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Notice

The information contained in this document is subject to change without notice.

Agilent Technologies makes no warranty of any kind with regard to this material,
including but not limited to, the implied warranties of merchantability and fithess
for a particular purpose. Agilent Technologies shall not be liable for errors
contained herein or for incidental or consequential damagesin connection with the
furnishing, performance, or use of this material.

Warranty

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

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

Adgilent Technologies warrants that its software and firmware designated by
Adgilent Technologies for use with an instrument will execute its programming
instructions when properly installed on that instrument. Agilent Technol ogies does
not warrant that the operation of the instrument, or software, or firmware will be
uninterrupted or error-free.

LIMITATION OF WARRANTY

The foregoing warranty shall not apply to defects resulting from improper or
inadequate maintenance by Buyer, Buyer-supplied software or interfacing,
unauthorized modification or misuse, operation outside of the environmental
specifications for the product, or improper site preparation or maintenance.

NO OTHER WARRANTY IS EXPRESSED OR IMPLIED.

AGILENT TECHNOLOGIES SPECIFICALLY DISCLAIMS THE IMPLIED
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A
PARTICULAR PURPOSE.




EXCLUSIVE REMEDIES

THE REMEDIES PROVIDED HEREIN ARE BUYER'S SOLE AND
EXCLUSIVE REMEDIES. AGILENT TECHNOLOGIES SHALL NOT BE
LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR
CONSEQUENTIAL DAMAGES, WHETHER BASED ON CONTRACT, TORT,
OR ANY OTHER LEGAL THEORY.

Whereto Find the Latest I nformation

Documentation is updated periodically. For the latest information about
Agilent ESA Spectrum Analyzers, including firmware upgrades, software
upgrades, application information, and product information, please visit the
Internet URL listed below.

http://www.agilent.com/find/esa/
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Getting Started




Table 1-1

Getting Started
Introduction

I ntroduction

The Option 226 Phase Noise M easurement Personality is a downloadabl e program
(DLP) that is used with the ESA-E Series spectrum analyzers. You need the
following equipment to use the utility:

Phase Noise M easurement
Per sonality

Spectrum Analyzer

Option 226

E4401B (firmware A.04.07 and | ater)
E4402B (firmware A.04.07 and later)
E4404B (firmware A.04.07 and later)
E4405B (firmware A.04.07 and later)
E4407B (firmware A.04.07 and later)

The following procedures describe how to install the file and access the utility.
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Table 1-2

Getting Started
Checking the Shipment

Checking the Shipment

Verify that the following items are in this shipment. Contact your nearest
Agilent Technologies sales or service officeif any items are missing.

Refer to the “Agilent Technologies Sales and Service Offices” on page 38

Option 226 M aterials Supplied

Description Agilent Technologies Quantity
Part Number

Option 226

Phase Noise Personality User’s Guide E4401-90275 1

Phase noise personality E4401-10008 1
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Getting Started
Licensing the Phase Noise Personality

Licensing the Phase Noise Per sonality

In order to start using the features of the phase noise personality, it must be
licensed. To license your phase noise personality use the following procedure.

NOTE If your analyzer came with the phase noise personality installed, you can skip the
Licensing and Installation instructions.

1. Turn on the spectrum analyzer. After the analyzer has compl eted the power up
sequence:

Press the System key, then the More 1 of 3 softkey, the More 2 of 3 softkey,
then the Licensing softkey.

2. Pressthe Option softkey, and use the numeric key pad to enter the name of the
option. For the phase hoise personality the option name is 226.

3. Pressthe Return key, to go back to the licensing menu and select the License
Key softkey. Use the numeric key pad and the a pha editor softkeysto enter the
appropriate licensing keyword for your spectrum analyzer.

NOTE If alicensing keyword was not provided, contact your Agilent Technologies
representative.

4. Pressthe Return key to go back to the licensing menu. Pressthe Activate
softkey to license your downloadable personality.
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Getting Started
Installing the Phase Noise Personality

NOTE

I nstalling the Phase Noise Personality

The phase noise personality comes on one floppy disk. To install the utility into the
spectrum analyzer use the following steps.

1
2.

Press the System key on the front panel.

Press the More 1 of 3 softkey, the More 2 of 3 softkey, then the Personalities
softkey. The display screen will list the personalities currently installed in your
spectrum analyzer.

Insert your phase noise personality floppy disk into the analyzer’s disk drive
and press thimstall softkey. The installer utility will ask you to install or verify
the disk. Press thestall Now softkey to install the personality .

Previously installed versions of the phase noise personality will be overwritten
when the new personality is installed.

4.

After the installation is complete exit the installer by pressingsthtdnstaller
key and power cycle the analyzer.

To verify that the phase noise personality was properly installed, press the
MODE key, and check that tlthase Noise softkey is present.
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Getting Started
Starting the Phase Noise Personality

Sarting the Phase Noise Per sonality

The phase noise personaity can be started easily once the program has been
licensed and installed.

