300.000500000 MHz Avg Type: Log-Pwr

Input: RF PNO: >30k L, | 17d: Free Run
IFGain:Low & Atten: 6 dB

Ref -10.02 dBm

Center 300.0000 MHz
VBW 30 kHz

STATUS

Span 500.0 kHz
Sweep 1.00 ms (1001 pts)

Mkr—CF Step

Mkr—Stop

7 Change the RBW. Press BW, ResBW, 10, kHz.

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

8 Place adeltamarker on the
smaller signal.

Press Peak Search, Marker Delta,
50, 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
2-10.

34



Step

Action

Measuring Multiple Signals
Resolving Small Signals Hidden by Large Signals

Notes

Figure 2-10 Unresolved Signals of Equal Amplitude

] Agilent Spectrum Analyzer - Swept S
| I =R N
Video BW 10 kHz

Ref 0.00 dBm

Center 300.000 MHz

ALIGN AUTO

Avg Type: Log-Pwr
PNO: »30k (y, 11i9:Free Run
IFGain:Low & Atten: 10 dB

#VBW 10 kHz

RBW Control
[Gaussian,-3 dB]

Span 2.000 MHz
Sweep 1.60 ms (1001 pts)

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 Agllent Spectrum Analyzer - Swept SA (Prototype Instrument - Mot for Sale) E|ﬁ]m

LY Li S08 ANINT REF it OFF 121504 B Jul 11, 2007 T

Average/Hold Number 10 ) : Log 9

Input: RF PNO: >3llk Lyt 1719:Free Run TYFE
IF Gasin: Lo Atten: 8 dB

Themes
3D Color

Ref -11.77 dBm

Center 300.0000 MHz Span 500.0 kHz
#Res BW 10 kHz VEW 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 M eas 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. Thisisafast 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 M ode Preset.

3 Enabletheinterna
50 MHz amplitude

Press Input/Output, RF
Calibrator, 50 MHz.

reference signal.
4 Set the start and stop a. PressFREQ Channel, Sart Freq,
frequencies. 20, MHz.
b. Press FREQ Channel, Stop Freq,
1, GHz.
5 Turnonthesigna Press Span X Scale, Signal Track  This places a marker at the
tracking function. (Span Zoom) (On). peak,. moves the signal to the

center of the screen. and
initiates Signal Track.

See Figure 2-12.

Figure 2-12

. Agilent Spectrum Analyzer - Swept SA

Signal Tracking on Before Span Decrease

Input: Hel  FHO: Fast () 111g: Free Run
SIG TRK  IFGain:Low  Atten: 10 dB

Ref 0.00 dBm

Center 49.4 MHz
Res BW 2.4 MHz

Span 258.8 MHz |[+1]
Sweep 1.00 ms (1001 pts)

STATUS ! AC coupled: Accy unspec'd = 10MHz

VEW 2.4 MHz

ALIGNAJT 02:26:23 PM i 31, 2006
Avg Type: Log-Fwr TRACE

FullSpan

LastSpan

Signal Track
(Span Zoom)
Off
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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. Because the signal track
to the reference level. 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.
7 Reduce the span and »  Press SPAN X Scale, Span, 200, If the span change is large
resolution bandwidth. kHz. 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

I Agilent Spectrum Analyzer - Swept SA

O230:19 PM Jul 31, 2006

Span 200.000000 kHz o Avg Type: Log-Pur
Input: Ref  PNO: »30k (e 1719: Free Run
5IG TRE  IFGain:Low & Arten: § dB

Ref -25.05 dBm

Center 50.0000 MHz Span 200.0 kHz |[*Ii]
Res BW 1.8 kHz VBW 1.8 kHz Sweep 74.5 ms (1001 pts)

8 Turn Signal tracking off. «  Press SPAN X Scale, Signal
Track (Off).
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Measuring Multiple Signals
Easily Measure Varying Levels of Modulated Power Compared to a Reference

Easily Measure Varying L evels of M odulated 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 areference 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 measurementsis 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.

SPECTRUM
ANALYZER
SIGNAL GENERATOR P B
‘_/ \—‘ = ':ll:ll:ll:ll:ll:lﬁ
9 = g=gs o § gggﬂggo
oo oo © = 808 5
: Cii=s| | Le=a O
RF Input
Qutput

mxa-pl 792k

2 Setupthesignal sources. a. Setup ad-carier W-CDMA
signal.

b. Set the source frequency to 1.96
GHz.

c. Set the source amplitudeto
-10 dBm.

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

4 Preset the analyzer. = Press Mode Preset.

5 Tuneto W-CDMA signal. - Press FREQ Channel, Auto
Tune, 300, MHz.

6 Settheanayzer reference - Press AMPTD Y Scale, Ref
level. Level, 0,dBm.
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Measuring Multiple Signals
Easily Measure Varying Levels of Modulated Power Compared to a Reference

Step Action Notes

7 Enable trace averaging. Press Trace/Detector, Select
Trace, Trace 1, Trace Average.

8 Enable the Band/Interva «  Press Marker Function, This measures the total power

Power Marker function. Band/Interval Power. of the reference 4-carrier
W-CDMA signal

9 Center the frequency of »  Press Select Marker, Marker 1, This centers the marker on the
the Band/Interval Power 1.96, GHz. 4-carrier reference signal
marker. envelope.

10Adjust thewidth (or span) - Press Marker Function, Band This encompasses the entire
of the Band/Interval Adjust, Band/Interval Span, 20,  4-carrier W-CDMA reference
Power marker. MHz. 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 Measured Power of Reference 4-carrier W-CDMA Signal Using Band/Interval Power
Marker

1 Agilent Spectrum Analyzer - Swept SA Eﬁl&
NGEINT I02:22:37 PM Sap 28, 2006

¥ = ! TRAC Marker Function
£ Avg Type: Pwr(RMS) TRACE
Sand Spen 20.0000 n;.s. o) Trig: Free Run Avg|Hold: > 100100 Y
= 2 >
IFGain:Low Atten: 10 dB

Ref 0.00 dBm

Center 1.95937 GHz
Res BW 510 kHz VBW 51 kHz Sweep 2.27 ms (1001 pts)
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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 «  Press Marker, Select Marker, This will change the reference
Power Marker Marker 1, Delta. Band Power Marker into a fixed

functionality.

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.

12Simulate avarying power - Set the source amplitude to Note the Delta Band Power
level resulting from either -20 dBm.

adjustments, changes to
the reference DUT, or a

Marker value displayed in the
Marker Result Block showing
the 10 dB difference between

different DUT by the modulated power of the
lowering the signal source reference and the changed
power. power level.
See Figure 2-15
Figure 2-15 Delta Band Power Markers Displaying Lower Modulated Power Level Compared to a
Reference

T Agilent Spectrum Analyzer - Swept SA
Qi o | |
Marker 1 A 0.000 Hz

Input: RF PNO: Fast )
IFGain:L:

nnnnn w

Ref 0.00 dBm

Center 1.96005 GHz

{Prototype Instrument - Not for Sale) ==

ANALIGN OFF 11:52:17 AM Jul 11, 2007

Trig: Free Run

" Atten: 10 dB

Res BW 560 kHz VBW 56 kHz

Avg Type: Pwr(RMS) TRA Screen Image
Avg|Hold: >100/100 T
DET 3 MM N
Themes
AMkr1 0 Hz 3D Color

Band Power -10.047 dB

Save As ...

Span 57.29 MHz
Sweep 1.87 ms (1001 pts)

sTATUS €3 Align Now, All required




Measuring Multiple Signals
Easily Measure Varying Levels of Modulated Power Compared to a Reference
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Measuring a Low—Level Signal

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

Reducing I nput Attenuation

The ability to measure alow-level signal islimited by internally generated noisein
the signal analyzer. The measurement setup can be changed in several ways to
improve the analyzer sensitivity.

The input attenuator affects the level of asignal passing through the instrument. If a
signal isvery 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 Setupthesignal 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.

SPECTRUM

ANALYZER
SIGNAL GENERATOR L N

oooo
0oog

ooooo
oooo
Oooooo D000

00000 \
8
B
i
i o
:
i
o
o
o {BHBEBAEY |
a0on
e

RF Input
Qutput
mxa-pl792k
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
span and reference level. Freq, 300, MHz.
b. Press SPAN X Scale, Span, 5,
MHz.
c. PressAMPTD Y Scale, Ref Levdl,
40, —dBm.

6 Movethepeak tothecenter - 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. » PressAMPTD Y Scale, Increasing the attenuation
Attenuation, Mech Atten or Atten  moves the noise floor closer to
(Man), 20, dB. the signal level.

A“#” mark appears next to the
Atten 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

R R e L 1]

Pog Typst Lug P

Sl & 1"‘I Fres S
B g .-HI+ a4

Rt b0 dBm

Cember 100N MHE Span 1.0 -z
Foes BW 9.1 kHz VEW 3.1 kHr Sweezp 14,6 mis (1080 pas)

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,
seethe signal more clearly. Attenuation, M ech 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 Spectrum Analyzer - Swept SA : _ EIE®
out Mech lten 0dB i Tﬁn_m.‘.nu“. B a0 Attenuation
Fosininane #Aen: 0 4B ;
Aker odB
s Auto Man
Ref <40.00 dBm
‘ | Enable
| Elec Atten
‘ on
|
r
Center 300.0000 MHz ' ' ' ' ) ~ Span 1.000 Wiz
Res BW 9.1 kHz VEW 9.1 kHz Sweep 14.6 ms (1001 pts)
CAUTION When you finish this example, increase the attenuation to protect the analyzer RF

input:

PressAMPTD Y Scale, Attenuation, Mech Atten or Atten (Auto), or press
Auto Couple.
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Measuring a Low—Level Signal
Decreasing the Resolution Bandwid th

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 Setupthesignal 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.
SPECTRUM
ANALYZER
SIGNAL GENERATOR L D
‘_/ \_; ——IEIEEEDCI
9 B BeEg © l = %E)EEQQ °
o @ EEDDE o =3 %ug é
3 B8 i | O 988
RF Input
Qutput
mxa-pl792k
3 Sdlect the mode. = Press Mode, Spectrum
Analyzer.
4 Preset the mode. «  Press M ode Preset.
5 Set the center frequency, a. PressFREQ Channedl, See Figure 3-3.
span and reference level. Center Freq, 300, MHz.
b. Press SPAN X Scale,
Span, 50, MHz.

c. PressAMPTD 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

 Agilant Spectrum Analyzer - Swapt SA
2 ENSE:INT JEH AT 102:3:4:00 PM 3l 21, 2006
Reference Level -40,00 dBm ) Avg Type: Log-Par '”fF.
Inputz B PNO: Fast Ly 17ig: Frae Run i
IFGaln:Lowld  Atten:6 dB 241 RefLevel
-40.00 dBm

Ref 40.00 dBm

——

bt

it

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

) Agilent Spectrum Analyzer - Swept SA EE®
ENiSE 02:34:31 PM X 31, 2006

REW 47 kHz . Avg Type: Log-Pwr
Input: HE PO Fast Gy 11g: Free Run
IFGainilowd  Atten:6 dB

Ref -40.00 dBm

Center 300.00 MHz Span 50.00 MHz

#Res BW 47 kHz VEW 47 kHz Sweep 27.3 ms (1001 pts)

MEG STATUS

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

Measuring a Low—Level Signal
Decreasing the Resolution Bandwid th

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 RBWsfrom 1 Hz to 3 MHz in approximately 10% increments, plus4, 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 upthesignal a. Set the frequency to 300
generator. MHz.
b. Set the amplitudeto
—-80 dBm.

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

SPECTRUM
ANALYZER
SIGNAL GENERATOR L D
‘_/ \_; ——IEIEEEDCI
9 B BeEg © = %E)EEQQ °
g Qo l = ©8gE -
3 B e - o | O 988
RF Input
Qutput
mxa-pl792k
3 Select the mode. «  Press Mode, Spectrum
Analyzer.
4 Preset the mode. - Press Mode Preset.
5 Set the center frequency, a. PressFREQ Channdl,
span and reference level. Center Freq, 300, MHz.
b. PressSPAN X Scale, Span,
5 MHz.

c. PressAMPTD Y Scale,
Ref Level, 40, —dBm.
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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/RM S/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 been set to “A” indicating
that the Average detector has been
selected. See Figure 3-5.

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

8 Changetheaveragetype -+ Press Meas Setup, Note how the noise level drops.

to log averaging. Aver age Type, L og-Pwr
Avg (Video).
Figure 3-5 Varying the sweep time with the average detector

7 Agilent Spectrum Analyzer - Swept SA EFEX

50 Q [ [ ] g ALIGN AUTO 12:53:23 PM 1un 30, 2006

|
Average/Hold Number 100 .
Input: RE PNO: >30k (,.) 111g:Free Run e
IFGain:LowE  Atten: 6 dB Average/Hold

Number
100

Meas Setup

#Avg Type: Log-Pwr

Ref -40.00 dBm

Average Type
Log-Pwr (Video) »
Auto Man

N dB Points
3.01dB
On Off

PhaseNoise Opt|
f>30 kHz»
Auto Man

ADC Dither
(o];] 2
uto Man

More
Center 300.000 MHz Span 5.000 MHz 10f2

VBW 4.7 kHz #Sweep 100 ms (1001 pts) %
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Measuring a Low—Level Signal
Trace Averaging

Trace Averaging

Averaging isadigital processinwhich 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 Thisis atrace processing function and is not the same as using the average detector
(asdescribed on page 50).

Step Action Notes

1 Setupthesignal 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.

SPECTRUM
ANALYZER
SIGNAL GENERATOR L D
‘_/ \_; ——IEIEEEDCI
9 B BeEg © = %ﬁggg °
: R l =|®ges -
3 B8 i 2 Tl
RF Input
Qutput
mxa-pl792k
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
span and reference level. Freq, 300, MHz.
b. Press SPAN X Scale, Span, 5,
MHz.
C. PressAMPTD Y Scale, Ref Level,
40, —dBm.
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Step

Action

Measuring a Low—Level Signal
Trace Averaging

Notes

6 Turn on Averaging.

Press Trace/Detector, Trace
Average.

As the averaging routine
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 M eas Setup, Average/Hold
Number, 25, Enter.

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

Figure 3-6

Trace Averaging

. Agilent Spectrum Analyzer - Swept SA

Reference Level -40.00 dBm
Input: RF PNO: >30k

Avg Type: Log-Pwr
Trig: Free Run Avg|Hold: > 100100

IFGainLowl  Atten: 6 dB

Ref -40.00 dBm

Center 300.000 MHz

Res BW 47 kHz

~ Span 5.000 MHz
Sweep B.67 ms (1001 pts)

VEW 47 kHz

EE®

TracelDet

Select Trace
Trace 1

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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Measuring a Low—Level Signal
Trace Averaging
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4 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 Enabletheinternal »  Press Input/Output, RF

reference signal. Calibrator, 50 MHz
4 Set the center frequency a. PressFREQ Channel, Center

and span. Freq, 50, MHz

b. Press SPAN X Scale, Span, 80,
MHz.

5 Turn the frequency - Press Marker, More, Marker The marker counter remains on

counter on. Count, Counter (On). until turned off.
Figure 4-1 Using Marker Counter

] Agilent Spectrum Analyzer - Swepl SA
ENSEI ALIGN 01:07:54 PM Jun 30, 2006
Marker 1 51.120000000 MHz 3 Avg Type: Log-Pwr e
Input: Ref  PNO: Fast Ly, 1719: Free Run v
IFGain:Low & Arten: 10 dB
Cnt1 50
Ref 0.00 dBm

P s ppo

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.
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o Tracking Drifting Signals
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Tracking Drifting Signals
Measuring a Source Frequency Drift

M easuring a Sour ce 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 amplitudeto
—20dBm
2 Instrument setup. Connect the source RF
OUTPUT to the analyzer RF
INPUT as shown.
SPECTRUM
ANALYZER
SIGNAL GENERATOR P N
‘_/ \_; = =—-|r:||:||:||:|r:|r:|ﬂ
9 B BeEg © l = %E)EEQQ °
o @ EE oo © % %ug é
3 a8 5 o e (O
RF Input
Qutput

mxa-pl792k

3 Set the analyzer to the Press M ode, Spectrum This enables the spectrum analyzer

measurements.

Spectrum Analyzer mode.

Analyzer.

4 Preset the anayzer

Press M ode Preset.

5 Set the analyzer center
frequency, span and
reference level.

a PressFREQ Channel,
Center Freq, 300, MHz.

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

C. PressAMPTD Y Scale, Ref
Level, 10, —dBm.

6 Place amarker on the peak
of the signal.

Press Peak Search.
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Step

Action

Tracking Drifting Signals
Measuring a Source Frequency Drift

Notes

7 Turn onthe signa 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).

10Measure the excursion of
the signal.

Press Trace/Detector, M ax
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, Trace 1 remains in maximum hold
Select Trace, Trace (2). mode to show any drift in the signal.
12 Change the mode to Press Clear Write.

continuous sweeping.

