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Notice

The information contained in this document is subject to change without
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Agilent Technologies makes no warranty of any kind with regard to this
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its software on equipment that is not furnished by Agilent Technologies.
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Software License
Terms

The following terms govern your use of the enclosed software programs
("Software") unless you have a separate written agreement with Agilent
Technologies.

License Grant

Agilent Technologies grants you a license to Use one copy of the version of
the Software identified in your documentation on any one product. "Use"
means storing, loading, installing,executing or displaying the Software. You
may not modify the Software or disable any licensing or control features of
the Software. Additional coppies of the software may be used for the sole
purpose of viewing previously measured data.

Ownership

The Software is owned and copyrighted by Agilent Technologies or its third
party licensors. Your license confers no title or ownership in the Software
and should not be construed as a sale of any rights in the Software. Agilent
Technologies' third party licensors may protect their rights in the event of
any violation of these terms.

Copies and Adaptations

You may only make copies or adaptations of the Software for archival
purposes or when copying or adaptation is an essential step in the authorized

Use of the Software

You must reproduce all copyright notices in the original Software on all
authorized copies or adaptations. You may not copy the Software onto any
bulletin board or similar system.

No Disassembly or Decryption

You may not disassemble, decompile or decrypt the Software unless Agilent
Technologies' prior written consent is obtained. In some jurisdictions,
Agilent Technologies' consent may not be required for disassembly or
decompilation. Upon request, you will provide Agilent Technologies with
reasonably detailed information regarding any disassembly or
decompilation.

Transfer

Your license will automatically terminate upon any transfer of the Software.
Upon transfer, you must deliver all copies of the Software and related
documentation to the transferee. The transferee must accept these License
Terms as a condition to the transfer.
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Third Party Software

Software may include third party software. Those third parties may protect
their rights in the event of any violation of these License Terms.
Termination

Agilent Technologies may terminate your license upon notice forfailure to
comply with any of these License Terms. Upon termination, you must
immediately destroy the Software, together with all copies, adaptations and
merged portions in any form.

Export Requirements

You may not export or re-export the Software or any copy or adaptation in
violation of any applicable laws or regulations.

iv Agilent Technologies E5500 Phase Noise Measurement System



What You'll Find in This Manual...

® Chapter 1, “Getting Started with the Agilent Technologies E5500 Phase
Noise Measurement System”

® Chapter 2, “Welcome to the HP E5500 Phase Noise Measurement
System Series of Solutions”

® Chapter 3, “Your First Measurement”

® Chapter 4, “Phase Noise Basics”

® Chapter 5, “Expanding Your Measurement Experience”
¢ Chapter 6, “Absolute Measurement Fundamentals”

® Chapter 7, “Absolute Measurement Examples”

® Chapter 8, “Residual Measurement Fundamentals”

® Chapter 9, “Residual Measurement Examples”

® Chapter 10, “FM Discriminator Fundamentals”

® Chapter 11, “FM Discriminator Measurement Examples”
® Chapter 12, “AM Noise Measurement Fundamentals”

® Chapter 13, “AM Noise Measurement Examples”

® Chapter 14, “Baseband Noise Measurement Examples”
® Chapter 15, “Evaluating Your Measurement Results”

® Chapter 16, “Advanced Software Features”

® Chapter 17, “Error Messages and System Troubleshooting”
® Chapter 18, “Reference Graphs and Tables”

® Chapter 19, “Connect Diagrams”

® Chapter 20, “System Specifications”

® Chapter 21, “Phase Noise Customer Support”

¢ Appendix A, “Connector Care and Preventive Maintenance”

Agilent Technologies E5500 Phase Noise Measurement System v



Software

Media

Notice of Warranty
Claims

Limitation of
Warranty

Exclusive Remedies

Assistance

Limited Warranty

Agilent Technologies warrants that the software will perform substantially
in accordance with the written materials for a period of one (1) year from the
date of receipt.

Agilent Technologies does not warrant that the operation of the software will
be uninterrupted or error free. In the event that this software product fails to
execute its programming instructions during the warranty period, the
customer’s remedy shall be to return the media to Agilent Technologies for
replacement. Should Agilent Technologies be unable to replace the media
within a reasonable amount of time, Customer’s alternate remedy shall be a
refund of the purchase price upon return of all copies of the software.

Agilent Technologies warrants the media upon which this product is
recorded to be free from defects in materials and workmanship under normal
use for a period of one (1) year from the date of purchase. In the event any
media prove to be defective during the warranty period, Customer’s remedy
shall be to return the media to Agilent Technologies for replacement. Should
Agilent Technologies be unable to replace the media within a reasonable
amount of time, Customer’s alternate remedy shall be a refund of the
purchase price upon return of the product and all copies.

Customer shall notify Agilent Technologies in writing of any warranty claim
not later than thirty (30) days after the expiration of the warranty period.

Agilent Technologies makes no other express warranty, whether written or
oral, with respect to this product.

Any implied warranty of merchantability or fitness is limited to one (1) year
duration of this written warranty.

This warranty gives specific legal rights, and Customer may also have rights
which vary which vary from state to state, or province to province.

The remedies provided above are Customer’s sole and exclusive remedies.
In no event shall Agilent Technologies be liable for any direct, indirect,
special, incidental, or consequential damages (including lost profit) whether
based on warranty, contract, tort, or any other legal theory.

For assistance, call your local Agilent Technologies Sales and Service
Office (refer to"Service and Support” on page -Vii
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Service and Support

Any adjustment, maintenance, or repair of this product must be performed
by qualified personnel. Contact your customer engineer through your local
Agilent Technologies Service Center. You can find a list of Agilent
Technologies Service Centers on the web at

http://www.agilent.com/find/tmdir

If you do not have access to the Internet, one of these Agilent Technologies
centers can direct you to your nearest Agilent Technologies representative:

United States: Agilent Technologies Company
Test and Measurement Call Center
PO Box 4026
Englewood, CO 80155-4026
(800) 452 4844 (toll-free in US)

Canada: Agilent Technologies Canada Ltd.
5150 Spectrum Way
Mississauga, Ontario L4W 5G1
(905) 206 4725

Europe: Agilent Technologies European Marketing Centre
Postbox 999
1180 AZ Amstelveen
The Netherlands
(31 20) 547 9900

Japan: Yokogawa-Agilent Technologies Ltd.
Measurement Assistance Center
9-1, Takakura-Cho, Hachioji-Shi
Tokyo 192, Japan
(81) 426 56 7832
(81) 426 56 7840 (FAX)

Latin America: Agilent Technologies Latin American Region
Headquarters
5200 Blue Lagoon Drive, 9th Floor
Miami, Florida 33126, U.S.A.
(305) 267 4245
(305) 267 4288 (FAX)

Australia/New Agilent Technologies Australia Ltd.
Zealand: 31-41 Joseph Street

Blackburn, Victoria 3130

Australia

1 800 629 485 (toll-free)

Asia-Pacific: Agilent Technologies Asia Pacific Ltd.
17-21/F Shell Tower, Times Square
1 Matheson Street, Causeway Bay
Hong Kong
(852) 2599 7777
(852) 2506 9285 (FAX)
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What You'll Find in This Chapter...