Press the MODE key, then the Phase Noise softkey, to start the utility.
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Getting Started
Removing the Phase Noise Personality

Removing the Phase Noise Personality

To uninstall the phase noise personality from the spectrum analyzer use the
following steps:

1. Pressthe System key, the More 1 of 3 softkey, the
More 2 of 3 softkey, and then the Personalities softkey.

2. Pressthe Uninstall softkey, and using the up 0 and the down O arrows select
the “Phase Noi se Personal ity” field.

3. Press th&Jninstall Now softkey. The analyzer will ask you to confirm the
command by pressing thminstall Now softkey again. Afterwards, the phase
noise personality will be uninstalled.

Chapter 1 7
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Using the Phase Noise Personality
Using the Phase Noise Personality

Using the Phase Noise Per sonality

Thi

s chapter includes the following:

Making a log plot measurement
Functionality

— The Configuration Screen

— Log Plot Measurements

— Spot Frequency Measurements
— Smoothing, Averaging, or Filtering
— Signal Tracking

Specifications and Characteristics
Measurement Considerations

— Offsets=1 MHz

— Slowly Drifting Signals

— System Noise Floor

— Using the Bottom Division of the Display

Other Documentation

10
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Using the Phase Noise Personality
Using the Phase Noise Personality

Using the Phase Noise Per sonality

The phase noise personality uses a configuration screen to set up all the necessary
measurement parameters as well as a series of softkey menus to navigate to
different measurements.

Once you enter the phase noise analyzer mode, the configuration screen can be
accessed by pressing the Mode Setup key, then the Config softkey. See
Figure 2-1.

Use the tab keys at the bottom of the analyzer’s display to select the parameters
that need changing. Use the softkey choices for each of the parameter fields to
change the value of that parameter. In some cases you can also use the numeric key
pad to change the parameter’s value.

Figure2-1 Configuration Screen
- Agilent  99:00:19 MNov 16, 20088 L | Carrier Freq
I
. Carrier Freq
Config 1.88608 GHz

Carrier Freq 1.00000 GHz

Set the following measurement parameters
(use tab key to scroll), then press MEASURE

Carrier Freq [1.00000 GHz  Ref Level [-50 dBc
Span [ 1.00000 MHz  Filter Trace [None
Spot Freq [1.00000 kHz ~ Smooth Trace [47 Avg
Min Offset [ 1.00000 kHz  Sig Tracking [0ff
Max Offset [ 1.00000O MHz
RMS
Lower Limit [ 1.080D8 kHz
Upper Limit [ 1.08008 MHz

|
Once the parameters of the configuration screen are set, pre4SABERE key
to access the utility’s main menu.

To exit the phase noise personality select a different analyzer mode from the
MODE key.
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Using the Phase Noise Personality
Using the Phase Noise Personality

The phase noise personality main menu contains the following softkey options.

1. Measure Log Plot

Makes a phase noise measurement over arange of offset frequencies and
integrates the phase noise measurement over selected frequency range to get
the RMS noise.

2. Measure Spot Freq
Continuously measures phase noise at a single offset frequency.
3. Setup

This softkey is used to exit the log plot and spot frequency measurements and
to view the signal of interest.

12 Chapter 2



Figure 2-2

Using the Phase Noise Personality
Making a Log Plot Measurement

Making a Log Plot Measurement

A log plot measurement of phase noise is probably the most common use of the
phase noise personality. See the following example.

1
2.

Connect your signal of interest to the spectrum analyzer’s input.

Press th&1ODE key, then press thehase Noise softkey to enter the phase
noise personality. Make sure that tetup softkey is highlighted.

Press th&lode Setup key then theonfig softkey to access the configuration
screen. Select the desired carrier frequency and span for the signal of interest.
Also, settheM n O fset field to 1 kHz and thdvax O f set field to

1 MHz.

Press th&IEASURE key. Make sure that the desired signal is on the display.

Press th#measure Log Plot softkey to start the phase noise measurement. See
Figure 2-2

L og Plot M easurement

6.

A Agilent  B%:01:23 Mov 16, 2000 L

Meas Setup

i

Smooth Trace,
4% Avg

Spot Freq
1.06008 kHz

Lower Limit
1.00668 kHz

Upper Limit
1.60668 MHz

Start 1.60
Carrier Freq |

Noise -75.15 dBc/Hz  spot Freq
RMS 0.6061 Rad Lower Limit

0.3475 Deg Upper Limit 1.90

To change the readout of the spot frequency or marker placement on screen
press theMeas Setup key, then th&pot Frequency softkey, and change the

spot frequency selection to a value between the minimum and maximum offset
frequencies.
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Using the Phase Noise Personality
Making a Log Plot Measurement

7. Pressthe Meas Setup key, then the Smooth Trace softkey, to select different
amounts of smoothing and notice the effects on the trace.

NOTE See “Using the Phase Noise Personality” on page 2etInore details.
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Figure 2-3

Using the Phase Noise Personality
Functionality

Functionality

The Configuration Screen

When the spectrum analyzer is in the phase noise mode, the configuration screen
can be accessed by pressing: Mode Setup key then Config softkey. The screen
displays the configuration screen as shown in Figure 2-3.