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

01:24:15PM Jun 30, 2006

Span 500.000000 kHz Avg Type: Log-Pwr TRACE
Input: RF PNO: >30k Ly 1719: Free Run Avg|Hold: >100/100

o)
IFGain:Low@  Atten: 6 dB oET

Ref -10.00 dBm

| nl

| — |

{JIUUI'I “'i' It

L 1T J i | i Ll

Center 300.0000 MHz Span 500.0 kHz
Res BW 4.7 kHz VBW 47 kHz Sweep 66.1 ms (1001 pts)
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Tracking Drifting Signals
Tracking a Signal

Tracking a Signal

The signal track function is useful for tracking drifting signalsthat 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 isto 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.

Step Action Notes
1 Set up thesignal sources. a. Set thefrequency 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.

SPECTRUM
ANALYZER
SIGNAL GENERATOR L D
.—/ \—; ':lI:IEEDCI
9 B BeEg © ﬂ = %ﬁggg °
: R =|®ges -
3 B8 i 2 T (O
RF Input
Qutput
mxa-pl 792k
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 Set the analyzer center «  Press FREQ Channdl, Center
frequency, span and Freq, 301, MHz.
reference level. Press SPAN X Scale, Span, 10,

MHz.

6 Placeamarker onthepeak - Press Peak Search.
of the signal.
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Tracking Drifting Signals
Tracking a Signal

Step Action

Notes

7 Turnonthe signa tracking
function.

Press SPAN X Scale, Signal Track

(On).

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 Tunethe frequency of the
signal generator in 100
KHz increments.

Notice that the center
frequency of the analyzer also
changes in 100 kHz
increments, centering the
signal with each increment.

Figure 5-2

_i.lg.lhnl Spectrum Analyzer - Swept SA

Marker 1 A 2.000000000 MHz

Tracking a Drifting Signal

Avg Type: i.cgl-Pwr

Input: RE  PNO: >30k Ly 171g: Free Run
SIG TRK  IFGainiLow®  Atten: 10 dB

Ref 0.00 dBm

Center 301.970 MHz
Res BW 91 kHz

VBW 91 kHz

101:29:04 PM Jun 30, 2006
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6 Making Distortion Measurements
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Making Distortion Measurements
Identifying Analyzer Generated Distortion

| dentifying Analyzer Generated Distortion

High level input signals may cause internal anayzer 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 asignal from asignal generator, determine whether the harmonic distortion
products are generated by the analyzer.

Step Action Notes
1 Setupthesignd a. Set the frequency to 200 MHz.
generator. b. Set the amplitude to O dBm.
2 Connect the source RF
OUTPUT to the
analyzer RF INPUT as
shown.
SPECTRUM
ANALYZER
SIGNAL GENERATOR P D
‘_/ \—‘ —-lzlEEEDCI
8 = g=gs o % %E)EEQQ o
g Qe © l = &gt -
3 B8 i | O BER
RF Input
Qutput

mxa-pl792k

3 Select the mode.

Press M ode, Spectrum Analyzer.

4 Set the analyzer center
frequency, span, and
video bandwidth.

a. PressFREQ Channel, Center
Freq, 400, MHz.

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

c. PressBW, Video BW, 30, kHz.

The signal produces harmonic
distortion products (spaced 200
MHz from the original 200 MHz
signal) in the analyzer input mixer
as shown in the following
graphic. See Figure 6-1
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Making Distortion Measurements
Identifying Analyzer Generated Distortion

Step Action Notes

Figure 6-1 Harmonic Distortion

2\ Agilant Spectrum Analyzar - Swapt SA

S0 & SENSEINT ALIGNATO O4:09.09 PM Ml 31, 20006
Video BW 30 kHz Avg Typa: Log-Puwr TRACF
Input: RF PHO: Fast L, 11g:Fras Run
IF Galn:L o il Atten: 10 4B

Ref 0.00 dBm

[Gaussian,-3 dB]

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

Mss STATUS

5 Changethe center «  Press Peak Search, Next Peak,
frequency to the value Mkr—CF.
of the second harmonic.
6 Changethe spanto 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 Scalg,
0 dB. Attenuation, O, dB.
8 Savethetracedatain - Press Trace/Detector, Select
trace 2. Trace, Trace 2, Clear Write.
9 Allow trace2toupdate. - Press Trace/Detector, Minimum of two sweeps.

View/Blank, View, Trace On.

10Place adeltamarkeron - 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 to 10 dB. Attenuation, 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

Ex Agilent Spectrum Analyzer - Swept SA
| TR N i ALTGNAUTO

Input Mech Atten 10 dB . Avg Type: Log-Pwr
Input: RF PNO: Fast L, 11ig:Free Run
IFGain:LowE  #Atten: 10 dB

Ref -20.00 dBm

1A2

2

fl

‘ |
Mwﬁ--ﬂ*r«_.w,fu,mﬁ.wﬂ\ﬁﬂmmw %mrwmmwAT'*».thM-MMm

Center 400.05 MHz

04:17:58 PM U131, 2006

Span 50.00 MHz
Res BW 470 kHz #VBW 30 kHz Sweep 2.80 ms (1001 pts)

Attenuation

Mech Atten
10dB
Auto Man

[ —
Enable

Elec Atten
on Off

Mech Atten Step
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Making Distortion Measurements
Third-Order Intermodulation Distortion

Third-Order Intermodulation Distortion

Two-tone, third-order intermodul ation distortion is acommon 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 adirectional coupler (used as acombiner) resultsin atwo-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 sourcesto the The coupler should have a high
analyzer RF INPUT as degree of isolation between the
shown. two input ports so the sources

do not intermodulate.
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ANALYZER
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DIRECTIONAL
COUPLER

mxa-pl790hb

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

generator #1 to 300 MHz.

b. Set the frequency of signal This produces a frequency
generator #2 to 300.1 MHz. separation of T MHz.

c. Set signal generator #1 amplitude  Sets the sources equal in
to—5dBm. amplitude as measured by the

d. Set signal generator #2 amplitude ~ 2"2Y78-

to-5dBm.
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Making Distortion Measurements
Third-Order Intermodulation Distortion

Step Action Notes

3 Select the mode.

Press M ode, Spectrum Analyzer.

4 Preset the analyzer.

Press M ode Preset.

5 Set the analyzer center
frequency and span.

a. PressFREQ Channel, Center

Freq, 300.5, MHz.

. Press SPAN X Scale, Span, 5,

MHz

6 Settheanalyzer 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 thesignal to the
reference level.

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

9 Reduce the RBW until the
distortion products are
visible.

Press BW, ResBW, .

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

Press Peak Search, M arker
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 L eft 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, M arker
Delta, Next L eft or Next Right
(as appropriate).

See Figure 6-3.
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Step

Action

Making Distortion Measurements
Third-Order Intermodulation Distortion

Notes

Figure 6-3

ﬂlgilent Spectrum Analyzer - Swept SA
S0 Q

_ I I
Marker 1 A -1.000000000 MHz

PNO: >30k C, 1rig:Free Run
IFGain:Low

Input: RF

Ref -5.86 dBm

Center 300.500 MHz

Measuring the Distortion Product

BB

ALIGN AUTO

Atten: 6 dB

VBW 1.0 kHz

Avg Type: Log-Pwr Peak Search

AMEKr1 -1.000 MHz BeALBealc

-74.45 dB

Next Left

Next Right

Marker Delta

Span 5.000 MHz
Sweep 6.03 s (1001 pts)
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7/ Measuring Noise
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Measuring Noise
Measuring Signal-to-Noise

Measuring Signal-to-Noise

Signal-to-noise is aratio 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

signalsto be demodulated. This measurement is also referred to as carrier-to-noisein

some communication systems.

The signal-to-noise measurement procedure below may be adapted to measure any

signal in asystem if the signal (carrier) isadiscrete tone. If the signal in your system

ismodulated, 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
Spectrum Analyzer
mode.

Press Mode, Spectrum Analyzer.  This enables the spectrum
analyzer measurements.

2 Preset the analyzer.

Press M ode Preset.

3 Enabletheinterna
reference signal.

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

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

Press FREQ Channdl, Center
Freq, 50, MHz.

. Press SPAN X Scale, Span, 1,

MHz.

. PressAMPTD Y Scale, Ref Leve,

-10, dBm.

. PressAMPTD Y Scale,

Attenuation, 40, dB.

5 Place amarker on the
peak of the signal and
place adeltamarker in
the noise.

Press Peak Search, Marker Delta,
200, kHz.

6 Turn on the marker noise
function.

Press Marker Function, Marker This enables you to view the
Noise. signal-to-noise measurement
results.
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Step

Measuring Noise
Measuring Signal-to-Noise

Action Notes

Figure 7-1

Measuring signal-to-noise
I Agilent Spectrum Analyzer - Swept SA =13
} LIGN. 02:57:59 PM Jun 30, 2006
Marker 1 A 200.000000 kHz Avg Type: Pwr{RMS) e Marker Function

Input: Rel  PHO: >30k L, 171g: Free Run
IFGain:| I.WH #Atten: 40 dB

Ref -10.00 dBm

|
|
|
|
I | : |
MW#Wﬂﬂ'r %Iﬁ%#ﬁ'th*hw. qw uuh 1 i Tmﬁﬁ_ﬁ$ﬂ“

} ‘ l Band Adjust»

Cemer 50.0000 MHz ' ' ' ' " Span 1.000 MHz
Res BW 9.1 kHz VBW 910 Hz Sweep 122 ms (1001 pts)

Read the signal-to-noise in dB/Hz, that is with the noise value determined for al 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:

SN = —-70 dB/Hz + 10 x 1og(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 adiscrete signal response, the amplitude reference signal in
this case, there isapotential 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 M arker

This procedure uses the marker function, Marker Noise, to measure noiseinal 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 M ode, Spectrum
Analyzer.

This enables the spectrum analyzer
measurements

2 Preset the analyzer.

Press M ode Preset.

3 Enabletheinterna
reference signal.

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

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

a. PressFREQ Channdl,

Center Freq, 49.98, MHz.

b. Press SPAN X Scale,
Span, 100, kHz.

C. PressAMPTD Y Scale,
Ref Level, —10, dBm.

d. PressAMPTD Y Scale,
Attenuation, M ech 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 band wid th,
add 10 x log(BW) . For example, for noise
power in a 1 kHz bandwidth, dBm

(1 kHz), add 10 x log(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/Controal,
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, ResBW, 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
Measuring Noise Using the Noise Marker

Step Action

Notes

Noise marker

] Agilent Spectrum Analyzer - Swept SA

Figure 7-2

Marker 1 50.000000000 MHz
Input: Ref  PNO: >30k
IFGain:Low

Ref -10.00 dBm

Center 40.98000 MHz
#Res BW 10 kHz

T Trig:Free Run
@ #Atten: 40 dB

e P AT A A - Yt T L

VBW 1.0 kHz

03:08: 18 PM Jun 30, 2006

Avg Type: MRMS} TRACE

Span 100.0 kHz

#Sweep 3.00 s (1001 pts)

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

c. PressMarker.

a PressMkr—, Mkr—CF.

b. Press SPAN X Scale, Zero
Span.

Note that the marker amplitude value is
now correct since all points averaged are
at the same frequency and not 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

.E].I.gfllrll Spectrum Analyzar - Swept 5&

Marker 1 1.50000 s

Input: et PHO: >30k L, 17ig:Free Run

IFGain:Low®  #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

EIE%

Marker Function

104:18:56 PM Awg 01, 2006

TRACE
THFE
DET

Ava Type: Pwi{RMS)

Span 0 Hz
Sweep 3.000 s (1001 pts)

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

Measuring Noise-Like Signals Using Band/I nterval Density Markers

Band/Interval Density Markers |let you measure power over afrequency 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
analysisis 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 This enables the spectrum
Spectrum Analyzer mode. Analyzer. analyzer measurements.
2 Preset the analyzer - Press Mode Preset.
3 Set the center frequency, a. PressFREQ Channedl, Center
span, reference level and Freq, 50, MHz.
attenuation. b. Press SPAN X Scale, Span, 100,
kHz.
C. PressAMPTD Y Scale, Ref
Level, —20, dBm.

d. PressAMPTD Y Scale,
Attenuation, 40, dB.

4 Measure the total noise «  Press Marker Function,

power between the Band/Interval Density.

markers.
5 Set the band span. - Press Band Adjust,

Band/Interval Span, 40, kHz.
6 Set the resolution and a PressBW, ResBW, 1, kHz. Common practice is to set the
. X . . o
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 Enabletheinternal +  Press Input/Output, RF Adds a discrete tone to see the
50 MHz amplitude Calibrator, 50 MHz. effects on the reading. See
reference signal of the Figure 7-4.
analyzer.
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Measuring Noise
Measuring Noise-Like Signals Using Band/Interval Density Markers

Step Action Notes

Figure 7-4 Band/Interval Density Measurement

7] Agllent Spectrum Analyzer - Swept SA 9=
o0 &2 SENSEINT ALIGNATO 031 10:33 PM Jun 30, 2000
Video BW 10 kHz Avg Type: Pr(RMS) TRACE e

Input: el PNO: <20k Ly 1719 Free Run T
IFGainLow@  #Atten: 40 dB - RF Input
5 VIHz tac, 5001
Ref -20.00 dBm and Density -7 e

RF Calibrator
(Prasat= Off)»
50 MHz

External Gain
Preamp Gain®

Center 50.00000 MHz Span 100.0 kHz
#Res BW 1.0 kHz #VBW 10 kHz Sweep 119 ms (1001 pts)

MsG . L Input is intemal 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
Measuring Noise-Like Signals Using Band/Interval Density Markers

Step Action Notes

Figure 7-5 Band/Interval Density Measurement

7 Agilent Spectrum Analyzet - Swepl SA Eﬁﬂl

arker 1 50.009200000 MHz ) Avg Type: Pwr{RMS) Marker Function
nput: Rl PHD: <#ik Ly 1719: Free Run
WFGain:Lowd  #Atten: 40 dB

I Ref -20.00 dBm

Center 50.00000 MHz B - ) ] ~ Span 100.0 kHz
#Res BW 1.0 kHz #VBW 10 kHz Sweep 119 ms (1001 pts)

NOTE Band/Interval Density Markers can be changed to read the total absolute power by pressing
Marker Function, Band/Interval Power.
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Measuring Noise-Like Signals Using the Channel Power M easurement

You may want to measure the total power of anoise-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 amodulated 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 componentsin the
band of interest, you can use the channel power measurement. This example usesthe
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 M ode Preset.
3 Set the center frequency, Press FREQ Channdl, Center
Freq, 50, MHz.

4 Start the channel power
measurement.

Press M eas, Channel Power,

5 Enable the bar graph.

Press View/Display, Bar Graph,

On.

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

7 Optimize the analyzer Press AMPTD, Attenuation, Your display should be similar
attenuation level setting. Adjust Atten for Min Clip. to Figure 7-6.
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Measuring Noise-Like Signals Using the Channel Power Measurement

Step

Action Notes

Figure 7-6

Measuring Channel Power

EEX

Attenuation

.ﬂlgﬂenl Spectrum Analyzer - Channel Power
S50 & AL SENCEIINT ALIGH ALITO 03:21:26 PM Aug 02, 2006

Mech Atten 10 dB CH Freq: 50.000000 MHz Radio Std: Mone

Input: Ref ey Trig: Free Run Avg|Hold==10M0

#IFGain:Lowl  #Atten: 10 dB Mech Atten

10 dB

Ref -20 dBm

Enable
Elec Atten

on Off|
PR

Adjust Atten
for Min Clip

g ) ks Wity ’ Ay ey heA e, e

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 P S

-25.00 dBm/ 2 MHz -88.01 dBm/Hz

STATUS

The power reading is essentialy that of the tone; that is, the total noise power isfar
enough below that of the tone that the noise power contributes very little to the total.

The agorithm 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 M odulated Carrier

Step

Signal-to-noise (or carrier-to-noise) isaratio 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 increasein EVM (error vector magnitude).

With modern complex digital modul ation schemes, measuring the modulated carrier
requires capturing al of its power accurately. This procedure uses the Band Power
Marker with a RM S average detector to correctly measure the carrier's power within
auser adjustable region. A Noise Marker (normalized to a 1 Hz noise power
bandwidth) with an adjustable noise region is aso 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 isto insure
that the Average Type under the Meas Setup key is set to “Auto”.

Inthisexample a4 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 a4 carrier W-CDMA signal.

b. Set the source frequency to 1.96
GHz.

. Set the source amplitudeto —10 dBm.

2 Instrument setup.

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

SPECTRUM
ANALYZER
SIGNAL GENERATOR P N
4_/ \_; (— Sl:ll:!l:ll:ll:lﬁ
9 = g=gs o u § ggggggo
g0 oa © = Ba8 o
§ Cud | L——10M:
RF Input
Qutput
mxa-pl 792k
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.
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Measuring Signal-to-Noise of a Modulated Carrier

Step

Action

Notes

5 Tuneto the W-CDMA
signal.

Press FREQ Channel, Auto Tune.

6 Enable the Band Power
Marker function.

Press Marker Function,
Band/I nterval Power.

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

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

Press Select Marker 1, 1.96, GHz

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

Press Marker Function, Band
Adjust, Band/I nterval Span, 20,
MHz.

This encompasses the entire
4 carrier W-CDMA signal.