® Introduction, page 1-2

® Training Guidelines, page 1-3
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Getting Started with the Agilent Technologies E5500 Phase Noise
Measurement System

NOTE

NOTE

Introduction

The table on the right-hand pagi&ining Guidelines, page 1-3) will help
you first learn about, then use the E5500 phase noise measurement system.
The following three areas are covered in this manual:

® Leaning about the E5500 phase noise measurement system
® Learning about phase noise basics and measurement fundamentals.

® Using the phase noise measurement system to make specific phase noise
measurements.

Installation information for your system is provided in the E5500
Installation Guide.

For application assistance, contact you local Agilent Technologies sales
representative.
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Getting Started with the Agilent Technologies E5500 Phase Noise
Measurement System

Training Guidelines

Table 1-1 Training Guidelines

Learning about the E5500 Phase
Noise System

Learning about Phase Noise
Basics and Measurement
Fundamentals

Using the E5500 to Make Specific
Phase Noise Measurements

Chapter 2, “Welcome to the
E5500 Phase Noise Measurement
System Series of Solutions”

Chapter 3, “Your First Measurement”

Chapter 4, “Phase Noise Basics”

Chapter 5, “Expanding Your
Measurement Experience”

Chapter 6, “Absolute Measurement
Fundamentals”

Chapter 7, “Absolute Measurement
Examples”

Chapter 8, “Residual Measurement
Fundamentals”

Chapter 9, “Residual Measurement
Examples”

Chapter 10, “FM Discriminator
Fundamentals”

Chapter 11, “FM Discriminator
Measurement Examples”

Chapter 12, “AM Noise Measurement
Fundamentals”

Chapter 13, “AM Noise Measurement
Examples”

Chapter 14, “Baseband Noise
Measurement Examples”

Chapter 15, “Evaluating Your
Measurement Results”

Chapter 16, “Advanced Software
Features”

Chapter 17, “Error Messages and
System Troubleshooting”

Chapter 18, “Reference Graphs and
Tables”
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Welcome to the Agilent Technologies E5500
Phase Noise Measurement System Series of
Solutions

What You'll Find in This Chapter...

¢ Introducing the Graphical User Interface, page 2-2

® System Requirementspage 2-4
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Welcome to the Agilent Technologies E5500 Phase Noise Measurement
System Series of Solutions

Introducing the Graphical User Interface

The graphical user interface gives the user instant access to all measurement
functions making it easy to configure a system and define or initiate
measurements. The most frequently used functions are displayed as icons on
a toolbar, allowing quick and easy access to the measurement information.

The forms-based graphical interaction helps you define your measurement
quickly and easily. Each form tab is labeled with its content, preventing you
from getting lost in the define process.

Three default segment tables are provided. To obtain a quick look at your
data, select the “fast” quality level. If more frequency resolution to separate
spurious signals is important, the ‘normal’ and “high resolution” quality

levels are available. If you need to customize the offset range beyond the
defaults provided, tailor the measurement segment tables to meet your needs
and save them as a “custom” selection.

You can place up to nine markers on the data trace, that can be plotted with
the measured data.

Other features include:

® Plotting data without spurs

® Tabular listing of spurs

® Plotting in alternate bandwidths
® Parameter summary

¢ Color printouts to any supported color printer
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Welcome to the Agilent Technologies E5500 Phase Noise Measurement
System Series of Solutions

Confidence Test using HP 8663A Int vs Ext 10 MHz - HP E5500 Phase Hoise Measurement Subsystem !EI
Filz Edit Yiew Define Measure Analyze System  Help

n[==] 83 ¢ Kele] x|E] g of o
Confidence Test using HP 86634 Int ws Ext 10 MHz

47 Ral 1087 17:12:44 - 17:20:55
T T T T

HP ESS00 Carrier: 10E+6 He
T — T T T

[+ Couple Graph Type to Measurement Type

— Offzet Frequency Range
100 | N Ja]
-H0 Start Offset [10 Hz Stop Offset [2E+5 Hz
=120
-130) ..
140E FFT Analyzer Minimum Mumber of Averages |4
=150 . 5
140 — FFT Quiality Define Custam Segment Table
gy — E— L e " Marmal * Fast " High Resolution ¢ Custom FFT
10 100 1
Lt — Swept Quality
A new measurement haz been loaded into the serve ' Namal 5 Fast  High Resoluion € Custom Simept |
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Welcome to the Agilent Technologies E5500 Phase Noise Measurement
System Series of Solutions

System Requirements

In case you want a quick review of the system requirements, we have listed
them here.

The minimum system requirements for the phase noise measurement
software are:

® Pentiunid microprocessor (100 MHz or higher recommended)
¢ 32 megabytes (MB) of memory (RAM)

¢ 1 gigabyte (GB) hard disk

® Super Video Graphics Array (SVGA)

¢ 2 additional 16-bit ISA slots available for the phase noise system
hardware.

o 1 for PC-Digitizer or VXI/MXI Interface
o 1for GPIB Interface Card

® Windows NT 4.00

® Windows NT 4.0 Service Pack 3

® Agilent/HP 82341C GPIB Interface Card
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Your First Measurement

What You'll Find in This Chapter...

® E5500 Operation; A Guided Tour, page 3-3
® Starting the Measurement Software page 3-4

® Making a Measurement, page 3-5
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Your First Measurement
Designed to Meet Your Needs

NOTE

As You Begin

As You Progress

Designed to Meet Your Needs

The Agilent E5500 phase noise measurement system is a high performance
measurement tool that enables you to fully evaluate the noise characteristics
of your electronic instruments and components with unprecedented speed
and ease. The phase noise measurement system provides you with the
flexibility needed to meet today’s broad range of noise measurement
requirements.

In order to use the phase noise system effectively, it is important that you
have a good understanding of the noise measurement you are making. This
manual is designed to help you gain that understanding and quickly progress
from a beginning user of the phase noise system to a proficient user of the
system’s basic measurement capabilities.

If you have just received your system, or need help with connecting the
hardware or loading software, refer to Installation Guide now. Once you
have completed the installation procedures presented in Installation Guide,
return to the following page to begin learning how to make noise
measurements with the system.

The “E5500 Operation; A Guided Tour” contains a step-by-step procedure
for completing a phase noise measurement. This measurement
demonstration introduces system operating fundamentals for whatever type
of device you plan to measure.

Once you are familiar with the information in this chapter, you will be ready
to startChapter 5, “Expanding Your Measurement Experienédter you

have completed “Expanding Your Measurement Experience”, you will want
to refer toChapter 15, “Evaluating Your Measurement Resuitshelp in
analyzing and verifying your test results.

As you become familiar with the operation of the phase noise system you
will need to refer to this guide less often. There may, however, be times
when you encounter problems while running your measurements. Problem
solving suggestions have been provided at the back of chapter 3 to help you
deal with conditions that can prevent the system from completing its
measurement.

3-2 Agilent Technologies E5500 Phase Noise Measurement System



Your First Measurement
E5500 Operation; A Guided Tour

E5500 Operation; A Guided Tour

This measurement demonstration will introduce you to the system’s
operation by guiding you through an actual phase noise measurement.

You will be measuring the phase noise of the Agilent/HP 70420A test set’s
internal noise source. (The measurement made in this demonstration is the
same measurement that is made to verify the system’s operation.)

As you step through the measurement procedures, you will soon discover
that the phase noise measurement system offers enormous flexibility for
measuring the noise characteristics of your signal sources and two-port
devices.

Required Equipment The equipment shipped with this system is all that is required to complete
this demonstration. (Refer to the E5500 Installation Guide if you need
information about setting up the hardware or installing the software.)