Configuration Screen

£ Agilent  99:00:19 Nov 16, 2008 L

Carrier Freq

. Carrier Freq
Config 160008 GHz|
Carrier Freq 1.00000 GHz

Set the following measurement parameters
{use tab key to scroll), then press MERSURE

Carrier Freq | 100002 GHz  Ref Level -58 dBc

Span [ 1.00000 MHz  Filter Trace  [None
SpotFreq [ 100000 kHz  Smooth Trace [47 Avg
PPRRG
0

Min Offset 100000 kHz Sig Tracking |Uff

Max Offset 1.00000 MHz

RMS
Lower Limit 1.60008 kHz
Upper Limit 1.00006 MHz

If adisplayed parameter needs to be changed, this can be done by choosing a new

value from the softkeys at the right of the screen or by entering a value with the
numeric key pad.

Once the desired values are chosen, a phase noise measurement may be made
either at asingle offset frequency Measure Spot Freq or over arange of offset
frequencies Measure Log Plot.

Pressing the MODE key, and then the SA softkey returns the instrument to the
normal spectrum analyzer operation. The change from one mode to another may
take several seconds.
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Using the Phase Noise Personality
Functionality

L og Plot M easurements

The log plot measurement approximates a logarithmic frequency sweep with a set
of linear sweeps pieced together to give a display of dBc/Hz versus logarithmic
frequency offset. Trace 1, which isthe yellow trace, displays the point-by-point
dataas measured. Trace 2, the blue trace, displays a smoothed version of trace 1.
The amount of smoothing is determined by the current setting of the smoothing
parameter. The phase noise at the selected spot frequency and the RM S noise over
the selected limits are also displayed numerically.

The Measure Log Plot softkey or the Restart key allows a measurement to be
repeated with asingle key press. Thisis useful for seeing effects of circuit changes
where the carrier and offset frequencies of interest do not change.

The display includes a numerical readout of asingle offset frequency that may be
changed with the Spot Freq softkey. Changing the spot frequency will move the
marker to the new position and display the new value for the spot measurement.

When making several spot frequency measurements at different frequencies, set
the minimum and maximum offset frequencies wide enough to include all of the
desired frequencies.

Modifying the spot frequency marker using the knob is not possible.

Phase noise measurement results can be integrated over a selected frequency range
to get the total RM S (root mean squared) noise in a given bandwidth. The
frequency limits used for integration may be selected by pressing the Meas Setup
key. Theresults are displayed in radians and degrees.

Spot Frequency M easurements

A continuous phase noise measurement can be made at a single offset frequency
using the spot frequency measurement function.
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Using the Phase Noise Personality
Functionality

Smoothing, Averaging, or Filtering

Noise reduction on the trace can be accomplished severa different ways.
Smoothing is used with log plot measurements while trace averaging is used with
spot frequency measurements. Video filtering can be used with both types of
measurements.

The smoothing process averages a number of adjacent trace points of trace 1 and
displaysthe result in trace 2 for alog plot measurement. Smoothing is faster, but
less accurate, especialy for rapid changes in the trace like a trace with a discrete
signal such as a spurious sideband. Choose the smooth trace field in the
configuration screen or pressthe Meas Setup key, then the Smooth Trace softkey
while inside the log plot measurement to display a menu of softkeysthat allows
different amounts of smoothing. While inside the log plot measurement each
amount of smoothing can be tried without having to make a new measurement.

Trace averaging can be used when making spot frequency measurements. Since
noise is not correlated from sweep to sweep, successive traces can be averaged to
reduce the peak to peak amplitude of the noise. Trace averaging gives more
repeatable results.

Video filtering can be applied to the active trace when making spot frequency or
log plot measurements. The amount of filtering can be changed from the
configuration screen. Additional filtering can increase the accuracy and
repeatability of the measurement, but it will also make the measurement process
slower. The filtering softkeys change the ratio of the video bandwidth to the
resolution bandwidth.

Signal Tracking

Signal tracking can be used for log plot measurements to measure a slowly drifting
signal. When it isenabled (On), the measurement will follow avery slowly drifting
signal by reacquiring the signal between each of the ten sweeps that make up one
complete log plot.

When signal tracking is on, aslowly drifting signal will be tracked during alog
plot measurement. The maximum drift rate that can be tracked will depend on
instrument settings such as minimum offset frequency and the amount of filtering.

If the signal is not tracked correctly, the drift may not be completely compensated
for, causing the measured phase noise to appear either higher or lower than it
actually is.
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Using the Phase Noise Personality
Specifications and Characteristics

Specifications and Char acteristics

Specifications shown are based on the operation of the phase noise personality
with an Agilent ESA-E Series spectrum analyzer.

M easurement Char acteristics

M easurement modes Measure log plot

Measure spot frequency

Measure RMS Noise
Maximum number of decades 5 (whole decades only)
Filtering None (VBW/RBW=10)

(ratio of video bandwidth Medium (VBW/RBW=0.1
to resolution bandwidth) Maximum (VBW/RBW=0.03)

Smoothing 2%

4%

8%

16%

Carrier Frequency Range

9kHzto 1.5 GHz E4401B
9kHz to 3.0 GHz E4402B
9kHz t0 6.7 GHz E4404B
9kHz to 13.2 GHz E4405B
9kHz to 26.5 GHz E4407B

Offset Frequency

Range 100 Hz to 100 MHz

The minimum rangeis limited to 10 x the narrowest resolution bandwidth of the
spectrum analyzer.