Figure 7-7

1] Agllent Spectrum lmlyzer Swept SA

S50 &
Band Span 20 000000000 MHz
Input: RF PNO: Fast

Ref -10.52 dBm

e H{f‘ i

Center 1.96004 GHz
Res BW 510 kHz

IFGain:Low

T AN
B
I \H

; |
|

4 Carrier W-CDMA Signal Power using Band Power Marker

Avg Type: PMRMS) TRACE
Trig: Free Run T¥PE
Atten: 6 dB DET

Mkr1 1.960 00 GHz
Band Power -11.99 dBm

EE®

Band Adjust
Ban dflnnerval

ZDM MHz

Leﬂ
1.960000000 GHz
Band/Interval
Right
1.870000000 GHz

o

Span 54.56 MHz

VBW 51 kHz

STATUS

Sweep 2.13 ms (1001 pts)

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

9 Enable the Noise Marker
using marker 2.

Press Marker Function, Select

Marker, Marker 2, Marker Noise.

This measures the system
noise power.

10Move the Noise Marker 2
to the system noise
frequency of interest.

Press Select Marker 2,1.979, GHz.

This encompasses the
desired noise power.

11 Adjust the width of the
noise marker region.

Press Marker Function, Select
Marker, Marker 2, Band Adjust,
Band/Interval, 5, MHz.

See Figure 7-8.
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Measuring Signal-to-Noise of a Modulated Carrier

Step Action Notes

Figure 7-8 Noise Marker Measuring System Noise

7 Agilent Specirum Analyzer - Swep! SA
04:06:25PM Sep 21, 2006

Marker 2 1.979000000000 GHz Avg Typs: PuT(RMS) i
Input: RF PNO: Fast L, 1rig:Free Run TYPE
IFGain:Low Atten: 6 dB

Ref -10.52 dBm

. H'l W*F I[ \'ﬁ Al .

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.

12Measurecarrier-to-noiseby - Press Marker, Properties, Select See Figure 7-9.
making the Noise Marker Marker, Marker 2, Relativeto,
relative to the carrier's Marker 1.

Band Power Marker.

85



Measuring Noise
Measuring Signal-to-Noise of a Modulated Carrier

Step Action

Notes

Figure 7-9 Signal-to-noise measurement

] Agitant Spectrum Analyzar - Swapt SA

Marker 2 A 19.000000000 MHz Avg Typa: Pwr(RMS) TRICE
Input: RE PHO: Fast ) 17ig: Fras Run TYRE
IF Galn:Lowe Attan: 6 dB oeT

_ .00 MHz
Ref -10.52 dBm \ 87 dB/Hz

EE®

Properties

104:20.00 PM Sep 21, 2006

Select Mﬂ'ker

Relative To.

X Axis
Frequencyk
Man

Marker Trace
[Trace1, Auto Init]

Lines

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

STATUS

13Simultaneously measure a. PressMarker Function, Select
carrier-to-noise on asecond Marker, Marker 3, Marker Noise.
region of the system by b. Press Select Marker 3, 1.941, GHz.
enabling another Noise
Marker. C. PressReturn, Band Adjust,

Band/Interval, 5, MHz.

d. PressMarker, Properties, Select
Marker, Marker 3, Relativeto,
Marker 1.

Up to 11 are available.

14Enable the Marker Table. « PressMarker,Morelof 2, Marker
Table, On.

This enables you to view
results of both
carrier-to-noise
measurements and all other
markers. See Figure /-10.
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Measuring Signal-to-Noise of a Modulated Carrier

Step Action Notes

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

=l hgilant Spactrum Analyzar - Swapt SA

& AC ] 03:30:12 PM S 22, 2006
Marker 3 A -19.000000000 MHz . Avg Type: Pwr(RMS) TRACL

Input: RF PHO: Fast g0 178 Free Run
IFGain:l me Atten: B dB

Ref -10.76 dBm

MER MODE TRC

SCL
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I mproving Phase Noise M easurements 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 alows
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.

. Set the source amplitude to —30 dBm.

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

SPECTRUM

ANALYZER
SIGNAL GENERATOR L N

{

00000 \

8 m

00000000

BORE: o0

0 0 oood
000 )

n | ——

i

o

o

o

o |88BABEE

Q@

popoo 0000

oooo  OOOO

Oooooo E%E
oo+ 0

F Input
Qutput
mxa-pl 792k
3 Set the analyzer to the +  Press M ode, 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.
okl adjustthespanand ) by o gpan, Span, 200, kHz,
c. PressBW, ResBW, 910, Hz.

6 Measureand storetheDUT a. Press Trace/Detector, Select Trace,  Allow time for sufficient
phase noise plus the Trace 1, Trace Aver age averaging before initiating

analyzer noise. After sufficient averaging: action b.

b. Press View/Blank, View See Figure /-11.
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Improving Phase Noise Measurements by Subtracting Signal Analyzer Noise

Step Action Notes

Figure 7-11 Measurement of DUT and Analyzer Noise

" Agilent Spectrum Analyzer - Swept SA

L7 HSE EX 1 (02:08:00 PM X 12, 2007
RBW 910 Hz Avg Type: Log-Pwr TRACE
Input: HE  PNO: >30k L, 17ig: Free Run
IFGain:Low Atten: 6 dB

Ref -21.85 dBm

Center 1.9509998 GHz ' ' ' ~ Span 200.0 kHz
#Res BW 910 Hz VBW 910 Hz Sweep 921 ms (1001 pts)

STATUS

7 Measureonly theanalyzer  a Turn off or removethe 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 averaging.

Average. See Figure 7-12.
c. Press View/Blank, View.
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Improving Phase Noise Measurements by Subtracting Signal Analyzer Noise

Step Action Notes

Figure 7-12 Measurement of Analyzer Noise

1 Agilent Spectrum Analyzer - Swept SA Eﬁl
] LT 2 iy NSE EXT N ALIT 02:09:46 PM Ml 12, 2007
RBW 910 Hz Avg Type: Log-Pur TRACE Trace/Det
s . Trig: Free Run TYPE
Input: RF PHO: =30k g}
v IFGain:Low ™ Atten: 6 dB cer

Ref -21.85 dBm

Trace Average

Center 1.9599998 GHz & : # g " Span200.0 kHz
#Res BW 910 Hz VBW 910 Hz Sweep 921 ms (1001 pts)

8 Subtract the noisefromthe a Press Trace/Detector, Select Trace,  Notice the phase noise
DUT phase noise Trace 3, Clear Write. improvement at 100 kHz

measurement using the offset between trace 1

. ; b. PressMore, More, Math, Power
Power Diff math function. Diff, Trace Operands, Operand 1, (yellow trace) and trace 3
(magenta trace).

Trace 1, Operand 2, Trace 2.
See Figure 7-13.
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Improving Phase Noise Measurements by Subtracting Signal Analyzer Noise

Step Action

Notes

Figure 7-13 Improved Phase Noise Measurement

1 Agilent Spectrim Analyzer - Swapt SA
g L1 50 2

Avg Type: Log-Pwr

Input: iF PNO: >30k Ly ) 179 Fras Run
IFGaln:Low Arten: & dB

Mkr1 1.
v Ref -21.85 dBm

VBW 910 Hz

56 STATUS

EEX

Operands
Operand 1 .

Tracei

Operand 2.
Trace2

9 Measure the noise a PressMarker, Select Marker,
measurement improvement Marker 1, Normal.
with delta Noise markers b. Press Properties, Select Marker,

between traces. Marker 1, Marker Trace, Trace 1.

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. PressRelative To, Marker 1.

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

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

i. PressSelect Marker, Marker 2,
Marker Noise.

Note the up to 6 dB
improvement in the Marker
Results Block. See Figure
7-14.
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Step Action Notes

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

7 Agilent Spectrum Analyzer - Swept SA f—:llﬁl!]
e LT ! ENSEEX LISN 02:14:39 PM 2l 12, 2007
Marker 2 A -400.000 Hz Avg Type: Pwr{RMS) TRACE Marker Function
Input: RF  PNO: >30k Ly ' Trig: Free Run TYPE
IFGain:Low Atten: 6 dB

Ref -21.85 dBm

Center 1.9599998 GHz ] = R Span 200.0 kHz
#Res BW 910 Hz VEW 910 Hz Sweep 376 ms (1001 pts)
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Making Time-Gated Measurements

8 Making Time-Gated 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-modul ated,
pulsed-RF signal. The goal isto eliminate the pul se spectrum and then view the
spectrum of the FM carrier asif it were continually on, rather than pulsed. This
reveals low-level modulation components that are hidden by the pul se 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
Keysight 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

Sep 1. Set up the pulse signal with a period of 5 ms and awidth 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 inthe 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 4ms

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 5ms

LF Out Width (pulse 4ms
width)

LF Out Amplitude 25Vp
LF Out On

RF On/Off Off

Mod On/Off On
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Generating a Pulsed-RF FM Signal

Sep 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 instep 1 is
connected to the EXT 2 INPUT (on the front of ESG #1). The ESG RF OUTPUT 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 Keysight 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
Analyzer mode and
Preset.

Press Mode, Spectrum Analyzer,
M ode Preset.

2 Set the analyzer
center frequency,
gpan and reference
level.

a. PressFREQ Channel, Center
Freq, 40, MHz.

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

c. PressAMPTD Y Scale, Ref Level,
10, dBm.

3 Set the analyzer
bandwidth.

Press BW, Res BW (Man), 100,
kHz.
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Generating a Pulsed-RF FM Si

Step

gnal

Action

Notes

4 Set the gate sourceto
the rear external
trigger input.

Press Sweep/Control, Gate, More,

Gate Source, External 1.

5 Enable Gate View
and Gate.

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

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

6 Setthegatedelay and
gatelength so that the
gate will open during

a. Press Sweep/Control, Gate, Gate
Delay, 1.33, ms.

b. Press Gate L ength, 1.33, ms.

See Figure 8-1below.

For this example, this would result
in a Gate Delay of approximately

the middle third of
the pulse. c. PressMore, Control (Edge). ;bi?;or;ismaar]tgl; ?Ztg rl;]esngth of
Also, check that the gate trigger is
set to edge.
Figure 8-1 Gated RF Signal

I Agilent Spectrum Analyzer - Swept SA

Gate Length ) 1.330 ms

Input: R PNO: >30k L, 17ig: Free Run

IFGain:Low — Atten: 20 dB

v Ref 10.00 dBm

Center 40.000000 MH
Res BW 100 kHz

Z

Gate View Sweep Time 10.00 ms

STATUS

Avg Type: LagAPwr

[Prototype Instrument - Not for Sale)
LIGh DL:02:44 PM Ausg 13, 2007

TRACE
TYPE

Gate Delay
1330 ms

Gate Length
1.330 ms

Span 0 Hz
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Step Action Notes

7 Setthe RBWtoauto, a. Press Sweep/Control, Gate, Gate
gate view to off, gate View (Off).

method to LO, and b. PressBW, Res BW (Auto).

gateto on.
c. Press Sweep/Control, Gate, Gate
Method, L O.
d. Press Gate (On).
Figure 8-2 Gated RF Signal with Auto RBW

Tl Agilent Spectrum Analyzer - Swept SA {Prototype Instrument - Mot for Sale)
- — SENSE!INT 01:02:44 PM A 13, 2007
Gate Length 1.330 ms : Avg Type: Log-Pwr TRACE
Input: RF PNO: >30k Ly 1119:Free Run TyPE
IFGain:Low Atten: 20 dB oET

li Ref 10.00 dBm

Gate Delay
1330 ms

Gate Length

I

Center 40.000000 MHz
Res BW 100 kHz Gate View Sweep Time 10.00 ms

STATUS

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 Keysight 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,

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

Figure 8-3

Keysight 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 TRIGGER 2 OUT
connector. Adjust channel 2 settings as needed when gate
is active.

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

Channel 4 OFF

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

Viewing the Gate Timing with an Oscilloscope

File  Control

G =E]

Setup  Measure  Analyze

Utilities ~ Help 12:35 PM

S NP S — 'l_

1.00 ms/div ﬂ:' _ q| .| p| 120w

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 gateis
on in the spectrum analyzer).

3. Channel 3 (purple) - the RF output of the signal generator.
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Connecting the Instrumentsto Make Time-Gated M easurements

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 isalso
used asthetrigger 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 al 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 - B
S - >

Do00 o

““oocce

Enuﬂo Outpu[ cooooooo
0 0 o

© QDb O g0D

C"'JJ I Ch3
BNC TEE Ch 2
SIGNAL
TRIGGER 1| ANALYZER |TRIGGER 2
IN —, 0uT

EXT 2 INPUT

o 000000 o000

Output Pulsed Yy,
FM Signal sl

mxa-gate-selun-o0'scone

Instrument Connection Diagram without Oscilloscope
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SIGNAL GENERATOR #2 Rl N
P LE N | Coooog
o =9 goog O LF ggééég o
S € i af
S g@ BEFD oqpoutput (EDget =
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BNC TEE
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000 OO0 O

Pulsed FM Signall

J

Output
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Gated LO Measurement

Gated L O M easurement

This procedure utilizes gated L O to gate the FM signal. For concept and theory
information about gated L O see “How time gating works” on page 199.

Step Action Notes

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

2 Preset the analyzer. Press M ode Preset.

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

a. PressFREQ Channdl,
Center Freq, 40, MHz.

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

c. PressAMPTD Y Scale,
Ref Level, 10, dBm.

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

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

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

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

b. Press Gate Length, 1,
ms.

. Press Gate View Sweep
Time, 5, ms.

d. PressMorel of 2,
Control (Edge).

6 Accessthe analyzer gate
view display.

Press Sweep/Contral,
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).
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Step Action Notes

Figure 8-6 Viewing the Gate Settings with Gated LO

T Agilent Spectrum Analyzer - Swept SA (Prototype Instrument - Not for Sale)
S0
Gate Delay 2.000 ms

Input: RE PNO: <20k L, 17i9:FreeRun
IFGain:Low Atten: 20 dB

Gate

Ref 10.00 dBm

Gate View

Gate View
Sweep Time
5.000 ms

Gate Delay
2.000 ms

Gate Length
1.000 ms

Gate Method ~
LO

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/Contral, 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)
- F - : ALIGNAUTO
Gate Delay 2.000 ms Avg Type: Log-Pwr

Input: RF

Trig: Free Run
Atten: 20 dB

PNO: >30k ()
IFGain:Low

Ref 10.00 dBm

Gate View
Off

Gate View
Sweep Time
5.000 ms

Gate Delay
2.000 ms

Gate Length
1.000 ms

Gate Methodb

Span 500.0 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 Enablethe gatesettings. - 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 - Not for Sale)
Qi S0l [ ALIGN AUTO
Gate Delay 2.000 ms Avg Type: Log-Pwr

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

Gate

Ref 10.00 dBm

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, Pulseso 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.

103



Making Time-Gated Measurements

Gated Video Measurement

Gated Video M easurement

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 199.

Step

Action

Notes

1 Setthe analyzer to
the Spectrum
Analyzer mode.

Press M ode, Spectrum
Analyzer.

This enables the spectrum analyzer
measurements.

2 Preset the analyzer

Press M ode Preset.

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

Press FREQ Channdl,
Center Freq, 40, MHz.

. Press SPAN X Scale,

Span, 500, kHz.

. PressAMPTD Y

Scale, Ref Level, 10,
dBm.

4 Set analyzer pointsto
401 and sweep time
to 2000 ms.

Press Sweep/Control,
Points, 401, Enter.

c. Press Sweep Time,

2000, ms.

For gated video, the calculated sweep time should
be set to at least

(# sweep points— 1) x PRI (pulse repetition interval ) to
ensure that the gate is on at least once during each
of the 401 sweep points. In this example, the PRI is
5 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.

NOTE

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 bandwid th 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 SettheGate sourceto
the external trigger
input on the rear
panel:

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

Making Time-Gated Measurements
Gated Video Measurement

Notes

Figure 8-9

2 Agilent Spectrum Analyzer - Swept SA

I =TT N
Sweep Time 2.00s
Input: RF

Viewing a Pulsed RF FM Signal (without gating)

EEE

(Prototype Instrument - Not for Sale).
AALIGNPARTIAL

PNO: >30k () 17ig:FreeRun
IFGain:Low Atten: 10 dB

Ref 0.00 dBm

Center 40.0000 MHz

VEW 4.7 kHz

Avg Type: Log-Pwr

Control/lSweep

Sweep Time
200s

Sweep Setup»

Gate
[Off,LO]

Points
Span 500.0 kHz 401
#Sweep 2.00 s (401 pts)

sTATUS 3 Align Now, All required

6 Setthegatedelay and
gate length.

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

b. PressMore, Gate
Delay, 2, ms.

c. Press Gate Length, 1,
ms.

Ensure that the gate control is set to Edge.