How to Begin Follow the set up procedures beginning on the next page. The phase noise
measurement system will display a setup diagram that shows you the correct
front panel cable connections to make for this measurement.
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Your First Measurement
Starting the Measurement Software

Starting the Measurement Software

1. Place the E5500 phase noise measurement software disk in the disc
holder and insert in the CD-ROM drive.

2. Click theStart button, point toPrograms, point toAgilent
Measurement Systemspoint toE5500 Phase Noisend then click
Measurement Client

Adminigtrative Tools [Comman]
L=} HP BASIC for Windows
HP I_0 Libraries

fS HF ES500 Phase Moise  # Aszset Contral Panels 4
ﬁ Azzet Manager
&> HP E5S00 Help

=, Master Link
Startup
_lm:__ Wriphp

WirZip

3
3
3
3
3
3
3
3

» HP ES500 Shutdown
£ HP ESS00 Urinstal

HF E5500 Web Page
@ Measurement Client
Find » SCPI Manual Client
Ll SCPIRemote Interface

Settings 4

Windows NT Wo

3. The following phase noise measurement subsystem dialog box appears.
Your dialog box may look slightly different.

!;Ei MeasFile.pnm - HP E5500 Phase Noize Measurement Subsystem

File Edit “iew Define Measure Analyze System Help

D|=(| &|r| Klelo] x|8] £ =@ of @ ¥
HP E5500 Absolute Phase Noise Measurement
o HPESSOD Camier SOOE+6Hz 2001907 16:3157-16:5%19

1 il 100 1K 10K 100K I 100
L) [dBc/Hz] ws £ [Hz]
A new measurement has been loaded into the server. |LoCaL [IoLE i
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Your First Measurement
Making a Measurement

Making a Measurement

This first measurement is a confidence test that functionally checks the
Agilent/HP 70420A test set’s filters and low-noise amplifiers using the test
set’s internal noise source. The phase detectors are not tested. This
confidence test also confirms that the test set, PC, and analyzers are
communicating with each other.

1. From theFile menu, chooseOpen.

Edit Wiew Define Meas

Save fz...
Ex=port Results 3

Frint... Chil+F
Frint Prewview
Frint Setup...

Send...

1 Confidence. pnm

2 FreeRF.pnm

3 MicroSRC. pnm

4 Residual pnm

B RFSynth_EFC.pnm
E Moize_1.pnm

7 Moize_2 pnm

8 Moize_3.pnm

Exit

2. If necessary, choose the drive or directory where the file you want is
stored.

3. IntheFile Namebox, chooseConfidence.pnm

Open 21=]
Lookjn: |53 HP E5500 =l o ==
Test Files @ DemotMode. pnm @ FFSynth_EFC.prr
Bband_no_tset.pnm @ FreeRF.pnm
Bband_tzet.pnm @ MeazFile. pnm

Conf_8E644E_10MHz.pnm @ MicroSRC. pnm
Conf_BEE34_10MHz.pnm @ Fiesidual pnm
|#] RFSynth_DCFM prm

1 | i

File name: IEonfidence.pnm Open I
Files of lpe: IHP E&500 Measurement Files (% prm) j Cancel |

Confidence. pnm;
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Your First Measurement
Making a Measurement

4. Click theOpenbutton.

The appropriate measurement definition parameters for this example
have been pre-stored in this filéable 3-1 on page 3-1lists the
parameter data that has been entered for the Agilent/HP 70420A
confidence test example.

5. To view the parameter data in the software,

a. From theDefine menu, choos&easurement then choose the
Sources tab from the Define Measurement window. The parameter
data is entered using the tabbed windows. Select various tabs to see
the type of information entered behind each tab.

!;Ei Confidence_pnm - HP E5500 Phase Noize Measurement Subsystem

File Edit “iew WM Measure Analyze Systerm Help

) i ] o] o ¥

Swept Segment T able

Type and Range  Sources | Cal I Block. Diagraml Test Setl Downconverterl Graph I

Absolute Phase Moise [using a phaze locked loop)

Hz Power I‘ID dBm

— Carrier Source

Frequency |[EEEE

Carrier Source Output is connected ta: & Test Set ' Downconverter
— Detector [nput
Frequency |1E+9 Hz
— Reference Source
Frequency |1E+9 Hz Power |1B dBm
—%C0O Tuning P.

Mominal Tune Constant |4DE+3 Hz /%ol Center Yoltage ID Walts

Tune Range +/- |1 1] WVolts Input Resistance |1 E+E Ohmg
I Ewimum &llowed Deyiation fram Center Yoliage I‘I wiolts

oo | |

6. Click theClosebutton.
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Your First Measurement
Making a Measurement

Beginning the 1. From theMeasurementmenu, choosélew Measurement

Measurement

!;Ei Confidence_pnm - HP E5500 Phase Noize Measuremen
File Edit “iew Define Spstem  Help

D|=|E| 2|

Analyze

b ment
Bepeat Measurement
Abort Measurement
Fieal-Time Monitor

v Clear Graph before measurement
v Pauze at Connect Diagram

2. When théDo you want to Perform a New Calibration and
Measurementdialog box appears, clickes

HP E5500 [X]

& Perfarm a Mew Calibration and Measurement?

Cancel |

3. When theConnect Diagramdialog box appears, connect the @0
termination, provided with your system, to the Agilent/HP 70420A test
set’s noise input connector. Refer‘tGonnect Diagram Example” on
page 3-&or more information about the correct placement of th&b0

termination.

HP E5500 Instrument Connections

Werify Connections
Aug 05, 1997 18:22:38

50Q
— termination

goes here.

OUTPUT|

(EIREIC o & more accurate drawing, select the comec

— Control Panel
EFT &nalyzer | Swept Saalizer | TestSet | Wowncanyerter | Bhiase Shifter |
[Earien Saumze | Eeference Saurze | Fresidua Saumze | [Calibration Source | Erequerncy Eounterl

— Tuning Yoltage

ID 3: - |2 -
Center Wolts  Range +/ WVolts ’WI Abort | el |

Figure 3-1 Setup Diagram Displayed During the Confidence Test.
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Connect Diagram
Example

Making the
Measurement

Your First Measurement
Making a Measurement

HP 70420A Standard Test Set

e 500
Termination
HP 70420A Opt. 001 Test Set
T 500

HP 70420A Option 201Test Set
TP 420 OFT 201 TEST ST 500

confid.cdr

1. Press th€ontinue key. Because you selected New Measurement to
begin this measurement, the system starts by running the routines
required to calibrate the current measurement setup.

Figure 3-2shows a typical baseband phase noise plot for an
Agilent/HP 70420A phase noise test set.
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Your First Measurement
Making a Measurement

!;Ei Confidence - HP ES500 Phase Moise Measurement Subsystem

File Edit “iew Define Measure Analyze System Help

D[] 8|r| Klelo] x|8] < @ of ] ¥

Confidence Test, HP 70420A Internal Noise Source

HF E5500
S o S R . E

R IEEEEEEE ERRRRCRLCE IECEERLEECLEEEE R EERE AEEECEEEEEEEEED brmmmmeneees -

09 Dec 1997 09:26:53 - 09:27:18

Faor Help, press F1

1K 10K 100K 1M 100
Lif) [dBe/Hz] vs £ [Hz]

[ozAL [IDLE 7

Figure 3-2 Typical Phase Noise Curve for an Agilent/HP 70420A Confidence Test

Sweep-Segments

Congratulations

To Learn More

When the system begins measuring noise, it places the noise graph on its
display. As you watch the graph, you will see the system plot its
measurement results in frequency segments.