M easurement Accuracy (Characteristic)

Amplitude Accuracy +1.6 dB (=10 dB above system noise
floor)

Amplitude Repeatability. See Table 2-2.
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Using the Phase Noise Personality
Specifications and Characteristics

Table 2-1 Log Graph Frequency Accuracy
Number of Decadesin Sweep Accur acy?
2 <3%
3 <6%
4 <12%
5 <18 %
a. Accuracy relative to the highest frequency in the decade being
measured
Table2-2 Amplitude Repeatability
Filtering Repeatability Char acteristics?
No Smoothing 12 Point Smoothing
none +6 dB +1.5dB
medium +3dB +1dB
maximum +2.5dB +1dB

a. Smoothing can cause additional amplitude errors near rapid transi-
tions of the data, such as with discrete spurious signals and impul-
sive noise. The effect is more pronounced as the number of points
smoothed increases.

Chapter 2 19



Using the Phase Noise Personality
Specifications and Characteristics

Agilent ESA E4401B System Noise Floor Characteristics

Figure 2-4
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Figure 2-5 Agilent ESA E4402B, E4404B, E4405B, and E4407B System Noise Floor
Characteristics
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NOTE Refer to the ESA-E Series specifications guide for more information.
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Using the Phase Noise Personality
Measurement Considerations

M easurement Consider ations

Offsets>1 MHz

For measurements at offsets of =1 MHz the spectrum analyzer noise floor is
typically about =125 dBc/Hz + 20 logiNwhere N is the spectrum analyze
harmonic mixing mode.

Slowly Drifting Signals

A log plot measurement carelmadeon a sbwly drifting signal uang the signal
tracking function, but the measured value will be slightly inaccurate. The
maximum drift rate that can be tracked will depend on instrument settings such as
minimum dfset frequency and the amount of averaging. Depending on the
direction of the drift, the phaseoise will apear eibher higher o lower than it

actually is.

If thedrift rate is excessive—it has high residual FM—disconinuitiesin the
displayed tra@ may occu. Refer toLog Plot Measrementhas Unexpected
Discontinuities on page 37

System Noise Floor

The ystem nois floor shauld be checked wit a clean source for the fragncy
offsets hat will be measured. e signal frequencshauld be the same as the
signal to be measuregsince the systemhase nise is a functiorof the spectrum
analyzer center frequenc

Display Accuracy at 10 dB Per Division

When the amplitude scale settjiis 10dB per divisbn, the hase noise
measurements are most accurate in tipeuipalf of the dispha In particula, if the
measurementsare accurring in thebottom 1 % divisionsof thedisgay, it is best to
decrease the reference levatilthe result is diglayed in tke upper half.

To chamge the scale settig to 10 dB perdivision, pressSetup, AMPLITUDE, then
the Scale/Div sdtkey.

Frequency Offset Limitations

The phas noisepersonaliy allows yau to define he range of fiset fraquencies to
be measured usy theM n O f set and Max O f set configuration screen
fields. There are lim#ton the number of significahdigits entered whesettirg the
minimum and maximumféset frequencies. The entry will be rounded to the
nearest aceptable value.

Theoffsetrange musbesetto a decadenultiple from1to 5. Forminimum dfsets
of less than 200 Hzhe dfset range must be kgast 2 decades.

When $gnal Trackingis On, the ninimum dfset is Imited to 1 iz.

Chapter 2 21



Using the Phase Noise Personality
Other Documentation

Other Documentation

The document listed below provides information on making phase noise
measurements. It can be obtained through your local Agilent Technologies office.

Agilent Part Number ‘ Title

1000-1132 ’ RF and Microwave Phase Noise Measurement Seminar
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Softkey Menus and Descriptions

Menu Maps
I
Menu Maps
Figure 3-1 Mode and M eas Control Menu Maps

Mode

SA

Phase Noise

Meas Control

Meas Control

Restart

Measure
Cont Single

Pause

pl738b
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Figure 3-2

Softkey Menus and Descriptions

Chapter 3

Menu Maps
Measure and Setup Menu Maps
w Meas Setup
Measure Meas Setup Smooth Trace
Setup Smooth Trace» None
Measure Spot Freq
Log Plot » 1.0000 kHz 2% Avg
Measure | o Lower Limit 9
Spot Freq”) ™ 1.0000 kHz 4% Avg
Upper Limit
1.0000 kHz 8% Avg
16% Avg
Mode Setup Meas Setup
Mode Setup Meas Setup
Avg Number
10
On Off
Avg Mode
Exp Repeat
- Spot Freq
Config > 1.0000 kHz
Filter Less
Filter More
pI740b
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2%
through
16%

Avg Mode
Exp/Repeat

Avg
Number
On/Off

Carrier Freq

Config

Softkey Menus and Descriptions
Softkey Descriptions

Softkey Descriptions

To access the phase hoise personality, press the front-panel MODE key, and then
the Phase Noise softkey. Referring to the menu maps on previous pages, the
following softkeys will become accessible:

Set the amount of trace smoothing to be used on alog plot measurement. A
running average is taken with the selected quantity of trace points from trace 1
being averaged and put into trace 2. The indicated averaging is based on there
being 1010 pointsin atrace.