7 Turn the gate on.

a. Press Sweep/Contral,
Gate, Gate Method,
Video.

b. Press Gate (On).
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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

a1 Agilent Spectrum Analyzer - Swept SA (Prototype Instrument - Not for Sale).
S e | I 1 ALIGN AUTD 11:16:30AM Aug 13, 2007

|
Gate Length 1.000 ms Avg Type: Log-Pwr

Gate: Vid  Input: R PNO: »>30k L, T119:Free Run
IFGain:Low Atten: 20 dB

Gate
Off|
Ref 10.00 dBm

Gate View,
off

Gate View
Sweep Time
7.520 ms

Gate Delay
2,000 ms

Center 40,0000 MHz Span 500.0 kHz
Res BW 4.7 kHz VBW 4.7 kHz #Sweep 2.00 s (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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Gated Video Measurement

Step Action Notes

Figure 8-11 The Oscilloscope Display

File  Contral  Setup  Measure  Analyze  Lhilities Help 1236 Phd
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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 199.

Step Action Notes

1 Set the analyzer to the Press M ode, Spectrum This enables the spectrum analyzer
Spectrum Analyzer mode. Analyzer. measurements.
Preset the analyzer Press M ode Preset.
Set the center frequency, a. Press FREQ Channedl,

span, reference level and
attenuation.

Center Freq, 40, MHz.

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

C. PressAMPTD Y Scale,
Ref Level, 10, dBm.

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

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

Set the gate method and turn
gate on.

a. Press Sweep/Control,
Gate, Gate Method,
FFT.

b. Press Gate (On).

Select the minimum
resol ution bandwidth
required.

Press BW, ResBW
(Auto).

See Figure 8-12.
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Making Time-Gated Measurements
Gated FFT Measurement

Figure 8-12 Viewing the Gated FFT Measurement results

T Agilent Spectrum Analyzer - Swept SA
EEme—

- EmEEm
RBW 4.7 kHz . Avg Type: Log-Pwr
Gate: FFT  Input: RF PNO: >30k 5 Trig: Free Run
IFGain:Auto Atten: 20 dB

Ref 10.00 dBm

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.
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Measuring Digital Communications Signals

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 M easurements

This section explains how to make a channel power measurement on aW-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 aswell asin total power (dB) and power spectral density (dBm/Hz).

Step Action Notes
1 Setupthesigna a. Set the mode to W-CDMA.
generator. b. Set the frequency to 1.920
GHz.
. Set the amplitude to
—20 dBm.
2 Connect the source RF
OUTPUT tothe
analyzer RF INPUT as
shown.
SPECTRUM
ANALYZER
SIGNAL GENERATOR L D
‘_/ \_; ——IEIEEEDCI
9 = ga88g 0 = %E)EEQQ 0
g Qe © = &gt -
3 a8 5 o T (O
RF Input
Qutput
mxa-pl792k
3 Select the mode. Press M ode, Spectrum
Analyzer.
4 Preset the analyzer. Press M ode Preset.

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

Press M ode Setup, Radio
d, 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 M eas, Channel Power.

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

page 113.
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Step Action

Measuring Digital Communications Signals
Channel Power Measurements

Notes

Figure 9-1 Channel Power Measurement Result.

"l Agilen Spectrum Analyzer - Chanpel Power
T .

- i - e o
Center Fre 1.9200 GHz - Tria:'F.r:n Rmu“ nv:lHalde
HIFGain:Lowl  FAtten: 10 dB

Rel -10 dBm

iCenter 1.92 GHz
HRes BW 240 kHz VEW 2.4 MHz

- EE

YT A e Freq! Channal

Span 7.5 MHz
Sweep 1ms

Channel Power Power Spectral Density

-20.67 dBm/ 5 MHz -87.66 dEm/Hz

8TATUS ! 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 M eas Setup.
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Occupied Bandwidth M easurements

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 Setupthesigna generator. a. Set the mode to
W-CDMA.

b. Set the frequency to 1.920
GHz.

c. Set the amplitude to
—20 dBm.

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

SPECTRUM
ANALYZER

SIGNAL GENERATOR -

4_/ \_; — (=] =]=]=]=]=]
: ToE =,
: R =|®ges -
3 B e - o | @ 468
RF Input
Qutput
mxa-pl792k
3 Select the mode. »  Press Mode, Spectrum
Analyzer.
4 Preset the analyzer. +  Press Mode Preset.
5 Settheradiostandardand - Press Mode Setup, Radio
toggle the deviceto mobile Sd, 3GPP W-CDMA,
station. 3GPP W-CDMA, Device
(MS).
6 Set the center frequency. «  Press FREQ Channel,
1.920, GHz.
7 Initiate the occupied - Press Meas, Occupied The Occupied BW measurement result
bandwidth measurement. BW. should look like “Occupied BW

Measurement Result” on page 115.
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Measuring Digital Communications Signals
Occupied Bandwidth Measurements

Notes

Figure 9-2 Occupied BW Measurement Result

"] Agitent Spectrum Analyzer - Decupied DW
x .

CH Fray: 1920000000 GHz
oy Trig:Fras Run
HIFGainLowld  SAtten: 10 dB

Center Freq 1.920000000 GHz
F

Input H

Rel -10 dBm

A e e A e T

Center 1.92 GHz
HRes BW 30 kHz

VEBW 300 kHz

Occupied Bandwidth
4.1423 MHz

-6.3798 kHz

4.620 MHz*

Total Power

Transmit Freq Error
¥ dB Bandwidth

Occ BW % Pwr
x dB

EE®

Freg I Channel

Avg|Holdz 1001

Span 10 MHz
Sweep 3247 ms|

-10.66 dBm

99.00 %
-26.00 dB

BTATUS

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) M easurements

The adjacent channel power (ACP) measurement is also referred to as the adjacent
channel power ratio (ACPR) and adjacent channel leakageratio (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 upthesigna a. Set the mode to W-CDMA.
generator. b. Set the frequency to 1.920
GHz.
. Set the amplitude to
-10 dBm.
2 Connect the source RF
OUTPUT to the analyzer
RF INPUT as shown.
SPECTRUM
ANALYZER
SIGNAL GENERATOR L D
‘_/ \_; ——IEIEEEDCI
9 B BeEg © = %E)EEQQ °
g Qe © = &gt -
3 B8 i 2 T (O
RF Input
Qutput

mxa-pl792k

3 Select the mode. Press M ode, Spectrum

Analyzer.

4 Preset the analyzer. Press M ode Preset.

5 Set the anayzer radio
mode to W-CDMA asa
base station device.

a. Press Mode Setup, Radio
Sd, 3GPP W-CDMA,
3GPP W-CDMA,

b. Press M ode Setup, Radio
Sd Setup, Device (BTYS).
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Step

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 M eas, 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 To increase dynamic
range, Noise Correction
can be used to factor out
the added power of the
noise floor effects.

Press M eas 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

~1Agilent Spectrum Analyzer - ACP

N ) G NGE:NT JHA. 130004 PM Ay 03, 2005
Mech Atten 10 dB Center Freq: 1.960000000 GH2 Radio Std: W-COMA
: 1 e Trig:Free Run AvglHeld: 100
IFGaind ow #Atten: 10 48 Radio Device: BTS

Ref 10 dBm

Adjust Atten
for Min Clip

#VBW 1 MHz

ACP-1BW RRC Filter : On
Lower Upper
Offset Freq  Integ BW dBec  dBm dBm
| 5.000 MHz 3.840 MHz -6285 -7464
1000 MHz 3B40MHz -B4.14 -7582

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.

10View theresultsusingthe - Press Full Screen. Press the Full Screen key again to
full screen. exit the full screen display without
changing any parameter values.
11 Define anew third pair of  +  Press M eas 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

~lAgilent Spectrum Analyzer - ACP E|@|E

Canter Freq: 1.960000000 GHz
) Trig: Free Run Avg|Hold=>10M0
#Atten: 10 dB Radio Device: BTS

. 03:17:55PM Aug U3, 2000
Radle Std: W-COMA OffsetiLimits

Span 34.68 MH
#Res BW 100 kHz #VBW 1 MHz #Sweep 29 ms

Total Carrier Power -11.710 dBm/ 3.84 MHz ACP-IBW RRC Filter : On
wWer Upper

Carrier Power Offset Freq Integ BW dBm dBc  dBm

[1 -11.71 dBm/ 3.840 MHz 5.000 MHz 3.840 MHz -7466 -63.00 -74.71

10.00 MHz 3.840 MHz -75.81 -6470 -76.41
15.00 MHz 3.840 MHz -76.08 -B455 -768.27

M3G STATUS

12 Set pass/fail limitsfor +  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.
13Turn 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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Step Action Notes

Figure 9-5 Setting Offset Limits

~lAgilent Spectrum Analyzer - ACP E@|E

LIGNAITD 35400 PM AUQUS, 2006

000 GHz Radlo Std: W-CDMA Meas Setup
Input: HF ! Trig:Free Run Avg|Held:> 10110
IF Gain:Low #Atten: 10 dB Radio Device: BTS

Ref 10 dBm

Illeas'l'ype’
Total Pwr Ref

Span 34.68 MH

#Res BW 100 kHz #VBW 1 MHz #Sweep 29 ms

Total Carrier Power -11.810 dBm/ 3.84 MHz ACP-1BW RRC Filter : On

Lower Upper

Carrier Power Offset Freq Integ BW dBc  dBm dBc  dBm

[1 -11.91 dBm/ 3.840 MHz 5000 MHz 3.840 MHz -62.77 -74.68 -63.03 -7494
10.00 MHz 3.840MHz -6423 -76.14 -6457 -764B
15.00 MHz 3.840MHz -B4.068 -7597 -8443 -7634

NOTE You may increase the repeatability by increasing the sweep time.

120



Measuring Digital Communications Signals
Making Statistical Power Measurements (CCDF)

Making Statistical Power M easurements (CCDF)

Complementary cumulative distribution function (CCDF) curves characterize a
signal by providing information about how much timethe signal spendsat or above a
given power level. The CCDF measurement shows the percentage of time asigna
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 signalsin particular, are characterized by high
power peaks that occur infrequently. It isimportant that these peaks are preserved
otherwise separate data channels can not be received properly. Too many peak
signals can also cause spectral regrowth. If aCDMA 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 aW-CDMA
signal broadcasting at 1.96 GHz. (A signal generator is used to simulate a base

station.)
Step Action Notes
1 Setupthesigna a. Setup aW-CDMA downlink
generator. signal.
b. Set the frequency to 1.96
GHz.
c. Set the amplitude to
-10 dBm.
2 Connect the source RF
OUTPUT to the analyzer
RF INPUT as shown.
SPECTRUM
ANALYZER

SIGNAL GENERATOR

mxa-pl792k

3 Select the mode.

Press M ode, Spectrum
Analyzer.

4 Preset the analyzer.

Press M ode Preset.
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Step Action Notes
5 Set the analyzer radio +  Press Mode Setup, Radio
mode to W-CDMA asa Sd, 3GPP W-CDMA,
base station device. 3GPP W-CDMA, Device
(BTS).
6 Set the center frequency. «  Press FREQ Channel, 1.98,
GHz
7 Select the CCDF a. Press Meas, Power Sat
measurement and CCDF.
optimize the attenution 1, pregg P,
€vel and attenuation Attenuation, Adjust Atten
settings suitable for the for Min Cli
CCDF measurement. P-
Figure 9-6 Power Statistics CCDF Measurement on a W-CDMA Signal

71 Agllent Spectrum Analyzer - Power Stat CCDF

Center Freq 1.960000000 GHz Genter Freq: 1.960000000 GHz
Input: RF Trig: Free Run Avg|Hold: 447667
#IFGain:Low #Atten: 10 dB

Average Power 100 o, ZAusslan Reference
/0

-11.42 dBm
41.86 %

6.03 dB
7.14 dB

0.0001 % 0dB
Info BW 5.0000 MHz

STATUS

02:55:45 PM Aug 16, 2006
Radio Std: W-COMA

Radio Device: BTS

8 Storeyour current «  Press Trace/Detector, Sore
measurement trace for Ref Trace
future reference.

When the power stat CCDF
measurement is first made, the
graphical display should show a signal
typical of pure noise. This is labeled
Gaussian, and is shown in aqua. Your
CCDF measurement is displayed as a
yellow plot. You have stored this
measurement plot to make for easy
comparison with subsequent
measurements. Refer to 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.

10Change the measurement = Press BW, Info BW, 1, The stored trace from your last
bandwidth to 1 MHz. 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

] Agilent Spectrum Analyzer - Power Stat CCDF mm
S50 & AC SEMNSE:INT. ALIGH ALITC 02:20:32 PM Aug 16, 2006
Information BW 1.0000 MHz Center Freq; 1.960000000 GHz Radio Std: W-COMA Meas Setup
Input: RF Trig: Free Run Avg[Hold: 1986/2000
HIFGain:Low — BAten: 10 dB Radio Device: BTS

Info BW|
1.0000 MHz

Average Power 100 o, ZAusslan Reference e |
/0

Counts
-16.40 dBm o
32.68 % : ||
Meas Cycles
2,00000E+03

) Meas Interval
10.0 % 434 dB 1% 1.00 ms
10% v

0.1%

0.01% 11.

0.01%

0.001% 12
0.0001 % dB 0.001 %

Peak dB
-4.09 dBm 0.0001
[ o
pAll 0 D dE
Info BW 1.0000 MHz

STATUS

NOTE If you choose a measurement band wid th setting that the analyzer cannot display, it automatically

sets itself to the closest available bandwid th 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 (1kpt). 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

i) Agllent Spectrum Analyzer - Power Stat CCDF

S0 & AL SENCE:INT ALIGH ALITO) 06:00:29 70 Aug 15, 2006
Information BW 1.0000 MHz Center Freq: 1960000000 GHz Radio Std: W-COMA
Input; RF " Trig: Free Run Avg|Hold: 111
HIFGain:Low #Atten: 10 dB Radio Device: BTS

Meas Setup

Info BW
1.0000 MHz

Average Power 100 v, S2USSIan Reference ——
fo

- Counts
-16.08 dBm pou

32.60 % ||
Meas Cycles

450 dB
7.89dB
9.58 dB

—dB

=]
0.0001 % — dB 0.001 %

Peak 10.38 dB
-5.70 dBm

0.0001 % 0dB
Info BW 1.0000 MHz

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.

12Changethe scaling of the - Press SPAN X Scale, Refer to Figure 9-9.
X-axisto 1 dB per Scale/Div, 1, dB.
division to optimize your
particular measurement.
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Step Action Notes

Figure 9-9 Reducing the X Scale to 1 dB

] Agllent Spectrum Analyzer - Power Stat CCOF EIBEX

AL 5 02:26:30 PM Aug 16, 2006

500 e
X Sclale/Div 1.0000 dB Center Freq: Radio Std: W-COMA X Scale
Input: RF Trig: Free Run Avg[Hold: -1

HIFGain:Low #Atten: 10 dB Radio Device: BTS

Average Power

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

0.01%

0.001 %
0.0001 % ] 0.001 %
Peak

0.0001 % 0 dB

Info BW 1.0000 MHz

MsG . L/File <XMA meas guide Fig 9-xx 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
aBluetooth signal.)

Step Action Notes
1 Setupthesignal source.  a. Setup a Bluetooth signal
transmitting DH1 packets.
b. Set the source frequency to
2.402 GHz.
c. Setthe 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.
SPECTRUM
ANALYZER
SIGNAL GENERATOR P N

i -

£ -

LB

(elelale]
o [Bom
£, |
g_-.”;q o o Booo
00O
i |
LR
Q@
popoo 0000
oooo  OOOO
Oooooo E%E
[1]1 BN o]

mxa-pl792k

3 Set the analyzer to the Press M ode, Spectrum
Spectrum Analyzer Analyzer.
mode.

4 Preset the anayzer. Press M ode Preset.

5 Set the analyzer center Press FREQ Channd,

frequency.

Center Freq, 2.402, GHz.

6 Set the analyzer radio
mode to Bluetooth .

Press M ode Setup, Radio
Std, More, Bluetooth,
Bluetooth, DH1.

Check to make sure packet type DH1 is
selected.
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Step Action Notes

7 Select the burst power a. Press Meas Burst Power.
measurement and

L . Press AMPTD,
Ioptlelmlze the attenuation Attenuation, Adjust Atten
evel. for Min Clip.
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

ZAgilent Spectrum Analyzer - Burst Power

2 2] g E2, 2L
Mech Atten 10 dB ar Fraq: 2.4020 GHz Radle 5td: Blustooth
iz HF —  Trig: RF Burst Avg|Hold:>50/60
1FGain:Lmw 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
i #dB ! Rel Amplitude Threshold -3.00 dB
-11.54 dBr Current Data
=t Width
Full Burst : Output Pwr Max Pt Min Pt

Measured Width i P )
—— 5555 -11.54 dBm -11.47 dBm  -121.28 dBm

MEG 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
ZAgilent Spectrum Analyzer - Burst Power r__—]@g
S0 & i SENSE:IN ALIGN ALITO 09:49:17 AM Aug 22, 2006 N
Mech Atten 10 dB Canter Freq: 2.4020 GHz Radie Std: Blustooth Altenuation

iy Trig: RF Burst Avg|Held:>60/60

" atten: 10 dB Radie Device: BTS Mech Atten

10 dB

Enable
Elec Atten
On Dff|

Adjust Atten
for Min Clip

000s 640.00 us
ResBw 3.00 MHz Sweep 640 us (9601 pts
Output Pow: b A 1447 dBm Mech Atten Step
(ive Rel Amplitude Threshold ~ -3.00 dB 2d8 1058
Current Data
Qutput Pwr Max Pt Min Pt
1154dBm  -1147dBm -114.73 dBm

MsG i File <MXA meas guide Fig 9-16 Screen_0003.png> saved STATUS

9 Select one of the +  Press Trigger, RF Burst. For more information on trigger
following three trigger selections see “Trigger Concepts” on
methods to capture the page 194.
bursted signal:

Although the trigger level allows the
Periodic Timer Triggering analyzer to detect the presence of a
burst, the time samples contributing to

Video the burst power measurement are
RF Burst Wideband determined by the threshold level, as
Triggering (RF burst is described next.
recommended, if
available.