The system measures the noise level across its frequency offset range by
averaging the noise within smaller frequency segments. This technique
enables the system to optimize measurement speed while providing you with
the measurement resolution needed for most test applications.

You have completed a phase noise measurement. You will find that this
measurement of the Agilent/HP 70420A test set’s internal noise source
provides a convenient way to verify that the system hardware and software
are properly configured for making noise measurements. If your graph looks
like that inFigure 3-2 you now have confidence that your system is
operating normally.

Now continue with this demonstration by turning@bapter 5, “Expanding
Your Measurement Experienc&’ learn more about performing phase noise
measurements.
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Table 3-1 Parameter Data for the Agilent/HP 70420A Confidence Test Example

Your First Measurement
Making a Measurement

Step Parameters Data
1 Type and Range Tab
Measurement Type « Baseband Noise (using a test set)
e Start Frequency e 10Hz
« Stop Frequency « 100 E + 6 Hz!
¢ Minimum Number of Averages « 4
FFT Quality * Fast
Swept Quality * Fast
2 Cal Tab
« Gain preceding noise input « 0dB
3 Block Diagram Tab
« Noise Source » Test Set Noise Input
4 Test Set Tab
Input Attenuation « 0dB
LNA Low Pass Filter e 20 MHz (Auto checked)
¢ LNA Gain ¢ Auto Gain (Minimum Auto Gain - 14 dB)
* DC Block » Not checked
¢ PLL Integrator Attenuation e 0dBm
5 Graph Tab
* Title » Confidence Test, Agilent/HP 70420A

* Graph Type

¢ X Scale Minimum

¢ X Scale Maximum

¢ Y Scale Minimum

¢ Y Scale Maximum

* Normalize trace data to a:

¢ Scale trace data to a new
carrier frequency of:

¢ Shift trace data DOWN by:
¢ Trace Smoothing Amount
« Power present at input of DUT

Internal Noise Source.
Base band noise (dBv/Hz)
10 Hz

100 E +6 Hz

0 dBv/Hz

- 200 dBv/Hz

1 Hz bandwidth

1 times the current carrier frequency
0dB

0

0dB

1. The Stop Frequency depends on the analyzers configured in your phase noise system.
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Phase Noise Basics

What You'll Find in This Chapter

® What is Phase Noise?page 4-2
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Phase Noise Basics
What is Phase Noise?

What is Phase Noise?

Frequency stability can be defined as the degree to which an oscillating
source produces the same frequency throughout a specified period of time.
Every RF and microwave source exhibits some amount of frequency
instability. This stability can be broken down into two components:

long-term stability
¢ short-term stability.

Long term stability describes the frequency variations that occur over long
time periods, expressed in parts per million per hour, day, month, or year.

Short term stability contains all elements causing frequency changes about
the nominal frequency of less than a few seconds duration. The chapter deals
with short-term stability.

Mathematically, an ideal sinewave can be described by
V(t) = Vpsin27fot
WhereVg = nominal amplitude,
Vosin27fot = linearly growing phase component,
andfg = nominal frequency
But an actual signal is better modeled by
V(t) = [Vo+ &(t)|sin2 ifot + A@(t)|
Where g(t) = amplitude fluctuations,
andA@(t) =randomly fluctuating phase term or phase noise.

This randomly fluctuating phase term could be observed on an ideal RF
analyzer (one which has no sideband noise of its own) &gjare 4-1

A

»
Ll

f f

grapha.cdr

Figure 4-1 RF Sideband Spectrum
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Phase Noise Basics
What is Phase Noise?

There are two types of fluctuating phase terms. The first, deterministic, are
discrete signals appearing as distinct components in the spectral density plot.
These signhals, commonly called spurious, can be related to known
phenomena in the signal source such as power line frequency, vibration
frequencies, or mixer products.

The second type of phase instability is random in nature, and is commonly
called phase noise. The sources of random sideband noise in an oscillator
include thermal noise, shot noise, and flicker noise.

Many terms exist to quantify the characteristic randomness of phase noise.
Essentially, all methods measure the frequency or phase deviation of the
source under test in the frequency or time domain. Since frequency and
phase are related to each other, all of these terms are also related.

One fundamental description of phase instability or phase noise is spectral
density of phase fluctuations on a per-Hertz basis. The term spectral density
describes the energy distribution as a continuous function, expressed in units
of variance per unit bandwidth. Thus Se(f) (Figure 4-2 on page 4-3) may

be considered as:

sa(f) = A@Prm(f) _ rad?

BW used to measurd¢rms Hz
Where BW (bandwidth is negligible with respect to any changeSgn
versus the fourier frequency or offset frequency (f).

Another useful measure of noise energy is L(f), which is then directly related
to Se(f) by a simple approximation which has generally negligible error if
the modulation sidebands are such that the total phase deviation are much
less than 1 radiarﬂ((ppk« radian).

L(f) = %sﬂq,(f)

Ad rms

0 Hz f

graphb.cdr

Figure 4-2 CW Signal Sidebands viewed in the frequency domain
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Phase Noise Basics
What is Phase Noise?

L(f) is an indirect measurement of noise energy easily related to the RF
power spectrum observed on an RF analyggure 4-3shows that the

National Institute Science and Technology (NIST) defines L(f) as the ratio

of the power (at an offsef) Hertz away from the carrier) The phase
modulation sideband is based on a per Hertz of bandwidth spectral density
and or offset frequency in one phase modulation sideband, on a per Hertz of
bandwidth spectral density aiff) equals the Fourier frequency or offset
frequency.

power density _in one phase modulation sideband Pssp
total signal power Ps

L(f) =

= single sideband (SSB) phase noise to carrier ration (per Hertz)

v

f _J f
le—f

graphd.cdr

Figure 4-3 DerivingL(f) from a RF Analyzer Display

L (f) is usually presented logarithmically as a spectral density plot of the
phase modulation sidebands in the frequency domain, expressed in dB
relative to the carrier per Hz (dBc/Hz) as showrfigure 4-4 This chapter,
except where noted otherwise, will use the logarithmic fornh §f) as
follows: Saf(f) = 2f2 L(f) .
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Phase Noise Basics
What is Phase Noise?

-100
-120

-140
-160

v

Offset from Carrier f

f
Single Sideband Phasenoise to Carrier Ratio (dBc/Hz)

graphe.cdr

Figure 4-4 L (f) Described Logarithmically as a Function of Offset Frequency

Caution must be exercised wheif) is calculated from the spectral density
of the phase fluctuationSy(f)  because the calculatior. ¢f) is
dependent on the small angle criteriigure 4-5 the measured phase noise

of a free running VCO described in units df(f) illustrates the erroneous
results that can occur if the instantaneous phase modulation exceeds a small
angle line. Approaching the carrie(f)  obviously increases in error as it
indicates a relative level of +45 dBc/Hz at a 1 Hz offset (45 dB more noise
power at a 1 Hz offset in a 1 Hz bandwidth than in the total power of the
signal); which is of course invalid.