Pressthe MEASURE key, the Measure Log Plot softkey, the Meas Setup key, and
then the Smooth Trace softkey or select the Srroot h Tr ace field in the
configuration screen to access these soft keys.

Toggles the averaging mode of successive traces so that the averaging is repeated
every “n” number of traces or stops after the first “n” number of traces. (Where “n”
is the average number of traces selected/tnNumber.)

Press thaEASURE key, theMeasure Spot Freq softkey and then thideas
Setup key to access this softkey.

Toggles trace averaging, and allows the user to change the number of successive
traces that are averaged. Trace averaging helps reduce the peak to peak amplitude
of the noise, since noise is not correlated from sweep to sweep. Like video

filtering, trace averaging gives a more repeatable result.

Press théMeasure Spot Freq softkey, and then thdeas Setup key to access this
softkey.

Allows the user to change the signal which is selected for phase noise
measurement.

Selecting this field in the configuration screen will display that parameter as the
active function. You then enter a value using the numeric key pad and terminate
the entry with a units key such as the softkey, or thevHz softkey.

To enter the configuration screen, pressMbee Setup key, and then th€onfig
softkey. Use th&ab keys to select the desired field.

When a parameter field is selected, it brings up the softkeys that allow the
measurement parameters to be changed. Some parameters accept numeric key pad
entries.

To enter the configuration screen, pressMbee Setup key, and then th€onfig
softkey. Use th&ab keys to navigate through the screen’s fields.
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Filter Less
and
Filter More

Filter Trace

Lower Limit

Max Offset

Softkey Menus and Descriptions
Softkey Descriptions

Change the amount of video filtering applied to the active trace when making a
spot frequency phase hoise measurement. Pressing the Filter More softkey will
reduce the peak-to-peak amplitude of the noise, and give more repeatable results
while lengthening the sweep time. Pressing the Filter Less softkey will increase
the video bandwidth. There is no speed advantage in increasing the video
bandwidth beyond the resolution bandwidth.

Press the MEASURE key, Measure Spot Freq softkey, and then the
Meas Setup key to access these softkeys.

Sets how much video filtering is to be applied when the log plot phase noise
measurement is done. More filtering will increase the accuracy and repeatability of
the measurement, but will take alonger time. The different softkeys change the
ratio of the video bandwidth to the resolution bandwidth, changing the amount of
filtering. There are three different levels of filtering available; None, Medium, and
Maximum.

To enter the configuration screen, press the Mode Setup key, and then the Config
softkey. Use the Tab keys to navigate through the screen’s fields.

Sets the lower-frequency integration limit for the RMS noise calculation. The
value must be between the minimum offset frequency of the log plot measurement
and the upper-frequency integration limit.

To change the lower limit value, access its softkey by pressing the front-panel
MODE key, then théhase Noise softkey, theMEASURE key, theMeasure Log
Plot softkey, and then thdeas Setup key, or select theower Limt, field in

the configuration screen.Sé@ure 2-1 on page 11

Prompts the user for a new maximum offset frequency. This value is the maximum
offset frequency displayed by a log plot measurement. All entries are rounded up
to give an integral number of decades of offset frequency range, based on the
minimum frequency offset setting. The maximum number of decades of frequency
offset range is limited to five. The minimum number of decades of frequency
offset range is dependent on the carrier frequency and the current setting of the
minimum offset frequency.

After the maximum frequency offset is changed, the spot frequency will also be
adjusted, if necessary, to keep it between the minimum and maximum offset
frequencies. The maximum offset frequency available for the ESA-E series
analyzer is 100 MHz.

To enter the configuration screen, pressMbee Setup key, and then th€onfig
softkey. Use th@ab keys to select the desired field.
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Measure Log
Plot

Measure
Spot Freq

Min Offset

Softkey Menus and Descriptions
Softkey Descriptions

Initiates a phase noise measurement over the range of offset frequencies shown on
the configuration screen. The results are displayed on adBc/Hz versuslog
frequency screen. A numeric readout is made at the selected spot frequency. The
personality measures only the upper noise sidebands.

It also allows integration of the noise displayed by trace 2. The integration can be
done over a selected frequency range to get the total RM S noise in agiven
bandwidth. The results are displayed in both radians and degrees. The integration
limits are the current upper and lower limit values. These must be within the range
of the offset frequencies.

Theintegration is performed using single-sideband data, and a
single-to-double-sideband correction is added to yield the RM S noise of a
double-sideband measurement.

Press MEASURE to access this softkey.

Puts the spectrum analyzer in the appropriate state for continuously measuring the
phase noise at a single offset frequency. The span is set to four times the offset
frequency, with the carrier in the center of the displayed frequency range. The
spectrum analyzer remains sweeping continuously. The resultant noise amplitude
at the spot frequency is indicated by the spectrum anayzer's noise marker. The
numeric valueisin the upper right hand corner of the screen. The Measure Spot
Freq softkey gives a single frequency measurement more quickly than using the
Measure Log Plot softkey.

The personality measures only the upper noise sidebands.

Press MEASURE to access this softkey.