10Set therelative threshold - Press M eas Setup, The burst power measurement includes
level above which the Threshold Lvl (Rel), -10, all points above the threshold and no
burst power measurement dB. points below. The threshold level is
is calculated. 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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Making Burst Power Measurements

Step Action Notes
Figure 9-12 Burst Power Measurement Results with Threshold Level Set
ZAgilent Spectrum Analyzer - Burst Power r__—]@g
o0 & L iy GNAUTO D9:50:00 AM Aug 22, 2006
Rel Threshold Lvl -10.00 dB Hz Radlo Std: Blustooth |IECCREE
npul: [} Avg|Hold:»&0/60
\EGain:Low  #Atten: 10 dB Radio Device: BTS Avg/Hold Num
50
Measured Burstk
000s £40.00 us Width
ResBw 3.00 MHz Sweep 640 us (9601 pts
Abs Amplitude Threshaold -21.46 dBm
Amplitude Threshold -10.00 dB
) Current Data
rF1"'|! E”_"‘L‘:':jﬁ,,d;"}' Output Pwr Max Pt Min Pt
r;:;z::d ;::L th -11.55 dBm -1146 dBm -111.03 dBm
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 a
200 us of the burst and blue power bar. Manually setting the
H b. Press Meas Setup, M eas pol y g
enable bar graph. burst width allows you to make it a long

Method, M easured Bur st
Width, Burst Width (Man),

200, s

time interval (to include the rising and
falling edges of the burst) or to make it a
short time interval, measuring a small
central section of the burst. Refer to
Figure 9-13.
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Step Action Notes

Figure 9-13 Bar Graph Results with Measured Burst Width Set

ZAgilent Spectrum Analyzer - Burst Power

50 0 i LIGNAUTO  D9:57:52 AM Aug 22, 2006
BurstWidth 200.0 ps Canter Freq: 2.4020 GHz Radle 5td: Blustooth
Inpul: HF (g Trig: RF Burst Avg|Held:> 5050

1FGain:Lmw #Atten: 10 dB Radie Device: BTS

Measured Burstk
0.00s £40.00 us Width
ResBw 3.00 MHz Sweep 640 us (9601 pts

Burst Width
! -21.45 dBm 200.0 ps
Rel Amplitude Threshold -10.00 dB AutoDet Man
Current Data
Qutput Pwr Max Pt Min Pt
-11.52 dBm -11.45dBm -120.68 dBm

Full Burst Width 3734 us
Measured Width 200.0 us
Measured Pts 3002

STATUS

NOTE If you set the burst width manually to be wider than the screen's display, the vertical white lines
move off the edges of the screen. This could give misleading results as only the data on the screen
can be measured.

The Bluetooth standard states that power measurements should be taken over at least 20% to
80% of the duration of the burst.

12Increasethe sweeptime - Press Sweep/Control, The screen display shows several bursts
to display more than one Sweep Time, 6200, us (or in a single sweep as in Figure 9-14.
burst at atime. 6.2, ms). 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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Step Action Notes
Figure 9-14 Displaying Multiple Bursts
] Agilent Spectruml nalyzer - Burst Power Fhﬁ]m

S50 & AC i 5 12:00: 12 PM Aug 22, 2006
Sweep Time 6.2000 ms Center Freq: 2.40; Radio Std: Bluetooth (WAL UL

3 Hz
Input; RF Trig: RF Burst Avg|Hold=-50/50

IFGain:Low #Atten: 10 dB Radie Device: BTS Swe ep Time
6.2000 ms
Ref 0.00 dBm

0.00% ;
ResBw 3.00 MHz Sweep6ms (93001 pt

IOIutput Power Abs Amplitude Threshold -21.41 dBm
(M ) el Amplitude Threshold -10.00 dB
-11.47 dBm Current Data
et Width  “
Full Burst Width Output Pwr Max Pt Min Pt
Measured Width : us

Measured Pts 3002 -11.47 dBm -11.41 dBm -122.83 dBm

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 M easurements

The following example demonstrates how to make a spurious emissions
measurement on a multitone signal used to simulate a spurious emissionin 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.

b. Set the source frequency to

1.950 GHz.
c. Set the source amplitudes to
—50 dBm.
2 Connect the source RF
OUTPUT to the analyzer
RF INPUT as shown.
SPECTRUM
ANALYZER
SIGNAL GENERATOR L D
.—/ \—; ':lI:IEEDCI
9 = g=gs o u % %ﬂﬂgg o
: R =|®ges -
3 B8 i 2 Tl
RF Input
Qutput
mxa-pl 792k
3 Set the analyzer to the +  Press Mode, Spectrum
Spectrum Analyzer mode. Analyzer.
4 Preset the analyzer. «  Press Mode Preset.
5 Set the analyzer center «  Press FREQ Channdl,
frequency. Center Freq, 1.950, GHz
6 Select the spurious - PressMeas More, Spurious
emissions measurement. Emissions.
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Step Action

Measuring Digital Communications Signals

Spurious Emissions Measurements

Notes

7 Youmay Focusthedisplay
on a specific spurious
emissions signal.

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

b. Press Meas Typeto highlight
Examine

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 Spurious Emission Measurement Result

] Agllent Spectrum Analyzer - Spurious Emissions
Center Freq: 13.266 GHz

Trig: Free Run
#Atten: 10 dB

Spur 1

PASS Input: RF

IFGain:Low

Ref 0 dBm

Fraguency Amplitude

1
1
1
1
1
1
1
1

MEG STATUS

EE®

03:24:20 PM Aug 22, 2006
Radio Std: None Meas Setup

Radio Device: BTS Avg/Hold Num
10

Range Table®

Meas Type
Examine  Full

Spur
1

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

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

1/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 signalsis
crucial to linking amplifier linearity and other performance characteristics to the
stringent system specifications.
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Spectrum Emission Mask M easurements

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 levelsallowed
by the standard. Results of the measurement of each offset segment can be viewed

separately.
Step Action Notes
1 Setupthesignal source.  a. Setup a W-CDMA uplink
signal.
. Set the 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.
SPECTRUM
ANALYZER
SIGNAL GENERATOR L D
‘_/ \—‘ —|=58888
9 B BeEg © = %E)EEQQ °
3 QS l =|®Degs -
3 a8 5 o e (O
RF Input
Qutput

mxa-pl792k

3 Select the mode.

Press M ode, Spectrum
Analyzer.

4 Preset the analyzer.

Press M ode Preset.

5 Set theradio standard
and toggle the device to
mobile station.

Press M ode Setup, Radio
Sd, 3GPP W-CDMA,
3GPP W-CDMA, Device
(MS).

6 Set the center frequency.

Press FREQ Channel,
1.920, GHz.
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Step Action Notes

7 Initiate the spectrum « Press Meas, More, The Spectrum Emission Mask
emission mask Spectrum Emission measurement result should look like
measurement. Mask. 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 Spectrum Emission Mask Measurement Result - (Default) View

1] Agllent Spectrum Analyzer - Spectrum Emission Mask Fllﬁ]m

S0 & AL SENCEIINT ALIGN ALITO 03:36:22 PM Aug 22, 2006
Center Freq 1.920000000 GHz Center Freq: 1,520000000 GHz Radio Std: W-CDMA Freq/ Channel
Input: RF ey Trig: Free Run
\FGainLow — #Atten: 10 dB Radio Device: MS

Ref 10 dBm

CenterFreq
1920000000 GHz

MEG STATUS

Troubleshooting hints

This spectrum emission mask measurement can reveal degraded or defective partsin
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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Power amplifiers are one of the final stage elements of a base or mobile transmitter
and are acritical part of meeting the important power and spectral efficiency
specifications. Since spectrum emission mask measures the spectral response of the
amplifier to acomplex wideband signal, it is a key measurement linking amplifier
linearity and other performance characteristicsto the stringent system specifications.
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10 Demodulating AM Signals
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Measuring the M odulation 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 215 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 acommercial AM broadcast
station. For this demonstration an RF source is used to generate an AM signal.

Step Action Notes
1 Setupthesignd a. Setthe source frequency to
source. 300 MHz.
b. Setthe 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 Keysight
ESG RF signal source
to the analyzer RF
INPUT as shown.
SPECTRUM
ANALYZER
SIGNAL GENERATOR P N
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RF Input
Qutput
mxa-pl792k
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

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

a. Press FREQ Channel,
Center Freq, 300, MHz.

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

c. Press BW, ResBW, 30,
kHz.

d. Press Sweep/Controal,
Sweep Time, 20, ms.

6 Changethey-scale
typeto linear.

Press AMPTD Y Scale, The y-axis units will automatically set to
Scale Type(Lin). volts.

7 Positionthesignal peak
near the first graticule
below the reference
level.

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

8 Settheanalyzerin zero
span to make
time-domain
measurements

a. Press SPAN X Scale, Zero
Span

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

9 Usethevideotrigger 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.

10Measure the AM rate
using delta markers.

Press Peak Search, Use markers and delta markers to measure
Marker Delta, Next Right  the AM rate. Place the marker on a peak
or Next L eft. and then use a delta marker to measure the

time difference between the peaks (this is
the AM rate of the signal)
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Step Action Notes

Measuring Time Parameters

-_- Agilent Spectrum Analyzer - Swept SA mlg
- ENSEEXT IGH A 09:01:05 AM )i 13, 2006
Marker 1 A 1.00000 ms Avg Type: Veltags TRACE Peak Search
Input Hi- PNO: 230k () 17ig: Video VP
IFGalnLowld  Atten: 6 dB

Figure 10-1

Ref 134.7 mV

Marker Delta
[l Mkr—RerLvi

Center 300.000000 MHz Span 0 Hz 1

Res BW 30 kHz VEW 30 kHz Sweep 5.000 ms (1001 pts)

ey 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=1/1.0ms =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

2] Agllent Spectrum Analyzer - Swept SA EER
7 50 i AL SENGEEX ALIGH ALT 0501101 48 1l 13, 2006

Marker 1 A 1.000000 kHz o Tics

\nput; RF Trig: Video TYRE

Atten: 6 dB DET

Properties

SEIectMa'lmr.
AMkr1 1.000 000 kHz
Ref 134.7 mV 1.002 (Vv
HelaﬂveTo.
2

X Axis Scale
Inverse time »

Marker Trace
[Trace1, Auto Init]

Center 300.000000 MHz Span 0 Hz
Res BW 30 kHz VBW 30 kHz Sweep 5.000 ms (1001 pts)

ETATUS 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 M odulation 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 apercent AM value of an

AM signal.
Step Action Notes
1 Setupthesignal source. a. Setthe source frequency to
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 AMon.
2 Connect an Keysight
ESG RF signal sourceto
the analyzer RF INPUT
as shown.
SPECTRUM
ANALYZER
SIGNAL GENERATOR L D
‘_/ \_; ——IEIEEEDCI
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Qutput
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3 Select the mode. - Press Mode, Spectrum
Analyzer.
4 Preset the analyzer. » Press Mode Preset.
5 Setthecenter frequency, a. Press FREQ Channdl,
span, RBW and the Center Freq, 300, MHz
sweep time. b. Press SPAN X Scale, Span,
500, kHz.
¢. Press BW, ResBW, 30,
kHz

d. Press Sweep/Contral,
Sweep Time, 20, ms.
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Step

Demodulating AM Signals
Measuring the Modulation Index of an AM Signal

Action Notes

6 Set they-axisunitsto

volts.

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

Position the signal peak
near the reference level.

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

Change the y-scale type
to linear.

Press AMPTD Y Scale,
Scale Type(Lin).

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

a. Press SPAN X Scale, Zero
Span.

b. Press Sweep/Contral,
Sweep Time, 5, ms

10Placethe analyzer in

free run trigger mode.

Press Trigger, Free Run.

11 Increase the sweep time

and decrease the VBW.

a. Press Sweep/Control, The waveform is displayed as a flat
Sweep Timeg 5, s. horizontal signal.

b. Press BW, Video BW, 30,
Hz.

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 asine
wave.

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

b. Press BW, Video BW, 100,
kHz.

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

13Measure the modul ation

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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Step Action Notes

Figure 10-3 AM Signal Measured in the Time Domain

it peciim hastyrne - S 3 st v Atieer s et 54

Sweep Time 5.000 ms g Type: Vomage
et PR T T Trig:Frae Run
(Fiiainiowll  Aman: 6 48

Sweep Time 5.000 ms g Typa: Voltags
T B T = b
B Gainlwwll _ Actan: 6 dil

Ref 137.9 mV Ref 137.9 mV

Center 300.000000 MHz - Span 0 Hz ||
Res BW 30 kHz #VEW 100 kHz Sweep 5.000 ms (1001 pts)

SIATUS ] Meas Uncal

Center 300.000000 MHz Span 0 Hz
Res BW 30 kHz #VEW 100 kHz Sweep 5.000 ms (1001 pts)

st { Mess Uncal

LEFT: 100% AM Signal (Modulation Index=1)  RIGHT: 80% AM Signal (Modulation Index = 0.8)
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|Q Analyzer Measurement
Capturing Wideband Signals for Further Analysis

Capturing Wideband Signalsfor 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 1Q data. This1Q data
can then be utilized internally or output over LAN, USB or GPIB for use with
external analysistools. 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
in1Q Analyzer (Basic) mode. This|Q Analyzer mode provides basic setup, RF (FFT
based) and 1Q analysis tools

Within the IQ Analyzer mode, basic frequency domain, time domain and I1Q
measurements are available asinitial signal and data verification toolsin 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 |Q waveform of voltage versustimeis provided in the lower window.

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

This section explains how to make a waveform (time domain) measurement on a
W-CDMA signdl. (A signal generator is used to simulate a base station.) The
measurement of | and Q modulated waveformsin the time domain disclose the
voltages which comprise the complex modulated waveform of adigital signal.

Step

Action

Notes

1 Set upthesignal source. a.

Set the mode to W-CDMA
3GPP with 4 carriers.

Set the frequency of the
signal source to 1.0 GHz.

Set the source amplitude to
-10 dBm.

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

SIGNAL GENERATOR -
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3 Select the mode.

Press Mode, | Q Analyzer
(Basic).

4 Preset the analyzer.

Press M ode Preset

5 Set the measurement center
frequency.

Press Freq Channdl, 1,
GHz

6 Set the measurement
gpan/analysis bandwidth.

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

7 Enable the Complex
Spectrum measurement.

Press M eas, Complex
Spectrum.

Refer to the default view in Figure
11-1 or Figure 11-2.
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Complex Spectrum Measurement

Step Action Notes

Figure 11-1 Spectrum and I/Q Waveform (Span 10 MHz)

1] Agllent 10 Analyzer {Basic) - Complex Spectrum Fllﬁ]m

50 & Al S N ALIGN ALITO 11:41:14 AM Aug 30, 2008 M "
Center Freq 1.000000000 GHz CH Freq: 1000000000 GHz easurements
Input: RF gy Trig: Free Run Avg|Held=25125
IFGain:Low Atten: 10 dB (Elec 0) Ext Gain: 0 dB

Ref 0 dBm

IQWaveform

PreFFT BW 25 (00 MHz

STATUS

Figure 11-2

1] Agllent 10 Analyzer {Basic) - Complex Spectrum Fllﬁ]m
50 & A SENSE:IN ALIGNALTO  [11:42:41 AM Aug 30, 2006
Span 25.000 MHz Measurements
. “InpUT: R W o Free Run AvglHold>25125
IFGain:Low Atten: 10 dB (Elec 0) Ext Gain: 0 dB

Ref 0 dBm

IQWaveform

PreFFT BW 25 (00 MHz

Capture Time 7 57252 s

STATUS

NOTE A display with both an FFT derived spectrum in the upper window and an |Q 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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|Q Waveform (Time Domain) M easurement

This section explains how to make a waveform (time domain) measurement on a
W-CDMA signdl. (A signal generator is used to simulate a base station.) The
measurement of | and Q modulated waveformsin the time domain disclose the
voltages which comprise the complex modulated waveform of adigital 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. Setthe source amplitude to

-10 dBm.
2 Connect the source RF
OUTPUT to the analyzer
RF INPUT as shown.
SPECTRUM
ANALYZER
SIGNAL GENERATOR L D
‘_/ \_; ——IEIEEEDCI
9 B BeEg © = %E)EEQQ °
g Qe © = &gt -
3 B8 i | O 988
RF Input
Qutput
mxa-pl 792k
3 Select the mode. +  PressMode, | Q Analyzer
(Basic).
4 Preset the analyzer. +  Press Mode Preset.
5 Set the measurement - Press Freq Channel, 1,
center frequency. GHz
6 Set the measurement «  Press Span X Scale, 10,
span/analysis bandwidth. MHz (25 MHz if option

B25 installed).