Figure 4-5shows a 10 dB/decade line drawn over the plot, indicating a peak
phase deviation of 0.2 radians integrated over any one decade of offset
frequency. At approximately 0.2 radians the power in the higher order
sidebands of the phase modulation is still insignificant compared to the
power in the first order sideband which insures that the calculatiob @)
remains valid. Above the line the plot df (f)  becomes increasingly
invalid, andSg(f) must be used to represent the phase noise of the signal.
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Phase Noise Basics
What is Phase Noise?

40 ma ma T ma ma T m

|
F— -30dBc/H A
at1Hz —S(b(f )

2 (f) dBoMHz - S

80 —=Z(f ) valid o
~

Y
o
T T T 1 1

-10dB/decade —

NC —
\\%_‘

Ll L Ll L Ll L Ll L Ll L L \\I L Ll L I
10 100 1k 10k 100k 1M 10M

f Offset from Carrier (Hz)

Figure 4-5 Region of Validity ofL_(f)
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5 Expanding Your Measurement Experience

What You'll Find in This Chapter

® Testing the Agilent/HP 8663A Internal/External 10 MHz, page 5-10
(Conf_8663A_10MHz.pnm)

® Testing the Agilent/HP 8644B Internal/External 10 MHz, page 5-33
(Conf_8644B_10MHz.pnm)

® Manual Measurement
®* Viewing Markers, page 5-56
¢ Omitting Spurs, page 5-57

® Displaying the Parameter Summary page 5-59

CAUTION To prevent damage to the Agilent/HP 70420A test set’s hardware
components, the input signadust notbe applied to the signal input
connector until the input attenuator has been correctly set for the desired
configuration, as show imable 5-3 on page 5-1Apply the input signal
when theconnection diagramappears.
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Expanding Your Measurement Experience
Starting the Measurement Software

Starting the Measurement Software

1. Make sure your computer and monitor are turned on.

2. Place the Agilent E5500 phase noise measurement software disk in the
disc holder and insert in the CD-ROM drive.

3. Click theStart button, point toPrograms, point toAgilent
Measurement Subsystemgoint toE5500 Phase Noiseand then click
Measurement Client

Accessones

HPF YEE 4.0 RunTime
NI for 'wN32
Startup

ﬂ Command Prampt
@ ‘Windows MT Explarer

* v v ¥

Adminigtrative Tools [Common] — #
HP BASIC for windows v
& HPI_D Libraries »
F5 HF Measurement Sul ng ¥
3
3
3

fS HF ES500 Phase Moise  # Agset Control Panels — »
ﬁ Azzet Manager
&> HP E5S00 Help

Master Link
L=, Startup

Wriphp

» HP ES500 Shutdown
HF E5500 Web Page

@ Measurement Client
SCPI [Manual) Client
SCRI [LAN) Clisnt
£ Uninstall HP ES500

Windows NT

Shut Diown...
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Expanding Your Measurement Experience
Using the Asset Manager to Add a Source

Using the Asset Manager to Add a Source

The following procedure will configure both the Agilent/HP 70420A phase
noise test set and PC-digitizer so they can be used with the E5500A phase
noise measurement software to make measurements.

NOTE If you have ordered a preconfigured phase noise system from Agilent
Technologies, skip this step and proceedTiesting the Agilent/HP 8663A
Internal/External 10 MHz” on page 5-10

4. Click theSystemmenu, then clickAsset Manager

!;Ei HP E5500 Phase Hoise System Confider st - HP E5500 Phase Hoise Measurement Subsystem !E[ E
File Edit “iew Define Measure Analyze

D|=(d| 8|a] £ B[]0 g
HP E5500 Pl e ot
o HPIESSUUI —— . —— . Server Hardware Connections... 2 - |11:48i16| —

B LR eCn EECEEEECEEE P R TS
20~
30~
40
_soF
&0
70
-B0=---
=Ty I
-100fF- - -
-110
-120]
-130
-140]
-150F :
-1a0f-----43-91-

Select Measurement Server ...

Initiste Self Test

170 el
BEL S
-130
_annE P i s PR s PR s PR P
100 1K 10K 100K 1M 10M
10 100M
Sw(fy [ dBV /Hz] ws f [Hz]

Launch Asset Manager |LoCaL [IoLE i
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Expanding Your Measurement Experience
Using the Asset Manager to Add a Source

Configuring a Source

For this example we will use invoke the Asset Manager Wizard from within
the Asset Manager. This is the most common way to add assets.

5. Click Asset,and then clickAdd.

st N | 0| | o ¥
————  Properties — =
| Base Remove Property [ walue
3] Cour— Azzet Name:
Dow  Check Asset Interface:
FFT mraryzer Address:
Phaze Shifter Model Mumber:
s| Source Serial Mumber:
Swvept Analyzer ACM ID:
Test Set A.CM Filename:
[ HP-70420 Likwrary:
. Comment:
@I Time Base
Add a new asset to the curment server |Local Server i

6. From theAsset Typepull-down list, selecSource,then click theNext
button.

Choose Asset Role

*f'ou are now adding a new azzet. Fleasze select the role
you want for this asset:

Azzet Type: ﬂ
Counter -
Dawncaonverter —
FFT Analyzer
Phase Shifter l
Swept Analyzer hd

< Back I Mest » I Cancel Help
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Expanding Your Measurement Experience
Using the Asset Manager to Add a Source

7. Click on the source to be added (for example, the Agilent/HP 8663
sources)then click theNext button.

Choose Supporting ACM

“r'ou mugt select from the following list the source
model number pou want to uge.

If you do not gee the model number pou want to use,
you will need to install a new or updated Asset Control
Module. This can be done by inztaling an updated
werzion of the subsystem which supports pour device.

< Back I Mest » I Cancel | Help |

8. From thenterface pull-down list, selecGPIBO.

9. IntheAddressbox, typel9.19 is the default address for the
Agilent/HP 8663A sources, including the Agilent/HP 8662A, 8663A,
and 8644B.

10. In theLibrary pull-down list, select thélewlett-Packard VISA.
11. Click theNext button.

Select Interface and Address

*r'ou will now need to select the interface through which
you will talk to the asset and the azzet's address on that
interface:

Interface: |GFIBD =
Address: I‘IS

Library: I Hewlett Packard WI54 j

< Back I Mest » I Cancel | Help |

12. In theModel Number box, Agilent/HP 8663A (Agilent/HP-8663 will
appear as the defajlt
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13. In theSerial Number box, type the serial number for your sourick

the Next button.

*r'ou will need to enter your aszet's name and serial
humber:

Azzet Mame: IHP'3553

Serial Mumber [optionall: |281343

< Back I Mest » I Cancel | Help |

14. You may type a comment in this dialog box. The comment will
associate itself with the asset you have just configured. Clickithish

button.

Congratulations! Y'ou have added a new azzet to your
asset server. |If you would like, vou may enter an asset
comment far your own use.

Once you return to the main screen, you may alzo want
to perform an /0 check on this azzet. You can do this
by uzing the check mark icon.

'#/ite: & comment here.
Comment:

< Back I Finizh I Cancel Help
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15. You have just used the Asset Manager to configure a source. You will
use the same process to add other software controlled assets to the phase
noise measurement software.