Prompts the user for a new minimum offset frequency. This value is the minimum
offset frequency displayed by alog plot measurement. All entries are rounded to
one significant digit, and must be between 100 Hz and 10 MHz, inclusive. The
minimum offset frequency that can be selected is determined by 10 times the
narrowest resolution bandwidth available.

After the minimum frequency offset is changed, the spot frequency will also be
adjusted, if necessary, to keep it between the minimum and maximum offset
frequencies.

To enter the configuration screen, press the Mode Setup key, and then the Config
softkey. Use the Tab keysto select the desired field.
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Ref Level

Setup

Sig Tracking
On/Off

Smooth Trace

Softkey Menus and Descriptions
Softkey Descriptions

Changes the dB/Hz value corresponding to the top graticule line for the log plot
display. The reference level may need to be changed depending on the phase noise
level of the source and the frequency offset range being measured. Pressing this
softkey brings up a menu that can be used to select reference levels of —20 dBc,
-30 dBc, —40 dBc, or 50 dBc.

To enter the configuration screen, press the Mode Setup key, and then the Config
softkey. Use the Tab keysto select the desired field.

Used to exit the log plot or spot frequency measurements. After changes are made
in the configuration screen to setup the signal of interest, the signal can be viewed
in the setup screen before a measurement is performed.

Press MEASURE to access this softkey.

Enables and disables the signal tracking mode for log plot measurements. When it
is enabled ((n), the measurement will follow avery slowly drifting signal by
reacquiring the signal between each of the ten sweeps that make up one complete
log plot. With signal track on, the measurement will be somewhat slower.

When signal tracking is on, aslowly drifting signal will be tracked during alog
plot measurement. The maximum drift rate that can be tracked will depend on
instrument settings such as minimum offset frequency and the amount of
averaging.

Depending on the direction of drift, the phase noise will appear either higher or
lower than it actually is.

To enter the configuration screen, press the Mode Setup key, and then the Config
softkey. Use the Tab keysto select the desired field.

Changes the amount of smoothing that is done after the measurement is complete.
The smoothing function is much faster than filtering. However, it may cause errors
if the noise changes rapidly with frequency, or if there are discrete signals present.

The function takes a running average of points across the screen from trace 1 and

puts the average into trace 2. The number of pointsto be averaged is selectable by
softkeys. Each softkey label shows the associated percent averaging, which isthe
number of pointsin the average divided by the total number of pointsin the trace

(1010).
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Spot Freq

Upper Limit

Softkey Menus and Descriptions
Softkey Descriptions

When the amount of smoothing is set from within the configuration screen, the
value is updated and used when the measurement is restarted.

When smoothing is selected from the Measure Log Plot, Meas Setup menu, the
smoothing occurs immediately after the softkey is pressed. The result is shown on
the screen with trace 2. Different amounts of smoothing can be quickly evaluated.
Thelog plot display reflects any spot frequency amplitude change that may have
occurred because of achange in smoothing.

Press the MEASURE key and the Measure Log Plot softkey and then pressthe
Meas Setup key to access the smooth trace softkey. The Snoot h Tr ace value
can aso be changed by selecting the appropriate field in the configuration screen.
See Figure 2-1 on page 11.

Prompts the user for a new frequency offset to be measured. This function can be
used to change the frequency for a spot frequency measurement, or to select a
frequency where the noise amplitude will be displayed for alog plot measurement.

The frequency entered must be between the minimum and maximum frequencies
displayed on the configuration screen.

After an entry has been made, the analyzer will be set to measure the phase noise at
the selected offset frequency. If a spot frequency measurement is being made, the
frequency will be changed and the measurement will restart. If alog plot
measurement is being made, the spot frequency marker position is updated, and the
noise amplitude at the new frequency is displayed.

To change the spot frequency value press either the Measure Log Plot softkey, or
the Meas Spot Freq softkey, then select the Meas Setup key. You can aso select
the Spot  Fr eq, screen field from the configuration screen. See Figure 2-1 on

page 11.

Sets the upper-frequency integration limit for the RM S noise calculation. The
value must be between the lower-frequency integration limit and the maximum
offset frequency of the log plot measurement.

Press the MEASURE key, the Measure Log Plot softkey, and then the
Meas Setup key, or select the Uoper Li mt screen field in the configuration

screen. See Figure 2-1 on page 11.
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What You Will Find in This Chapter

This chapter contains the SCPI commands used with the Phase Noise
Measurement Personality.

Some familiarity with the SCPI language is necessary to run these commands
properly. A copy of all four volumes of the SCPI Standard can be obtained through
the SCPI Consortium. For more information, visit their web site at

WWW.SCPi consortium.org/scpistandard.htm.

Table 4-1 on page 4-33 contains the SCPI commands used with the Phase Noise
Measurement Personality. A French brace notation { } is used in some casesto
show the allowed set of values. The square brace notation [ ] is used for default
SCPI nodes.

Before any measurement is performed, it isimportant to use the corresponding
[SENSe]commands to set the desired configuration parameters. For example, to
set the carrier frequency to 50 MHz and the span to 1 MHz the user would type:

FREQ:CARR 50e6;
FREQ:SPAN 1e€6;

For each measurement there is a MEA Sure group of commands that allows the
user to control the measurement process in varying degrees. MEASure:<MEAS>?
(where <MEAS> isthe SCPI command for the desired measurement) performsthe
complete process where the analyzer is configured, a measurement is performed
and the specified results are returned.