7 EnablethelQ Waveform - Press Meas, 1Q
measurement. Wavefor m.

8 View the RF envelope. - Press View/Display, RF
Envelope.
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|Q Analyzer Measurement
|Q Waveform (Time Domain) Measurement

Step Action Notes
9 Settheanaysis «  Press BW, Info BW, 10, This view provides a waveform display of
bandwidth. MHZz (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)

] Agllent 10 Analyzer {Basic) - 10 Waveform
S0 & AC SER INT ALIGH ALITO 11:45:49 AM Aug 30, 2006

Info BW 10.000 MHz CH Freq: 1000000000 GHz
Input: RF Trig: Free Run

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

Ref 10 dBm

0.0000 m= 2.0000 ms
IFEW 10.0000 MHz au @11.11ns

Mean Pwr (Entire Trace)
-12.02 dBm
Pkto-Mean 13.85 dB

MEG STATUS

Figure 11-4 1Q Waveform Measurement - Time domain View (25 MHz BW)

. I 11:40:20 AM AL 30, 2006
CH Freq: 1000000000 GHz
Input: RF gy Trig: Free Run )
IFGain:Low Atten: 10 dB (Elec 0) Ext Gain: 0 dB

Ref 10 dBm

IBW Control
Gaussian
0.0000 m= 2.0000 ms
IFEW 25.0000 MHz SaUSSiE 180001 Samples @11.11ns

Mean Pwr (Entire Trace) Current Data
-11.98 dBm
Pkto-Mean 13.73 dB

MEG STATUS
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Step

Action

IQ Analyzer Measurement
IQ Waveform (Time Domain) Measurement

Notes

10View the 1Q Waveform.

Press View/Display, 1Q
Waveform.

11 Set the time scdle.

Press Span X Scale,

Scale/Div, 100, ns.
12Enable markers. Press Marker, This view provides a display of voltage
Properties, Marker versus time for the | and Q waveforms.
Trace, |Q Waveform, Markers enable measurement of the
500, ns. individual values of | and Q. Refer to
Figure 11-b.
Figure 11-5 1Q Waveform Measurement - with Markers

] Agllent 10 Analyzer (Basie) - 10 Waveform

Marker 1 X 500.0000000 ns
Input: RF
IFGain:Low

IF OW  10.000 MHz Gaussian

CH Freq: 1000000000 GHz

EE®

Properties
Trig: Free Run
Atten: 10 dB (Elec 0) Ext Gain: 0 dB

Select Marker
1

2409242417 Q: 0.01267

Relative To
2r

100001 Samples

STATUS
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|Q Analyzer Measurement
|Q Waveform (Time Domain) Measurement
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12 Using Option BBA Baseband I/Q Inputs
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Using Option BBA Baseband 1/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 IQ Waveform
GMSK Phase & Freq
EDGE EVM

802.16 OFDMA [Q Waveform
Power Stat CCDF

Modulation Analysis

TD-SCDMA |Q Waveform
Power Stat CCDF
Code Domain

Mod Accuracy

Cdma2000 IQ Waveform
Power Stat CCDF
Code Domain
Mod Accuracy
QPSK EVM

|Q Analyzer (Basic) IQ Waveform

Complex Spectrum
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Using Option BBA Baseband I/Q Inputs
Baseband I/Q measurement overview

Baseband |/Q measurement overview

The Baseband 1/Q functionality is a hardware option, Option BBA. If the option is
not installed in the instrument, the 1/Q functionality cannot be enabled.

The Baseband 1/Q option provides four input ports and one Calibration Output port.
Theinput portsare |, I-bar, Q, and Q-bar. The | and |-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

(unbalanced) are in single-ended mode when Differential “Off” is selected.

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

(balanced) softkey menus.

The system supports a variety of input passive probes as well asthe Keysight 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 1/Q Inputs, make the following selections:

Step Notes

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

2 Select the I/Q Path Press Input/Output, 1/Q, I/Q Path.

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

3 Selecttheappropriate  For details see ““Selecting input probes for baseband
circuit location and measurements” on page 223” in the Concepts
probe(s) for chapter.
measurements.

4 Select baseband 1/Q
input connectors.
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Using Option BBA Baseband 1/Q Inputs
Baseband I/Q measurement overview

Step

Notes

5 Set up thel Path (if
required).

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

a. Select whether Differential (Balanced) inputsis On
or Off.

b. Select the input impedance, Input Z.
c. Inputa Skew value in seconds.

d. Setup the | Probe by pressing | 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 I/Q Path to 1+jQ or to Q Only, press
Q Setup.

a. Select whether Differential (Balanced) inputsis On
or Off.

b. Select the input impedance, I nput Z.
c. Inputa Skew value in seconds.

d. 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 thereference
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 Cdlibratethecable(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 Makethedesired
measurement.
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13 Option EXM External Mixing
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Option EXM External Mixing

Using Option EXM with the Keysight 11970 Series Mixers.

Using Option EXM with the Keysight 11970 Series Mixers.

The following examples explain how to, connect the external mixersto the signal
analyzer using a diplexer, choose 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:

IF IMPLITS

1er LD OUTPUT

EmA Cable ’L

IF|diplexer

NEEEE
oooog
ooooo
oooog
0oooo
n|n[nin] |

{Joocooo

O OO oo mo

@II oo |

0 eEEEEEE U
e

O
g
O

Lo
SMA Barrel

Shia Cabile

SIGNAL
SOURCE Agilent 11570 SERIES
HARMOMIC MIXER

2 Set the analyzer to the
Spectrum Analyzer mode

Press M ode, Spectrum Analyzer

3 Preset the analyzer

Press M ode Preset.

4 Select external mixing.

Press I nput/Output, External The default is 11970A
Mixer, External Mixer, External
Mixer Setup

5 TosdectQ, U,V or W
bands

. Press Mixer Presets, Keysight

11970.

. Select the appropriate key

corresponding to 11970 frequency
band.

6 View the spectrum display

Press Return twice.
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Step

Option EXM External Mixing
Using Option EXM with the Keysight 11970 Series Mixers.

Action Notes

7 Tunethe analyzer to the a. Press FREQ Channel.

input signal frequency

b. Enter a center frequency or a start
and stop frequency

8 Turnonthe Signal ID + Press Input Output, External This enables you to identify true

function

Mixing, Signal ID Mode, Image  signals from images and
Suppress, Signal ID On. harmonics.

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

Amplitude calibration

See “Loading conversion loss data for the PXA Signal Analyzer” on page 161.
Thiswill 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
I nput/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 PressCorrection 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.

L oading 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:
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Option EXM External Mixing
Using Option EXM with the Keysight 11970 Series Mixers.

By downloading the 70xxxxxx_X.csv file located on the CD ROM disk that is
provided with your mixer. The 70xxxxxx_X.csv fileistransferred 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 Keysight X-Series
analyzers only". The conversion loss data will need to be manually entered as
frequency and amplitude pairsinto the analyzer corrections file. An example of
calibration datais 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 pairsinto the analyzer correctionsfile.
An example of calibration datais shownin Figure 13-1 on page 167.
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Option EXM External Mixing

Using Option EXM with the Keysight 11970 Series Mixers.

Down loading the conversion loss .csv filesto the analyzer correctionsarray

Action

Notes

1 Install the CD ROM provided
with the mixer, into aPC.

You can view the contents of the CD.

2 Locate the 70xxxxxx_X.csv file.

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

4 |nsert the USB memory stick into
one of the USB ports on the signal
analyzer.

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

5 Press|nput/Output, More,
Corrections, Select Correction.

6 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.

7 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.

8 To delete a correction table, press
Return, assure the Select
Correction key correspondsto 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.

10Press 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 click Open.

The conversion loss data will now load into
the specified corrections array.
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Option EXM External Mixing
Using Option EXM with the Keysight 11970 Series Mixers.

Action Notes

12To view the contents of the
correctionsarray inthe conversion
loss table, press | nput/Output,
More, Corrections, select the
corrections array number, and
press Edit.

13Press 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 | nput/
Output, More, Corrections, Select Correction, select the correction number, press
Properties, Description or Comment.
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Option EXM External Mixing

Using Option EXM with the Keysight 11970 Series Mixers.

Manually entering conversion loss data

Action

Notes

1 Locatethe printed copy of the
conversion loss data that has the
text "For use with Keysight
X-Series analyzersonly".

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, @ and V band
mixers. Print the 70xxxxxx_X.pdf file to
create a printed copy.

2 PressInput/Output, More,
Corrections, Select Correction.

3 Choose a correction 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 To seeif anything is aready
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.

5 To delete a correction table, press
Retur n, assure the Select
Correction key correspondsto 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 X XXxxxxxxX. Press Done.
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Using Option EXM with the Keysight 11970 Series Mixers.

Signal ID

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 isoffset in LO frequency by 2* IF/N. For each
point in each trace, the smaller amplitude from the two tracesis 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 datain thistrace prior to
activating Image Suppress will be lost.

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.

I mage shift

Like the Image Suppress mode, Image Shift is atwo sweep sequence. The datafrom
the first sweep is placed in Trace 1 and the data from the second (L O 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 belost.

To synchronize in Image Shift Mode, turn off Signal 1D and then initiate asingle
sweep. Then turn on Signal ID and initiate two single sweeps. The results of the first
sweep after Signal 1D isturned 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

Option EXM External Mixing

Using Option EXM with the Keysight 11970 Series Mixers.

MODEL: 11970Q SER: MY30033018 DATE: 15 Mar 2011

For use with Agilent X-Series signal analyzers only. See other documents/files

for other spectrum analyzers.

~ n=8&/10 IF =322 5MHz L2 Powser = 16dBm
i ———
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Frequency (GHz)

Freq. (GHz) Conv. Loss (dB) Freq. (GHz) Conv. Loss (dB)
330 230 420 2349
35 233 425 242
Mo 236 430 24 4
K 233 435 243
50 232 440 241
55 224 445 237
30 224 45.0 237
355 221 45.5 234
aran 224 480 23.3
KT 227 485 231
3\a0 224 4r.o 228
3H5 223 475 23.0
340 222 48.0 22.8
345 224 485 231
400 222 45.0 234
400 245 45,5 23.5
405 242 50.0 23.7
410 243
415 244

Print Date: 15-Mar-11

RECOMMENDED CALIBRATION CYCLE: THREE YEARS
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Option EXM External Mixing
Using the M1970 Series Mixers with X-Series Signal Analyzers (Option EXM)

Using the M 1970 Series Mixerswith X-Series Signal Analyzers (Option
EXM)

Operating precautions

WARNING Do not exceed the maximum ratingslisted below or permanent damagetothe
mixer will result.

RF input power

Use the following parameters:

Ccw No greater than 20 dBm

Peak Pulse No greater than 24 dBm at <1 psec

See the gain compression values for each model mixer. Use an appropriate
waveguide attenuator if the output power of the unit under test exceeds the gain
compression value.

L O input power

LO input power is set by the internal signal analyzer LO alignment. However, the
LO input must not exceed 20 dBm.

Always use ahigh quality low loss SMA cable since thiswill allow the longest cable
length, and prevent damage to the mixer SMA female connector.

Electrostatic discharge

When installing the mixer, aways connect the LO/IF SMA cable to the signal
analyzer BEFORE connecting to the mixer. Thiswill minimize the danger of an
electrostatic discharge damaging the mixer diodes.

Connect only one mixer at atime

The automatic LO adjustment and mixer ID process assumes only one mixer is
connected to the analyzer's USB and SMA EXT MIXER connections.

Waveguide protection foam

Do not remove, displace or damage the nonconductive foam installed in the open end
of the waveguide. Thisfoam keeps small objects from entering the waveguide.
Provide mechanical support for the mixer

Assure the mixer body is properly supported so it does not present any stress on the
waveguide connection. Instrument option 301 provides a jackstand that allows a
stable support and height adjustment.
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Using the M1970 Series Mixers with X-Series Signal Analyzers (Option EXM)

Avoiding waveguide flange damage

Install the waveguide flange cap whenever the mixer is not connected to adevice
under test. Thiswill protect the waveguide flange mating surface.

Mixer waveguide connections

Assure the shoulder of the mixer waveguide flange is properly aigned with the
flange of the device under test. To ensure proper mating, it isimportant to tighten all
screws equally. To do this, tighten opposed screws in pairs by a small amount until
all are snug. Final torque must not exceed 7 in pounds.

For additional information regarding use with a particular X-Series anayzer, refer to
that analyzer's User's and Programmer's Reference Guide.

Equipment set up

Step

The following examples explain how to connect the external mixers to the signal
analyzer, and how to use the signal-identification functions.

Action Notes

1 SMA connection

a. Connectan SMA The torque for the SMA cables and adapters should not
cable from the mixer  exceed 8 in-lbs.

to the spectrum The LO/IF connection between the mixer and the signal

analyzer EXT MIXER .

front panel SMA. an_alyzgr must be in place before the USB cable from the
mixer is connected. Connecting the USB cable
automatically triggers the LO adjustment, and if the LO/IF
cable is not connected the adjustment will not complete
and an error will occur.

2 USB connection a. Connecta USB When a connection is made, the green LED on the mixer

cable from the mixer  lights up indicating that the mixer has power and the

to the spectrum processor inside the mixer is running. The spectrum

analyzer. analyzer is automatically switched to external mixing

mode, and the mixer model number and mixer option are
used to set the start and stop frequencies for the mixing

band.
. = c*-' EXT MIXER
o

) B SMA cable( =

@) = fices

D ! L LO/NIF " '

=~ - . -

1) E 2

8 : < USB cable | = . Signal i{1put to

= waveguide
-__: : — connector

=

=D BeeE 2

169



Option EXM External Mixing
Using the M1970 Series Mixers with X-Series Signal Analyzers (Option EXM)

The spectrum analyzer performs an LO alignment using a detector in the mixer to set
the LO Power. During the alignment the yellow Busy LED turns on. Once the
alignment completes, the mixer is ready to make calibrated measurements since the
conversion loss values stored in the mixer are automatically loaded to the signal
analyzer.
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Using the M1970 Series Mixers with X-Series Signal Analyzers (Option EXM)

Operation
Step Action Notes
1 Tunethe analyzer a. Apply a signal to the mixer
input.

b. Press FREQ Channel Multiple responses may appear on
and enter a center screen. Most of these responses are
frequency or a start and images or multiples of the mixing
stop frequency process and not true signals.

Agilent Spectrum Anaslyzer - Swept SA
] AL OFF 03 1007 AM Jun 24, 2011
Start Freq 50.000000000 GHz Avg Type: Log-Pwr THACE
PHO: Fam ~=— Trig: Fres Run L
IFGadin:Low

Ref -1.00 dBm

External Mixer
[USE Mixer]»

Start 50.00 GHz Stop 75.00 GHz

Res BW 3.0 MHz VBW 3.0 MHz Sweep 12.5 ms (1001 p1s)
2 Turnonthesigna a. Press Input/Output, This enables you to identify true
identification function. External Mixer, Signal  signals from images and harmonics.
ID to On, Signal ID Refer to the following graphic.

M ode, Image Suppress.
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Using the M1970 Series Mixers with X-Series Signal Analyzers (Option EXM)

Step Action Notes

Agilent Spectrum Anahyzer - Swopt SA

I ¥ O 1637 AM Jun 24, 3011

EXT REF I ALIGHN
Avg Type: Log-Pwr TRACE SweeplControl
PHO: Fas w178 Fres Run TYFE
IF Gl ow EH’EED Time

Ref -4.00 dBm

Start 50.00 GHz i Stop 75.00 GHz
Res BW 3.0 MHz VBW 3.0 MHz Sweep 14.0 ms (30007 pts)

3 With wide spans, increasing a. Press Sweep/Contral,
the number of sweep points Points, enter the number,
may improve the effectiveness and press Enter.
of image suppressing.

Amplitude calibration

The M 1970 Series mixers automatically download a conversion lossfileto the signal
analyzer, and this conversion loss table is used to correct the measured amplitude. It
isnot possible to view or edit the conversion loss file. The Certificate of Calibration
that is provided with each mixer lists the conversion loss measured at the factory.

L O adjustment

The LO adjustment will run each time the USB connection is made, and if the signal
analyzer Alignments are set to Normal, the LO adjustment will be performed based
on time and temperature rules similar to the other signal analyzer alignments. Both
the mixer and the spectrum analyzer temperature sensors are monitored by the
alignment algorithm. If the Alignment is set to OFF, the LO Alignment will not be
performed based on time and temperature, and it will be necessary for the user to
determine when to perform alignments.

To manually trigger an LO alignment from the front panel, press System,
Alignments, Align Now, External Mixer.
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Using the M1970 Series Mixers with X-Series Signal Analyzers (Option EXM)

Viewing the external mixer setup screen

The mixer setup screen contains information such as mixer serial and model number,
harmonic mixing used, and the status of the mixer connection. When the USB mixer
is connected, the Mixer Preset, Mixer Bias and Edit Harmonic Table keys are grayed
out since these keys do not apply. However, if you unplug the USB cable, the Mixer
Presets key will become functional and the connection status will show USB Mixer

not connected.