€. Asset Manager

Server Asset Options  Help
S| ol x| | M| B K2
;‘l;] Bazehand Source Property | Walue
& | Counter Aszet Mame: HP-GEE3
Dowenconverter Interface: GPIBD
FFT &nalyzer Address: 19
Phase Shifter Model Mumber: HP-GEE3
| Sourc Setial Mumber: 251943
fo ACh D {0 EECEG3-9CH1-1100-80835-00A024603948
Sivept Analyzer ACM Fileriame: C/PROGRA~HPSLBS1HPESSO~1 HPEGES exe
Test Set I(_:lbrary:m. \;‘:'u\llﬂlrr;tpwsaSZdll i
T He-70420 omment: & & comment here.
@I Time Base
For Help, press F1 |Local Server i

16. click Server,and then clickexit to exit the Asset Manager.

et Manager
§ Azzet Options  Help
Connect Crl+C \fl [Ml &_Ml (Dl kg?l
Dizconnect Ctri+Dr
— Property | “alue
[ (e Azset Name: HP-GEE3
SaveFile Interface: GPRIBO
—— Address: 19
EN Macel Number: HP-3663
Source Serial Mumber: 281943
b HP. ACh D {D1EECEG3-9CE1-11D0-5088-004024603948}
Sivept Analyzer £CM Fileriame: CPROGRA~1HPSUBS~1 HPESS0~1 HPEEG3.exe
% Test Set I(_:ibrary:m. \;‘:'u\llﬂlrr;tpvisaSZdll i
T He-70420 omment: & & comment here.
@I Time Base
Quit the application |Local Server i

17. Next proceed to “Using the Server Hardware Connections to Specify an
Asset” on the next page.
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Using the Server Hardware Connections to
Specify the Source

1. From theSystemmenu, choos&erver Hardware Connections

!;Ei HP E5500 Phase Hoise System Confidence Test - HP E5500 Phase Hoise Measurement ... !E[ E
File Edit “iew Define Measure Analyze ul Help
Local
D[=S|E| 83| & K[E]o| ‘e I
Azzet Manager ...

HF E5500 Phase I Aszet Control Panels »

& Connections...

e e Select Measurement Server ... R

P N J R Initiste Self Test R =

100 1K 108 100K o 1080
" Swif) [dBV iHz] ws f [Hz] 100818

Edit hardware configuration on server |LDEAL |IDLE o

2. From theTest Setpull-down list, selechgilent/HP 8663.

HP E5500 Server Hardware Connections

Sources | Other Hardware

— Camier Source————————————————— - Reference Source—————————————
2 | =
— Residual Source = (imetiase

— Calibration Source—————————
ch?ﬁkl I[manual] 'l
= Sl ave Source

Slawve Sauree Bart
ch?ﬁkl I[none] VI L), L

\ El I [manual] j El I [none] j

Aszzet Manager |

Cloze | Help |

3. Agreen check-mark will appear after the I/O check has been performed
by the software. If a green check-mark does not appear, clicEtieek
I/O button.
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HP E5500 Server Hardware Connections EHE
Saurces | Other Hardware I
— Camier Source————————————————— - Reference Source—————————————
E I [manual] l hfﬁl I [manual] l
— Residual Source = (imetiase
check tffesh
1707 | manual] e i/ |inone] e
— Calibration Source
v
= Sl ave Source
Slawve Sauree Bart
ch?ﬁkl I[none] VI L), L
Aszzet Manager |
Cloze | Help |

a. Ifared circle with a slash appears, return to the Asset Manager
(click the Asset Managerbutton) and verify that the Agilent/HP
8663A is configured correctly.

b. Check your system hardware connections.

c. Click the green check-mark button on the asset manager’s tool bar to
verify connectivity.

Server  Aszet  Options

<i|@] o] _| ml-| o ¥ (

d. Return to “Server Hardware Connections” and click@meck I/0
button for a re-check.

4. Next proceed to one of the following absolute measurements using
either an Agilent/HP 8663A or an Agilent/HP 8644B source:

o Testing the Agilent/HP 8663A Internal/External 10 MHz,
page 5-10

o Testing the Agilent/HP 8644B Internal/External 10 MHz,
page 5-33
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CAUTION

NOTE

Testing the Agilent/HP 8663A Internal/External
10 MHz

This measurement example will help you measure the absolute phase noise
of an RF synthesizer.

To prevent damage to the Agilent/HP 70420A test set’s hardware
components, the input signaust notbe applied to the signal input
connector until the input attenuator has been correctly set for the desired
configuration, as show imable 5-3 on page 5-1Apply the input signal
when the Connection Diagram appears.

The following equipment is required for this example in addition to the
phase noise test system and your unit-under-test (UUT).

To ensure accurate measurements, you should allow the UUT and
measurement equipment to warm up at least one hour before making the
noise measurement.

Table 5-1 Required Equipment for the
Agilent/HP 8663A 10 MHz

Measurement
Equipment Quantity Comments
Agilent/HP 8663A 1 Refer to the “Selecting a

Reference” section of this chapter
for more information about
reference source requirements

Coax Cables And adequate adapters to connect
the UUT and reference source to
the test set.
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Expanding Your Measurement Experience
Testing the Agilent/HP 8663A Internal/External 10 MHz

1. From theFile menu, choos®©pen.

Edit Wiew Define Meas

Ex=port Results 3

Frint... Chil+F
Frint Prewview
Frint Setup...

Send...

1 Confidence. pnm

2 FreeRF.pnm

3 MicroSRC. pnm

4 Residual pnm

B RFSynth_EFC.pnm
E Moize_1.pnm

7 Moize_2 pnm

8 Moize_3.pnm

Exit

2. If necessary, choose the drive or directory where the file you want is
stored.

3. IntheFile Namebox, choose Conf_8663A_10MHz.pnni.

NOTE

Open 21=]
Lok in: Ia Test Files j gl
Conf_10MHz.pnm @ Fiesidual pnm

Conf_8E644E_10MHz.pnm @ FFSynth_DCFM. pnm

Conf_86634_10MHz prm NI Ral A e o
Confidence. pnm @ StableRF.pnm
FreeRF.pnm
MicroSRC. pnm
File name: IEonf_SBB?A_‘I OkHz. prm Open I

Filez of type: IHP EB500 Measurement Files [*. pnm) j Cancel |

4. Click theOpenbutton.

The appropriate measurement definition parameters for this example
have been pre-stored in this filéable 5-4, “Parameter Data for the
Agilent/HP 8663A 10 MHz Measurement,” on page 5431s the
parameter data that has been entered for this measurement example.)

Note that the source parameters entered for stepralite 5-4may not be

appropriate for the reference source you are using. To change these values,

refer toTable 5-2 on page 5-1#hen continue with step “a”. Otherwise, go
to “Beginning the Measurement” on page 5:16
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Testing the Agilent/HP 8663A Internal/External 10 MHz

= Measurement...
— Limit Lines...
Security Level...

EFT Segment Takle

Sweept Segment Table

(WS hMeasure  Analyze System  Help

a. From theDefine menu, choos&leasurement;then choose the

Sourcestab from theDefine Measurementwindow.

b. Enter the carrier (center) frequency of your UUT (5 MHz to 1.6
GHz). Enter the same frequency for the detector input frequency.

a o

Enter the Tune Range of VCO (s&able 5-3.
e. Enterthe Center Voltage of VCO (s€able 5-3.
f. Enter the Input Resistance of VCO (skable 5-3.