When more control of the measurement is required, combining the
CONFigure:<MEAS>? and READ:<MEAS>? commands is equivalent to the
MEASure:<MEAS>? command, but with more flexibility. The analyzer’s
configuration is performed with the CONFigure:<MEAS>? command, and the
READ:<MEAS>? command runs the measurement and returns the requested
value.

Furthermore, the same effects of the READ:<MEAS>? command can be obtained
by combining the INITiate:[IMMediate] and FETCh:<MEAS>? commands.
INITiate:[IMMediate] takes care of the data acquisition while FETCh:<MEAS>?
functions on a single set of acquired data.

It is important to make sure that the SCPI commands allow enough time for the
measurement to produce a result, otherwise you might experience time-out errors.
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Commands and Descriptions

Table4-1 SCPI Commands
Command Description
:CONFigure:LPLot Configure Log Plot Measurement
:CONFigure:SETup Enter Setup Screen
:CONFigure: SFRequency Configure Spot Frequency Measurement

:FETCh:LPLot?

Return noise level at selected spot frequency from
log plot measurement

:FETCh:RMS?

Return RMS value in radians and degrees

:FETCh:SFRequency?

Return noise level at selected spot frequency

:INSTrument [:SELect] {'SA’PNOISE™}

Change between SA modes and Phase Noise

:INSTrument:NSEL ect { #}

Select mode by number (Phase Noise = 14)

:MEASure:LPLot? Measure noise level at selected spot frequency in
log plot measurement

:MEASuUreRMS? Measure RMS value in radians and degrees

:MEA Sure: SFReguency? Measure noise level at selected spot frequency

‘READ:LPLot? Return noise level at selected spot frequency log
plot measurement

‘READ:RMS? Return RMS value in radians and degrees

:READ:SFRequency?

Return noise level at selected spot frequency

[:SENSe] :FILTer { NONE|MEDium|MAXimum}

Set/Query degree of data filtering®

[:SENSg] :FREQuency:CARRier

Set/Query carrier frequency?

[:SENSe] :FREQuency:L OWer

Set/Query lower frequency limit for RMS

[:SENSe] :FREQuency:MAXOFFSETP

Set/Query maximum frequency offset?

[:SENSe] :FREQuency:MI NOFFSET?

Set/Query minimum frequency offset?

[:SENS¢] :FREQuency:SPAN

Set/Query span?®
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Table 4-1 SCPI Commands
Command Description
[:SENSe] :FREQuency:SFRequency Set/Query Spot Frequency
[:SENSe] :FREQuency:UPPer Set/Query upper frequency limit for RMS
[:SENSe] :RLEVe { REF20|REF30|REF40|REF50} Set/Query reference level?
[:SENSe] :STRack { ON|OFF} Set/Query signal tracking?
[:SENSe] :SMOoth { NONe|TWO|FOUR|EIGHL|SIXTeen} | Set/Query smoothing of data
[:SENSe] :SFRequency:AV ERage: COUNt Set/Query average count for the spot frequency
measurement
[:SENSe] :SFRequency:AVERage:[STATe] Set/Query average on/off for the spot frequency
[:SENSe] :SFRequency:AV ERage: TCONtrol{ EXP|REP} Set/Query average time control

a. If these commands are used to set new parameter values whileinside the log plot measurement,
the measurement must be restarted using the :MEAS:LPL or :CONF:LPL command to get
results with the new parameter values.

b. This SCPI command has no short form.

34

Chapter 4




5

If You Have A Problem




Signal
Disappears
During
Measurement

Repeated
Measurements
have Different
Results

Measured Value
or Noise Floor is
not Correct

If You Have a Problem

If You Have a Problem

If the output frequency of the device under test is sensitive to changes in match,
such as an unbuffered oscillator, the signal may disappear during the measurement
process. The input attenuation, and therefore the input match, of the spectrum
analyzer is varied during the measurement process. A buffer (attenuation and/or
amplification) between the device and the spectrum analyzer may be required.

If you make the same phase hoise measurement several times and the results keep
changing, either getting better or getting worse, it may be because the signal is
drifting and the rate of drift is changing. It may be possible to measure a drifting
signal, but the phase noise can appear either higher or lower than it actualy is,
depending on the direction of the drift. This effect isusually more noticeable when
the deviceisfirst turned on.

A signal with aconstant drift rate will have arepeatable, but incorrect, phase noise
plot. Drift can easily be verified by making a spot frequency measurement which
does not track drift.

The system noise floor is affecting the measurement. It must be checked with a
clean source for the frequency offsets being examined, such as an Agilent 8662A
or 8663A. Set the source frequency the same as the signal to be tested, since the
system phase noise is afunction of the spectrum analyzer center frequency. Do
NOT usetheinternal calibrator to find the noise floor because phase noise
cancellation will occur. Thiswill make the noise floor appear to be lower than it
actualy is.

Phase noise measurements made in the bottom 1 % divisions of the display will not
be as accurate as the remainder of the display. If measurements are occurring in the
bottom 1 % divisions, the reference level (underQbefig softkey) should be
decreased (made more negative).