To view the setup screen, press | nput /Output, External Mixer, Ext Mix Setup.

Agilent Spectriom Anabyrer - Swept S

A4 1800 CFF 0 1740 e un, 2011
Avg Type: Log-Pur TRALE Ext Mix Setup
THFE

PHO: Fagt —e= 1718: Free Run

IF Garinel ow rET
External Mixer Setup
Mixzer Selection USBE - M1970V-001 V-Band _
Harmonic Table
Harmonic  LO Doubler ~ Min Freq  Max Freq [ |
| -6 ] ©On| 50.00GHz| 7500 GHz|
USE Mixar s

o USE Micerdatectod
Agient M1970V-001 V-Band Mixer MY00000001

ARG STATLIS

173



Option EXM External Mixing
Using the M1970 Series Mixers with X-Series Signal Analyzers (Option EXM)

174



Option Esc External Source Control

14 Option Esc External Source Control
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Option Esc External Source Control
Using Option ESC with the Keysight MXG Signal Sources.

Using Option ESC with the Keysight MXG Signal Sources.

The following examples explain how to connect the MXG signal sourceto the signal
analyzer.

Step Action Notes

1 Set up the equipment »  Connect the signal source to the The X-Series controls the MXG
signal analyzer as shown: via the virtual instrument
software architecture interface
(VISA), which uses a connection
of “Lan” on page 177, GPIB,
or USB.

Trigger 1
out

Trigger inl | Trigger out Trigger 1 in ¢

Freq. ref.

LD L ] ] e e——

i
VISA interface

DuT
2 Set the analyzer to the «  Press M ode, 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
5 TosdectQ, U,V or W a. Press Mixer Presets, Keysight

bands 11970.

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

6 View thespectrumdisplay - Press Return twice.

7 Tunethe analyzer to the a. Press FREQ Channel.

input signal frequency b. Enter a center frequency or a start

and stop frequency
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Using Option ESC with the Keysight MXG Signal Sources.

Step Action Notes
8 Turn onthe Signal ID = Press Input Output, External This enables you to identify true
function Mixing, Signal ID Mode, Image  signals from images and
Suppress, Signal ID On. harmonics.
See “Signal ID” on page 182
for more information.
Lan
The X-Series with Option ESC controls the MXG through a LAN connection based
on TCP/IP protocol. The TCP/IP protocol can only be established with correct IP
addressing.
NOTE You must be logged in as an Administrator to change the TCP/IP properties. This
requires the use of a USB mouse and keyboard.
X-SeriesInstrument
Step Action
1 Log off as default user. -+ Click Start, L og Off, L og Off
2 Log on as an administrator. « Atthe log in prompt enter:
User name: administrator
Password: agilent4u
3 Assign an IP adress and a subnet mask.
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.

L oading conversion loss data for the PXA Signal Analyzer

The conversion loss data supplied with your mixer can be loaded into your signa
analyzer from one of two sources:
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Using Option ESC with the Keysight MXG Signal Sources.

By downloading the 70xxxxxx_X.csv file located on the CD ROM disk that is
provided with your mixer. The 70xxxxxx_X.csv fileistransferred 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 Keysight X-Series
analyzers only". The conversion loss data will need to be manually entered as
frequency and amplitude pairsinto the analyzer corrections file. An example of
calibration datais shown in Figure 14-1 on page 183.

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 pairsinto the analyzer correctionsfile.
An example of calibration datais shownin Figure 14-1 on page 183.
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Down loading the conversion loss .csv filesto the analyzer correctionsarray

Action

Notes

1 Install the CD ROM provided
with the mixer, into aPC.

You can view the contents of the CD.

2 Locate the 70xxxxxx_X.csv file.

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

4 |nsert the USB memory stick into
one of the USB ports on the signal
analyzer.

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

5 Press|nput/Output, More,
Corrections, Select Correction.

6 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.

7 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.

8 To delete a correction table, press
Return, assure the Select
Correction key correspondsto 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.

10Press 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 click Open.

The conversion loss data will now load into
the specified corrections array.
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Action Notes

12To view the contents of the
correctionsarray inthe conversion
loss table, press | nput/Output,
More, Corrections, select the
corrections array number, and
press Edit.

13Press 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 | nput/
Output, More, Corrections, Select Correction, select the correction number, press
Properties, Description or Comment.
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Manually entering conversion loss data

Action

Notes

1 Locatethe printed copy of the
conversion loss data that has the
text "For use with Keysight
X-Series analyzersonly".

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, @ and V band
mixers. Print the 70xxxxxx_X.pdf file to
create a printed copy.

2 PressInput/Output, More,
Corrections, Select Correction.

3 Choose a correction 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 To seeif anything is aready
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.

5 To delete a correction table, press
Retur n, assure the Select
Correction key correspondsto 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 X XXxxxxxxX. Press Done.
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Signal ID

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 isoffset in LO frequency by 2* IF/N. For each
point in each trace, the smaller amplitude from the two tracesis 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 datain thistrace prior to
activating Image Suppress will be lost.

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.

I mage shift

Like the Image Suppress mode, Image Shift is atwo sweep sequence. The datafrom
the first sweep is placed in Trace 1 and the data from the second (L O 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 belost.

To synchronize in Image Shift Mode, turn off Signal 1D and then initiate asingle
sweep. Then turn on Signal ID and initiate two single sweeps. The results of the first
sweep after Signal 1D isturned 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.

182



Figure 14-1

Option Esc External Source Control

Using Option ESC with the Keysight MXG Signal Sources.

MODEL: 11970Q SER: MY30033018 DATE: 15 Mar 2011

For use with Agilent X-Series signal analyzers only. See other documents/files

for other spectrum analyzers.
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Freq. (GHz) Conv. Loss (dB) Freq. (GHz) Conv. Loss (dB)
330 230 420 2349
35 233 425 242
Mo 236 430 24 4
K 233 435 243
50 232 440 241
55 224 445 237
30 224 45.0 237
355 221 45.5 234
aran 224 480 23.3
KT 227 485 231
3\a0 224 4r.o 228
3H5 223 475 23.0
340 222 48.0 22.8
345 224 485 231
400 222 45.0 234
400 245 45,5 23.5
405 242 50.0 23.7
410 243
415 244

Print Date: 15-Mar-11

RECOMMENDED CALIBRATION CYCLE: THREE YEARS
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Using the M 1970 Series Mixerswith X-Series Signal Analyzers (Option
EXM)

Operating precautions

WARNING Do not exceed the maximum ratingslisted below or permanent damagetothe
mixer will result.

RF input power

Use the following parameters:

Ccw No greater than 20 dBm

Peak Pulse No greater than 24 dBm at <1 psec

See the gain compression values for each model mixer. Use an appropriate
waveguide attenuator if the output power of the unit under test exceeds the gain
compression value.

L O input power

LO input power is set by the internal signal analyzer LO alignment. However, the
LO input must not exceed 20 dBm.

Always use ahigh quality low loss SMA cable since thiswill allow the longest cable
length, and prevent damage to the mixer SMA female connector.

Electrostatic discharge

When installing the mixer, aways connect the LO/IF SMA cable to the signal
analyzer BEFORE connecting to the mixer. Thiswill minimize the danger of an
electrostatic discharge damaging the mixer diodes.

Connect only one mixer at atime

The automatic LO adjustment and mixer ID process assumes only one mixer is
connected to the analyzer's USB and SMA EXT MIXER connections.

Waveguide protection foam

Do not remove, displace or damage the nonconductive foam installed in the open end
of the waveguide. Thisfoam keeps small objects from entering the waveguide.
Provide mechanical support for the mixer

Assure the mixer body is properly supported so it does not present any stress on the
waveguide connection. Instrument option 301 provides a jackstand that allows a
stable support and height adjustment.
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Avoiding waveguide flange damage

Install the waveguide flange cap whenever the mixer is not connected to adevice
under test. Thiswill protect the waveguide flange mating surface.

Mixer waveguide connections

Assure the shoulder of the mixer waveguide flange is properly aigned with the
flange of the device under test. To ensure proper mating, it isimportant to tighten all
screws equally. To do this, tighten opposed screws in pairs by a small amount until
all are snug. Final torque must not exceed 7 in pounds.

For additional information regarding use with a particular X-Series anayzer, refer to
that analyzer's User's and Programmer's Reference Guide.

Equipment set up

Step

The following examples explain how to connect the external mixers to the signal
analyzer, and how to use the signal-identification functions.

Action Notes

1 SMA connection

a. Connectan SMA The torque for the SMA cables and adapters should not
cable from the mixer  exceed 8 in-lbs.

to the spectrum The LO/IF connection between the mixer and the signal

analyzer EXT MIXER .

front panel SMA. an_alyzgr must be in place before the USB cable from the
mixer is connected. Connecting the USB cable
automatically triggers the LO adjustment, and if the LO/IF
cable is not connected the adjustment will not complete
and an error will occur.

2 USB connection a. Connecta USB When a connection is made, the green LED on the mixer

cable from the mixer  lights up indicating that the mixer has power and the

to the spectrum processor inside the mixer is running. The spectrum

analyzer. analyzer is automatically switched to external mixing

mode, and the mixer model number and mixer option are
used to set the start and stop frequencies for the mixing

band.
. = c*-' EXT MIXER
o

) B SMA cable( =

@) = fices

D ! L LO/NIF " '

=~ - . -

1) E 2

8 : < USB cable | = . Signal i{1put to

= waveguide
-__: : — connector

=

=D BeeE 2
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The spectrum analyzer performs an LO alignment using a detector in the mixer to set
the LO Power. During the alignment the yellow Busy LED turns on. Once the
alignment completes, the mixer is ready to make calibrated measurements since the
conversion loss values stored in the mixer are automatically loaded to the signal
analyzer.
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Operation
Step Action Notes
1 Tunethe analyzer a. Apply a signal to the mixer
input.

b. Press FREQ Channel Multiple responses may appear on
and enter a center screen. Most of these responses are
frequency or a start and images or multiples of the mixing
stop frequency process and not true signals.

Agilent Spectrum Anaslyzer - Swept SA
] AL OFF 03 1007 AM Jun 24, 2011
Start Freq 50.000000000 GHz Avg Type: Log-Pwr THACE
PHO: Fam ~=— Trig: Fres Run L
IFGadin:Low

Ref -1.00 dBm

External Mixer
[USE Mixer]»

Start 50.00 GHz Stop 75.00 GHz

Res BW 3.0 MHz VBW 3.0 MHz Sweep 12.5 ms (1001 p1s)
2 Turnonthesigna a. Press Input/Output, This enables you to identify true
identification function. External Mixer, Signal  signals from images and harmonics.
ID to On, Signal ID Refer to the following graphic.

M ode, Image Suppress.
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Step Action Notes

Agilent Spectrum Anahyzer - Swopt SA

I ¥ O 1637 AM Jun 24, 3011

EXT REF I ALIGHN
Avg Type: Log-Pwr TRACE SweeplControl
PHO: Fas w178 Fres Run TYFE
IF Gl ow EH’EED Time

Ref -4.00 dBm

Start 50.00 GHz i Stop 75.00 GHz
Res BW 3.0 MHz VBW 3.0 MHz Sweep 14.0 ms (30007 pts)

3 With wide spans, increasing a. Press Sweep/Contral,
the number of sweep points Points, enter the number,
may improve the effectiveness and press Enter.
of image suppressing.

Amplitude calibration

The M 1970 Series mixers automatically download a conversion lossfileto the signal
analyzer, and this conversion loss table is used to correct the measured amplitude. It
isnot possible to view or edit the conversion loss file. The Certificate of Calibration
that is provided with each mixer lists the conversion loss measured at the factory.

L O adjustment

The LO adjustment will run each time the USB connection is made, and if the signal
analyzer Alignments are set to Normal, the LO adjustment will be performed based
on time and temperature rules similar to the other signal analyzer alignments. Both
the mixer and the spectrum analyzer temperature sensors are monitored by the
alignment algorithm. If the Alignment is set to OFF, the LO Alignment will not be
performed based on time and temperature, and it will be necessary for the user to
determine when to perform alignments.

To manually trigger an LO alignment from the front panel, press System,
Alignments, Align Now, External Mixer.
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Viewing the external mixer setup screen

The mixer setup screen contains information such as mixer serial and model number,
harmonic mixing used, and the status of the mixer connection. When the USB mixer
is connected, the Mixer Preset, Mixer Bias and Edit Harmonic Table keys are grayed
out since these keys do not apply. However, if you unplug the USB cable, the Mixer
Presets key will become functional and the connection status will show USB Mixer

not connected.

To view the setup screen, press | nput /Output, External Mixer, Ext Mix Setup.

Agilent Spectriom Anabyrer - Swept S

A4 1800 CFF 0 1740 e un, 2011
Avg Type: Log-Pur TRALE Ext Mix Setup
THFE

PHO: Fagt —e= 1718: Free Run

IF Garinel ow rET
External Mixer Setup
Mixzer Selection USBE - M1970V-001 V-Band _
Harmonic Table
Harmonic  LO Doubler ~ Min Freq  Max Freq [ |
| -6 ] ©On| 50.00GHz| 7500 GHz|
USE Mixar s

o USE Micerdatectod
Agient M1970V-001 V-Band Mixer MY00000001

ARG STATLIS
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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 asasingle
signal trace on the analyzer display. Responding to a single-frequency signal, a
swept-tuned analyzer traces out the shape of the selected interna IF (intermediate
frequency) filter (typically referred to as the resolution bandwidth or RBW filter). As
you change thefilter bandwidth, you change the width of the displayed response. If a
widefilter is used and two equal-amplitude input signals are close enough in
frequency, then the two signals will appear as one signal. If anarrow enough filter is
used, the two input signals can be discriminated and appear as separate peaks. Thus,
signal resolution is determined by the | F 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 | F filter setting for a measurement. Typically, resolution bandwidth is
defined asthe 3 dB bandwidth of the filter. However, resol ution bandwidth may also
be defined as the 6 dB or impul se bandwidth of the filter.

Generally, to resolve two signals of equal amplitude, the resolution bandwidth must
be lessthan or equal to the frequency separation of the two signals. If the bandwidth
is equa to the separation and the video bandwidth is less than the resolution
bandwidth, adip 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 Analyzersin swept mode, sweep time is automatically set to a value that

isinversely proportional to the square of the resolution bandwidth (1/BW2),to keep
the analyzer measurement calibrated. So, if the resolution bandwidth is reduced by a
factor of 10, the sweep timeisincreased by afactor 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 isin use, peak and normal detectors sweep
as fast or more quickly than sample or average detectors. The analyzer allows RBW
selectionsupto 8 MHz in 1, 3, 10 stepsand it has the flexibility to fine tune RBWsin
increments of 10% for atotal 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 al desired signals.

Resolving small signals hidden by large signals

When dealing with the resolution of signalsthat are close together and not equal in
amplitude, you must consider the shape of the IF filter of the analyzer, aswell asits
3 dB bandwidth. (See “Resolving signals of equal amplitude” on page 192 for
more information.) The shape of afilter is defined by the selectivity, which isthe
ratio of the 60 dB bandwidth to the 3 dB bandwidth. If asmall signal istoo closeto a
larger signal, the smaller signal can be hidden by the skirt of the larger signal.
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Figure 15-1

Concepts
Resolving Closely Spaced Signals

To view the smaller signal, select a resolution bandwidth such that k islessthan a
(see Figure 15-1). 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.

Thedigital filtersin the analyzer have filter widths about one-third aswide as typical
analog RBW filters. This enablesyou to resolve close signals with awider RBW (for
afaster sweep time).

RBW Requirements for Resolving Small Signals

—— O—>»
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Trigger Concepts

NOTE The trigger functions let you select the trigger settings for a sweep or measurement.
When using atrigger 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
datais acquired for FFT conversion.

Selecting a trigger
1. FreeRun 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

aready 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 Trigger 1 Inor Trigger 2 Ininputconnector. 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 occursin 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. LineTriggering
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Line triggering selectsthe 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

Thisfeature selects the interna periodic timer signal as the trigger. Trigger
occurrences are set by the Periodic Timer parameter, which is modified by the
Sync Sour ce and Offset. Figure 15-2 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 atrigger
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
availablethat 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 a20.00 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 msis not exactly right, we can adjust the period
dlightly 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 Sour ce 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 asignal 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 Extl
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 atime 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. Thetimer output (labeled “late event”) will drift away from itsideal 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 15-2
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a Period

Sets the period of the internal periodic timer clock. For digital
communications signals, thisis 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 redefinesthe currently displayed trigger
location as the new trigger point that is 0.0 s offset. The Offset key can then
be used to add offset relative to this new timing

Press Trigger, Periodic Timer.
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Time Gating Concepts

Introduction: Using Time Gating on a Simplified Digital Radio Signal

Figure 15-3

Figure 15-4

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 15-3 shows a signal with two radios, radio 1 and radio 2, that are
time-sharing a single frequency channel. Radio 1 transmits for 1 msthen radio 2
transmitsfor 1 ms.

Smplified Digital Mobile-Radio Sgnal 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 15-4 The signal analyzer shows the combined spectrum; you cannot tell
which part of the spectrum results from which signal.