!;Z-" “onfidence Test using HP 3663A Int vs Ext 10 MHz - HP E5500 Phase Hoise Measureme... !E[ E
File Edit ‘iew

xJel g o] ol 5 ]

HP E5500 [ 7]x]
Type and Range  Sources | Cal I Block. Diagraml Test Setl Downconverterl Graph I
Absolute Phase Moise [using a phaze locked loop)
—Eamer Source———
< Frequency I Hz Power I? dBm
Carrier Source Output is connected ta: & Test Set ' Downconverter
— Detector Input Frequency Fieference Source
|1UE+5 Hz ’7 Frequency |1UE+B Hz Power |15 dBm
Detector Input Frequency = Reference Source Frequency multiplied by [ |1 ! |1 ]
o

~YCO Tuning P
mﬁfune Constant |1 E+3 Hz #¥alt Center Yoltage IU Wolts

The Tune Range iz within the: limits of
from +/-0.20 to +/-10.00 Yalts,
az required by the current Center Yoltage setting.

Prezet |

Tune Range +/- |1 0 WVolts Input Resistance IBDD Ohmg
I Ewimum &llowed Deyiation fram Center Yoliage I‘I T

Enter the VCO (Nominal) Tuning Constant (Sesble 5-3.

Cloze

Help |

Table 5-2 Tuning Characteristics for Various Sources

. . Center . Input Tuning
VCO Source CFarr:er Tunln%HC;(/J\r;)s tant Voltage V(gg?eezur |\r/1§; Resistance Calibration

q: ) ge (= Q) Method

Agilent/HP 8662/3A

EFC Ug SE-9xu, 0 10 1IE+6 Measure
DCFM FM Deviation 0 10 1 K (8662) Compute
600 (8663) Compute
Agilent/HP 8642A/B FM Deviation 0 10 600 Compute
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. . Center . Input Tuning
VCO Source CFarr:er Tunlng(]H(?/)\?)s tant Voltage V(;:t:r?ee'l'(u_’r_\ I\r;? Resistance Calibration
q: ) ge (= Q) Method
Agilent/HP 8644B FM Deviation 0 10 600 Compute
Other Signal
Generato r FM Deviation 0 10 Rin Compute
DCFM Calibrated for
1V
Other User VCO Estimated within a -10to 1E+6 Measure
Source factor of 2 +10

Selecting a Reference 1. From theDefine menu, choosdeasurement;then choose thBlock
Source Diagram tab from theDefine Measurementwindow.

2. From theReference Sourceull-down list, selecHP-8663

_;Z-' Confidence Test using HP §663A Int vs Ext 10 MHz - HP E5500 Phase Hoise Measureme... [I[=] E3

File Edit ‘iew
||| cEE »|

———— — LimitLines..

Security Level...

GEM Measure  Analyze System  Help

|| =1 o] @

EFT Segment Takle HP E5500 ﬂ E

Sweept Segment Table .
_ Typeand Hangel Sourcesl Cal Block Diagram | Test Setl Downconverterl Graph I

Absolute Phase Moise [using a phaze locked loop)

s Phase Detector
I[none] ’7 IAutomatic Detector Selection j
' None
£ System Cornbrol
 Marwal
" Egternal Test Set Tune Voltage
 Reference Source ] IFant Panel 'l
etk [ ] Destination [Ret 5 |
1o | (marual) ‘-\{ estination | Reference Source
; b VL0 Tune Mode
= (imetiase
oo 7\/ C oo, & DCFM
ﬂl I[none] Reference Source—————————————

(

Aszzet Manager | Frezet |
Cloze | Help |

3. When you have completed these operations, cliciCliesebutton
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Testing the Agilent/HP 8663A Internal/External 10 MHz

Selecting Loop
Suppression

Verification 2.

from theDefine Measurementwindow.

1. From theDefine menu, choos&leasurement;then choose th€al tab

In theCal dialog box, checWk/erify calculated phase locked loop

supressionandAlways Show Suppression GraphSelectf limit is

exceeded: Show Loop Suppression Graph

!;Ei Confidence Test using HP 8663A Int vs Ext 10 MHz - HP E5500 Phase Hoise Measureme... !E[ E

File Edlit 'iews gl

D[=(=] &

Limit Lines...

Security Level...

EFT Segment Takle

Sweept Segment Table

M Messure  Analyze System  Help

|| =1 o] @

%

HP E5500
Type and Hangel Sources  Cal | Block. Diagraml Test Setl Downconverterl Graph I

Absolute Phase Moise [using a phaze locked loop)

Phase Detector Constant
" Use curent phase detectar constant
' Measure phase detector constant

Current Phaze Detector Constant |4?BE-3 Wolts / Radian

%CO Tune Constant

' Use current YCO tune constant

' Measure YO tune constant

& Calculate from expected YCO tune constant using tune port resistance
Current %CO Tune Constant 9231 Hz /Walt

Expected ¥CO Tune Constant |923.1 Hz /%ol

Phase Locked Loop Suppression

v erify calculated phase locked loop suppression W ilways Show Suppression Graph

b aximum Suppreszion Error Limit |1 dB

If Limit i exceeded: ' Use thearstical values ¢ Use adjusted values <% Shaw Suppression Grap

Prezet |

Cloze

Help |

Setup Considerations
for the

Agilent/HP 8663A

10 MHz Measurement

Measurement Noise Floor

When you have completed these operations, cliciCliesebutton

The signal amplitude at the R input (Signal Input) port on the
Agilent/HP 70420A sets the measurement noise floor level. Use the
following graph to determine the amplitude required to provide a noise floor

level that is below the expected noise floor of your UUT. For more
information about this graph, refer @hapter 18, “Reference Graphs and
Tables”
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Figure 5-1 Noise Floor for the Agilent/HP 8663 10 MHz Measurement
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!;Ei Externally loaded file - HP E5500 Phase Hoise Measurement Subsystem
File Edit “iew Define Measure Analyze System Help

D|=(E| 8|0 £ Bl®lo| x[E| = of | F| X
Confidence Test using HP 86634 Int ws Ext 10 MHz
o EEESS00_Comier: 10E4S By HoSpws : 71997 17:18:44 - 17:30:55
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Figure 5-2  Noise Floor Example
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If the output amplitude of your UUT is not sufficient to provide an adequate
measurement noise floor, it will be necessary to insert a low-noise amplifier
between the UUT and the test set. Refer to “Inserting an Device” in
Chapter 6, “Absolute Measurement Fundamenttistetails on

determining the effect the amplifiers noise will have on the measured noise

floor.
Beginning the
Measurement
CAUTION To prevent damage to the Agilent/HP 70420A test set’s hardware

components, the input signadust notbe applied to the signal input
connector until the input attenuator has been correctly set for the desired
configuration, as show imable 5-3 on page 5-1Apply the input signals
when the connection diagram appears, as shown below in step 3.

1. From theMeasurementmenu, choos&lew Measurement

!;Ei Confidence_pnm - HP E5500 Phase Noize Measuremen
File Edit “iew Define §&

D|=|E| 2|

Analyze  Spsterm  Help

nent

Bepeat Measurement
Abort Measurement
Fieal-Time Monitor

v Clear Graph before measurement
v Pauze at Connect Diagram

2. appears, clicloK.

HP E5500 [X]

& Perfarm a Mew Calibration and Measurement?

Canicel

i

3. When the Connect Diagram dialog box appeatrs, click on the hardware
down arrow and select your hardware configuration from the pull-down
list.