The phase noise can appear to be either higher or lower than it actually is. When
signal tracking is on, a slowly drifting signal will be tracked during a log plot
measurement. The maximum drift rate will depend on settings such as minimum
offset frequency and the amount of averaging. Depending on the direction of drift,
the phase noise will appear either higher or lower than it actually is.
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Log Plot
Measurement
has Unexpected
Discontinuities

Figure5-1

If You Have a Problem

Discontinuitieslike those shown in Figure 5-1 can occur if the minimum frequency
offset isless than the residual FM of the signal. The utility makes alog plot
measurement in ten successive sweeps. If the signal has enough residual FM that
the resol ution bandwidth misses the peak on some of the sweeps, the measured
power will beincorrect and the trace will have discontinuities.

Unexpected Discontinuities
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If You Have a Problem

Agilent Technologies Sales and Service Offices

UNITED STATES

Instrument Support Center
Agilent Technologies, Inc.
(800) 403-0801

EUROPEAN FIELD OPERATIONS

Headquarters

Agilent Technologies S.A.
150, Route du Nant-d’Avril
1217 Meyrin 2/ Geneva
Switzerland

(41 22) 780.8111

Great Britain

Agilent Technologies Ltd.

Eskdale Road, Winnersh Triangle
Wokingham, Berkshire RG41 5DZ
England

(44 118) 9696622

France

Agilent Technologies France

1 Avenue Du Canada

Zone D’Activite De Courtaboeuf
F-91947 Les Ulis Cedex
France

(331) 69 82 60 60

Germany

Agilent Technologies GmbH
Agilent Technologies Strasse
61352 Bad Homburg v.d.H
Germany

(49 6172) 16-0

INTERCON FIELD OPERATIONS

Headquarters

Agilent Technologies Company
3495 Deer Creek Rd.

Palo Alto, CA 94304-1316
USA

(650) 857-5027

Japan

Agilent Technologies Japan, Ltd.
Measurement Assistance Center
9-1, Takakura-Cho, Hachioji-Shi,
Tokyo 192-8510, Japan

TEL (81) -426-56-7832

FAX (81) -426-56-7840

China

China Agilent Technologies Co.
38 Bei San Huan X1 Road
Shuang Yu Shu

Hai Dian District

Beijing, China

(86 1) 256-6888

Australia

Agilent Technologies
Australia Ltd.

31-41 Joseph Street
Blackburn, Victoria 3130
(61 3) 895-2895

Singapore

Agilent Technologies Singapore
(Pte.) Ltd.

150 Beach Road

#29-00 Gateway West
Singapore 0718

(65) 291-9088

Canada

Agilent Technologies (Canada) Ltd.
17500 South Service Road
Trans-Canada Highway

Kirkland, Quebec H9J 2X8
Canada

(514) 697-4232

Taiwan

Agilent Technologies Taiwan
8th Floor, H-P Building

337 Fu Hsing North Road
Taipei, Taiwan

(886 2) 712-0404
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Numerics

16% AV G softkey, 26
2% AV G softkey, 26
4% AV G softkey, 26
8% AV G softkey, 26

A
averaging, 17, 29

C

CARRIER FREQ softkey, 26
center frequency, 26
compatibility, 2

config screen, 26

copying the utility to memory, 5

D

description of starting, 15
drifting signals, 21, 30

E
equipment required, 2

F

FILTER TRACE softkey, 27
filtering, 17

frequency
offset, 27, 28
frequency offset limitations, 21

H
help menu, 26

I
installing the utility, 5

L

log plot measurement, 28
log plot measurements, 16

log plot menu, 26

M

MAX OFFSET softkey, 27
maximum offset frequency, 21
measure log plot menu, 26
MEASURE LOG PLOT softkey, 28
MEASURE SPOT FREQ softkey, 28
measure spot frequency menu, 26
MIN OFFSET softkey, 28

minimum offset frequency, 21

N

noise floor
checking, 21

o

offset frequency, 27, 28
offset limitations, 21
offsets 1 MHz, 21

P

parameters, 26

phase noise measurement, 28

phase noise measurement information, 22
phase noise softkeys, 26

PLOT ALL softkey, 29

PLOT TRACE B softkey, 29
PLOTTRACE A softkey, 29

PRINT BW softkey, 29

PRINT COLOR softkey, 29

R
RMS phase noise, 16

S

SET SPAN softkey, 26

SET SPOT FRQ softkey, 30
signal tracking, 30

single frequency measurement, 28
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single frequency measurements, 16
single frequency menu, 26
SMOOTH TRACE softkey, 30
smoothing, 17

amount of, 26
spot frequency measurement, 28
spot frequency measurements, 16
spot frequency menu, 26
starting the utility, 15
system noise floor, 21

T

trace averaging, 29

tracking the signal, 30

TURN OFF SIG TRK softkey, 30
TURN OFF TRC AV G softkey, 29
TURN ON SIG TRK softkey, 30

TURN ON TRC AV G softkey, 29

U

UPPER LIMIT softkey, 26
URL

firmware, iii

transmitter tester updates, iii
using the utility, 15, 16

\Y
video filtering, 27

w

website
firmware updates, iii
transmitter tester updates, iii
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