Fregquency Spectra of the Combined Radio Sgnals

N

PaR
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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 15-5

Figure 15-5 Time-Gated Spectrum of Radio 1
| \\w\
L____._.--—/—“‘ B L‘H"“‘--‘..
Figure 15-6 Time-Gated Spectrum of Radio 2

Time gating lets you define atime window (or time gate) of when a measurement is
performed. This lets you specify the part of asignal that you want to measure, and
exclude or mask other signals that might interfere.
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How time gating wor ks

Time gating is achieved by the signal analyzer selectively interrupting the path of the
detected signal, with agate, as shown in Figure 15-9 and Figure 15-8 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 gateis
“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 gateis
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 gatetiming is controlled by user parameters (gate delay and
gate length) following the selected (rising or falling) edge of the trigger signal.
The gate passes asignal on the edge of thetrigger 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 15-7).

» With level gating, the gate will pass a signal when the gate signal meets the
specified level (high or low). The gate blocksthe signal when the level conditions
are no longer satisfied (level gating does not use gate length or gate delay
parameters).

Figure 15-7 Edge Trigger Timing Relationships
Positive Edge Trigger Negative Edge Trigger

Signal

Trigger J —‘
| |
I I
| |

Gate

4 I i _
—b| j[¢— Delay —>je—NoDelay —»| j¢— Delay —>}«— No Delay

With Keysight signal analyzers, there are three different implementations for time
gating: gated L O, 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 gateis“on” (under the Gate menu) the
gate is passing asignal. When the gate is “off,” the gate is blocking the signal.
Whenever the gate is passing a signal, the analyzer seesthe signal. In Figure 15-8
notice that the gate is placed after the envel ope 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 meansthat there are some limitations on the
gate settings because of signal response timesin 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 aminimum sweep time (seethe
sweep time calculations later in this chapter) to capture the signal when the gateis
passing asignal. Because of this, video gating is typically slower than gated LO and

gated FFT.
Figure 15-8 Gated Video Sgnal Analyzer Block Diagram
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Gated L O Concepts

Gated LO isavery sophisticated type of time gating that sweeps the LO only while
the gateis“on” and the gate is passing asignal. See Figure 15-9 for asimplified
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 asignal.
This alows the analyzer to sweep only during the periods when the gate passes a
signal. Gated LO isfaster than Gated Video because Gated Video must constrain
sweep time so that each point islong enough to include a burst event. On the other
hand, when in Gated L O, multiple points may be swept during each gate.
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Gated LO Sgnal Analyzer Block Diagram
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Gated FFT Concepts

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

The process of making a spectrum measurement with FFTs isinherently a*“gated”
process, in that the spectrum is computed from atime 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:

1.83

FFT Time Record (to be gated) = RBW

The duration of the time record is within atolerance of approximately 3% for
resolution bandwidths up through 1 MHz. Unlike swept gated analysis, the duration
of the analysisin gated FFT isfixed by the RBW, not by the gate signal. Because
FFT analysisisfaster than swept analysis (up to 7.99 MHz), the gated FFT
measurements can have better frequency resolution (a narrower RBW) than swept
analysis for agiven duration of the signal to be analyzed.
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Figure 15-10

Gated FFT Timing Diagram
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Time gating basics (Gated L O and Gated Video)

The gate passes or blocks a signal with the following conditions:

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:

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 beginsto
passasignal.

Gate length - The gate length setting determines the length of time a gate begins
to passasignal.

The composite of the two pulsed-RF signals.
The gate trigger signal (aperiodic TTL level signa).
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* Thegatesignal. ThisTTL signa islow when the gateis“off” (blocking) and
high when the gateis “on” (passing).

The timing interactions between the three signals are best understood if you observe
them in the time domain (see Figure 15-11).

The main goal isto measure the spectrum of signal 1 and determineif 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 spectraoverlap. Signa 2 will dominate in the frequency domain due
to its greater amplitude. Without gating, you won't see the spectrum of signal 1; itis
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 15-11, so that the gateis
on only during some central part of the pulse. Carefully avoid positioning the gate
over therising or falling pul se 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 Sgnals During Gating

#1 #2 #1 #2

Signal

Trigger | |
— ]
| Gate | I Gate
| Delgay I Delay
Gate o (o)

fe—
Gate Gate
Length Length
(4] L

Oncethe signa analyzer is set up to perform the gate measurement, the spectrum of
signal 1isvisible and the spectrum of signal 2 isexcluded, as shownif Figure 15-13
In addition, when viewing signal 1, you also will have eliminated the pul se spectrum
generated from the pul se edges. Gating has allowed you to view spectral components
that otherwise would be hidden.
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Figure 15-12 Sgnal within pulse #1 (time-domain view)
#1
Figure 15-13 Using Time Gating to View Signal 1 (spectrum view)
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Moving the gate so that it is positioned over the middle of signal 2 produces aresult
asshownin Figure 15-15 Here, you see only the spectrum within the pul ses of
signal 2; signal 1 isexcluded.

Figure 15-14 Sgnal within pulse #2 (time-domain view)

#2

l aj160e
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Figure 15-15
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Using Time Gating to View Sgnal 2 (spectrum view)

*

i B

M easuring 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.

Sep 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
signalslook in the time domain, you can examine the signals with an oscilloscopeto
determine the following parameters:

» Trigger type (edge or level triggering)

» Pulserepetitioninterval (PRI), which isthe length of time between trigger events
(the trigger period).

e Pulsewidth, or t

» Signal delay (SD), which isthe 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 15-16 Time-domain Parameters
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In Figure 15-16, the parameters are:
» Pulserepetition interval (PRI) is5 ms.
* Pulsewidth (t) is3ms.

» Signal delay (SD) is 1 msfor positive edge trigger (0.6 msfor negative edge

trigger).
» Gatedelay (D) is2.5ms.
e Setuptime (SUT) is1.5ms.
Sep 2. Set the signal analyzer sweep time:

Gated L O: Sweep time does not affect the results of gated L O 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
timeis 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—).

Sep 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
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Figure 15-17

Signal

Sep 4.
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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.

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 apulse 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 filtersto
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 isequal to the gate delay minus SD. See
Figure 15-17

Paositioning the Gate

i‘nnnnnnnnnnnnr\nnw
|

:UUUUUUUUUUUUUUUUU

' T/2 | |

| " Ti4 |
Thereisflexibility in positioning the gate, but some positions offer awider choice of
resolution bandwidths. A good rule of thumb isto position the gate from 20 % to
90 % of the burst width. Doing so provides a reasonable compromise between setup

time and gate length.
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Figure 15-18

Figure 15-19

Signal

Gate

Sep 5.

Best Position for Gate

Signal

-] N

Bad Bad Acceptable Best

Asagenera rule, you will obtain the best measurement resultsif 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 timeto settle
before a gated measurement is made. “Relatively late,” in this case, means allowing
asetup time of at least 3.84/resolution bandwidth (see for RBW calculations).

As an example, if you want to use a 1 kHz resolution bandwidth for measurements,
you will need to alow a setup time of at least 3.84 ms.

Note that the signal need not be an RF pulse. It could be simply aparticular period of
modulation in asignal 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 pul se 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 Interpul se Measurement

L. SUT

The resolution bandwidth will need to be adjusted for gated L O and gated video. The
video bandwidth will only need to be adjusted for gated video.

Resolution Bandwidth:
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The resolution bandwidth you can choose is determined by the gate position, so you
can trade off longer setup times for narrower resol ution bandwidths. Thistrade-off is
dueto the time required for the resolution-bandwidth filtersto 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.

Figure 15-20 Resol ution Bandwidth Filter Charge-Up Effects
Signal
I
I
I
Gate |
i
[ SUT |
I
RBW Filter |
Charging

No Response 1.28/RBW - - - > e |
50 % Response 2.56/RBW----: | I [<]
100 % Response 3.84/RBW---- »

Sep 6.

|
|
|
|
|
R T A

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:
S 3.84

where SUT isthe 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 L O 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 15-1 Determining Signal Analyzer Settings for Viewing a Pulsed RF Sgnal

Signal Analyzer | Signal Analyzer Setting Comments

Function

Sweep Time Set the sweep time to be equalto or | Because the gate must be on at least once

(gated video greater than per trace point, the sweep time should be set

only) (number of sweep points - 1) x guch that the sweep time for each trace pqlnt

N _ is greater than or equal to the pulse repetition
pulse repetition interval (PRI): .
interval.

Gate Delay The gate delay is equal to the signal | The gate delay must be set so that the gating
delay plus one-fourth the pulse captures the pulse. If the gate delay is too
width: short or too long, the gating can miss the
Gate Delay = Signal Delay + /5 pulsg or include resolution bandwidth

transient responses.

Gate Length The gate length minimum is equal If the gate length is too long, the signal
to one-fourth the pulse width display can include transients caused by the
(maximum about one-half): signal analyzer filters.

Gate Length =0.7 x t/4 The recommendation for gate placement can
be between 20 % to 90 % of the pulse width.

Resolution Set the resolution bandwidth: The resolution bandwidth must be wide

Bandwidth enough so that the charging time for the
RBW>19.5/% resolution bandwidth filters is less than the

pulse width of the signal.
Figure 15-21 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 15-2
summarizes the parameters for a signal whose trigger event occurs at the sametime
as the beginning of the pulse (in other words, SD is 0). If your signal has anon-zero
delay, just add it to the recommended gate delay.

Table 15-2 Suggested Initial Settings for Known Pulse Width (7) and Zero Sgnal Delay

Pulse width (1) Gate Delay Resolution Bandwidth | Gate Length
(SD +1/5) (>19.5/7) (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 pus 19.5 kHz 0.175 us
5ms 1ms 3.9 kHz 0.875ms
10 ms 2ms 1.95 kHz 1.75ms
16.6 ms 3.32ms 1.175 kHz 2.905 ms
33 ms 6.6 ms 591 Hz 5.775 ms
50 ms 10 ms 390 Hz 8.75ms
100 ms 20 ms 195 Hz 17.5ms
>130 ms 26 ms 151 Hz 22.75ms

Table 15-3 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.
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Table 15-3 If You Have a Problem with the Time-Gated Measurement

Symptom

Possible Causes

Suggested Solution

Gate does not trigger.

1) Gate trigger voltage may be
wrong.

2) Gate may not be activated.
3) Gate Sour ceselection 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 band width, or increase
resolution band wid th.

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

15-22

Depending on thetrigger signal that you are working with, you can trigger the gatein
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 ameasurement trace based on an external signal.

Edge Mode

Edge mode lets you position the gate relative to either therising or falling edge of a
trigger signa. The left diagram of Figure 15-22 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

al

i —
_’I

W.

i

j¢— Delay —j«—No Delay —»| |[¢— 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 opensthe 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 specia 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 al the available noise power al 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 therest 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 ol der
analyzer where both use the peak detector, the X-Series answer will be
approximately correct, while the older analyzer will need a correction factor. That
correction factor is discussed in Keysight Technologies Application Note 1303,
Spectrum Analyzer Measurements and Noise, in the section on Peak-detected Noise
and TDMA ACP Measurements.

When making measurements of Band/Interval Power or Band/Interval Density, the
analyzer does not make compensations for peak detection. For best measurements
with these marker functions, average or sample detection should be used.
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AM and FM Demodulation Concepts

Demodulating an AM signal using the analyzer as a fixed tuned receiver
(Time-Domain)

The zero span mode can be used to recover amplitude modulation on acarrier signal.
The following functions establish aclear 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 timeto 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 15-23

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 15-23

Determining FM Parameters using FM to AM Conversion

A Frequency Response
of the IF_Filter

~

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 envel ope 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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|Q Analysis Concepts

Purpose

IQ Analysis (Basic) mode is used to capture complex time domain data from wide
bandwidth RF signals. This mode preserves the instantaneous vector rel ationships of
time, frequency, phase and amplitude contained within the selected digitizer span or
analysis BW, at the analyzer's center frequency, for output as1Q data. This IQ data
can then be utilized internally or output over LAN, USB or GPIB for use with
external analysistools. Each measurement description specifies the types of data
available remotely for that measurement.

Within the IQ Analyzer mode, basic frequency domain, time domain and 1Q
measurements are available asinitia signal and data verification tools in preparation
for deriving the 1Q data output. Thisis accomplished using the Complex Spectrum
and |Q Waveform measurements. Although Complex Spectrum and 1Q Waveform
are defined as measurements in the IQ Analyzer (Basic) mode, they act primarily as
toolsto 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 versustime is provided in the lower window. One advantage of
having an 1/Q view available whilein the spectrum measurement isthat it allows you
to view complex components of the same signal without changing settings or
measurements.

M easurement 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, sasmples are digitized at ahigh rate, converted to | and Q componentswith
DSP hardware, and then converted to the frequency domain with FFT software.

Troubleshooting hints

Changes made by the user to advanced spectrum settings, particularly to ADC range
settings, can inadvertently result in spectrum measurements that are invalid and
cause error messages to appear. Care needs to be taken when using advanced
features.
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|Q Waveform M easurement

Purpose

The 1Q Waveform measurement provides atime domain view of the RF signal

envel ope with power versus time or an I1Q waveform with the | and Q signal
waveformsin parameters of voltage versustime. The RF Envelope view providesthe
power verses time display, and the 1/Q Waveform view provides the voltage versus
time display. One advantage of having an I/Q Waveform view available while
making awaveform measurement isthat 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.

M easurement 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 adigital signal, which then is processed into a
representation of awaveform measurement. The measurement relies on ahigh rate
of sampling to create an accurate representation of atime domain signal.
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Spurious Emissions M easurement Concepts

Purpose

Spurious signals can be caused by different combinations of signalsin the
transmitter. The spurious emissions from the transmitter should be minimized to
guarantee minimum interference with other frequency channelsin 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.

M easurement 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.

Aseach band is swept, any signal which is above the Peak Threshold value and hasa
peak excursion of greater than the Peak Excursion value will be added to alist of
spurs displayed in the lower results window. A total of 200 spurs can be recorded for
one measurement, with alimit of 10 spurs per frequency range. To improve
repeatability, you can increase the number of averages.

From the spursin 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 compl ete 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. Asit appliesto W-CDMA (3GPP), thisisthe power contained in
a specified frequency bandwidth at certain offsets relative to the total carrier power.
It may also be expressed as aratio 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 afull spectrum
emissions mask measurement.

M easurement method

The spectrum emission mask measurement measures spurious signal levelsin 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 asignal can give useful qualitative insight into transmitter
operation. Any distortion to the spectrum shape can indicate problemsin transmitter
performance.

M easurement method

The instrument uses digital signal processing (DSP) to sample theinput signal and
convert it to the frequency domain. With the instrument tuned to afixed center
frequency, samples are digitized at a high rate with DSP hardware, and then
converted to the frequency domain with FFT software.

Thetotal absolute power within the measurement frequency span isintegrated 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) M easurement 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:

* 1Q Analyzer (Basic)

«  802.16 OFDMA (WiMAX/WiBro)
» cdma2000

* GSM/EDGE

« TD-SCDMA

What are Baseband |/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.
Thetwo portslabeled “1” 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 I/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.

M easurements 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 “1” and “ Q" are used
in conjunction with the | and Q inputs. The terms “1-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 I/Q signals. Thismay bereferredto asa
balanced measurement.

Balanced baseband measurements are made using the | and connectorsfor | only
signal measurements, while the Q and connectors are used for a Q only signal
measurement. Balanced measurements of |/Q require differential probe connections
to al four input connectors. For details of probe selection and use, refer to
“Selecting input probes for baseband measurements” on page 223.

What are Baseband |I/Q signals?

In transmitters, the term baseband 1/Q refersto signals that are the fundamental
products of individual I/Q modulators, before the | and Q component signals are
combined, and before upconversion to | F or RF frequencies.
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In receivers, baseband I/Q analysis may be used to test the | and Q products of 1/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:

1/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%+ Q?
Single sideband (SSB) metrics for assessing output quality

Basic analysisof | and Q signalsinisolation 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 Keysight 1153A active differentia probe using the InfiniMax probe interface.

The Keysight 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
thel 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 avariety of input coupling and low frequency rejection
modes. In addition, awide 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 MQ 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 Keysight passive probes can be
automatically identified by the system, setting the input impedance required as well
asthe nominal attenuation. For single-ended measurements asingle probeis 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
1132A2 InfiniMax 5 GHz probe
1133A2 InfiniMax 7 GHz probe
Passive 1161A Miniature passive probe, 10:1,10 MQ, 1.5 m
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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 Keysight probe configuration guide,
5968-7141EN and 5989-6162EN.

Probes without stored calibration

Thefollowing 115xA active probes may be used with the MXA'’s baseband 1Q inputs
and may use the same probe calibration utility software. However, the probe
calibration datais 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 Keysight probe data sheet for specific information regarding
frequency of operation and power supply requirements.

Baseband 1/Q measurement views

M easurement result views made in the |Q 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 scalein dBm units, whereas measurements of baseband signals
using Baseband 1/Q inputs may be conveniently displayed as voltage using alinear
vertical scale aswell asalog 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.

I 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.

Thel 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 isbecause 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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