Confirm your connections as shown in the Connect Diagram. At this
time connect your UUT and reference sources to the test set. The input
attenuator (Option 001 only) has now been correctly configured based
on your measurement definition.
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Table 5-3

Expanding Your Measurement Experience
Testing the Agilent/HP 8663A Internal/External 10 MHz

The Agilent/HP 70420A test set’s signal input is subject to the following
limits and characteristics:

Agilent/HP 70420A Test Set Signal Input Limits and Characteristics

Limits
Frequency 50 kHz to 26.5 GHz
Maximum Signal Input Power +30 dBm

At Attenuator Output, Operating Level

Range:

* RF Phase Detectors 0to +23 dBm
* Microwave Phase Detectors O0to +5 dBm
« Internal AM Detector 0to +20 dBm

* Downconverters:

Agilent/HP 70422A 0to +30 dBm
Agilent/HP 70427A +51t0 +15 dBm
CAUTION:

To prevent damage to the Agilent/HP 70420A Test Set's hardware components,
the input signal must not be applied to the test set’s signal input connector until
the input attenuator (Option 001) has been set by the phase noise software,
which will occur at the connection diagram.

Characteristics:
Input Impedance 50 ohm Nominal
AM Noise dc coupled to 50 ohm load

Agilent Technologies E5500 Phase Noise Measurement System 5-17



Expanding Your Measurement Experience
Testing the Agilent/HP 8663A Internal/External 10 MHz

HP E5500 Instrument Connections

Werify Connections
Jul 26,1997 16:57:47

DUT

TUNE

IN OUTPUT]|

O o 0] §
O O
OO

REFERENCE

TUNE

IN OUTPUT]|

9 G o

. y

(e e A EH P 704208, option 0071 test set only

— Control Panel

EFT &nalyzer | Swept Saalizer | TestSet | Downconverter | Bhiase Shifter |

Larrier Source | Eeference Sourcel Fresidua Saumze | [Calibratian Sourcel Erequerncy Eounterl

— Tuning Yoltage

ID 3: - I‘ID -
Center Wolts  Range +/ WVolts ’WI Abort | el |

Figure 5-3 Connect Diagram for the Agilent/HP 8663A 10 MHz Measurement

4. Refer to the following system connect diagram examples for more
information about system interconnections :

O

0

NOTE

“E5501A Standard Connect Diagram Example” on page 5-19
“E5501B Standard Connect Diagram Example” on page 5-20
“E5502A Opt. 001 Connect Diagram Example” on page 5-21
“E5502A Opt. 001 Connect Diagram Example” on page 5-21
“E5503A Option 001 Connect Diagram Example” on page 5-23
“E5503B Option 001 Connect Diagram Example” on page 5-24
“E5504A Option 201 Connect Diagram Example” on page 5-25
“E5504A Option 201 Connect Diagram Example” on page 5-25

For additional examples, refer @hapter 19, “Connect Diagrams”
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E5501A Standard Connect Diagram Example

E5501A Standard Phase Noise System

OSCILLOSCOPE
o
o
2
o
g = VXI MAINFRAME
‘ r _E— OV 11 [E1430A FFT ANALYZER
— E1441A ARB
OPTIONAL )
FREQUENCY COUNTER _ —He 14908 Counter
&% 1 ~~ ] VXL MXI Bus
0000000000 & & : (] ==
i H MXI CABL )
I N TN 4
89410A
VECTOR SIGNAL ANALYZER 70001A MAINFRAME
DUT 70420A STD TEST SET
L = 70420A
™ OP | | e Rear Panel
7~ A T ! Noise Source Input
__> 1
= 1
\ [
SOURCE! 1 CH 1 H
OUTPUT]  Vemmmmedn J \ —
Vo | o
GPIB
System PC Controller
E55|3‘;::;WK3;3 — U OPTIONAL REFERENCE
PO Cany SIGNAL GENERATOR
OPTIONAL RFSA

° ooooo
= 88858
=
ooooo
= 85888
_l\ ooo o
o oog

14 DOOOOOQUDEEEE
¢ q )
70420A Standard Test Set

70420A TEST SET
DUT GPIB — STATUS — To Reference
Source Input ~ [ Dooojoao Source
S NPUT SR, M REF INPUT
SIGNAL NOISE 50 kHz-1600MHz
O =0
1V Pk
| 50kHz-1600MHz  0.01 Hz-100 MHz | . +15 dBm MIN )
RFSA (RN PHASE DET OUTPUT IR N | — To 142.0
Spectrum —_] RF ANALYZER MONITOR or OSClHOSCOpe
Analyzer
ANALYZER ANALYZER TUNE VOLTAGE
OUT OF LOCK
<100 kHz <100 MHz 50 ©220mA MAX [ DC Out
- Tune Voltage
100 W/1.25 LPS

e5500/90001 /art/5501 astd.pcx
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E5501B Standard Connect Diagram Example

E5501B Standard Phase Noise System

OSCILLOSCOPE (Recommended)

OPTIONAL
FREQUENCY COUNTER
0O

0000000000 @@

70001A MAINFRAME
70420A STD TEST SET

" _> e
DuUT o oleg |
(1 °
To 70420A —N
Rear Panel V=
Noise Source Input

J
OPTIONAL REFERENCE
13 SIGNAL GENERATOR
Digitizer | &
o
System PC Controller 3 Doggo BeeebdDoo
, 2 e e
o gre 8o oos O ]
Digitizer
E5500 Software Output
License Key
PC-Digitizer Card [_-E:—-I A E4411A
N GPIB SPECTRUM ANALYZER
¢ = 23223
2 coooo
[ —>) S s2mms
o 888 5
588 2
EEERE]

nOOOooQ oo

—

70420A Standard Test Set

70420A TEST SET

To

DUT GPIB STATUS
Source Input oooofoo — Reference
_— — — / Source
INPUT — REF INPUT
SIGNAL NOISE 50 kHz-1600MHz
suu @
1VPk

50kHz1600MHz 001 Hz-100 MHz +15dBm MIN To Oscilloscope or
RFSA (N PHASE DET OUTPUT I // Counter Monitor

Spectrum RF ANALYZER MONITOR
——

| - . _/
Analyzer

ANALYZER ANALYZER TUNE VOLTAGE
= - OUT OF LOCK A2
To PC Digitizer ) )
Vellow Cabl ————/ ° I~ | oo
ellow Lable <100kHz <100 MHz 50 0 20mA MAX [ Tune V0|tage

100 W/1.25LPS

e5500/90002/art/5501bstd.cdr
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E5502A Opt. 001 Connect Diagram Example

E5502A Opt. 001 Phase Noise System

OSCILLOSCOPE

| E VXI MAINFRAME

_B—@DQ I b TET430AFFT ANALYZER
o 8] E1441A ARB
OPTIONAL |
FREQUENCY COUNTER - - = E14208 Counter
) ‘ o o XI Bus
0000000000 & & : Ll
‘--------------n" MXI CABLE J
894107 ( 70001A MAINFRAME
VECTOR SIGNAL ANALYZER
_— 70420A OPT. 001 70421A
S 70420A
—N E] DUT ofe o 0‘ Rear Panel
2 e Pt S——ccgo Noise Source Input
5 —N ° .
1] ® goegeo =
SOURCE: ICH1
OUTPUT} LN 7\
‘—------------------ ----'L J/
GPIB

System PC Controller

ooooo
ooooo

o000

gg O00do
E5500 Software o OPTIONAL REFERENCE
License Key SIGNAL GENERATOR
PC-MXI Card
L/ 8563E
% SPECTRUM ANALYZER
N ey e
B =
= coooo
. %)gs8 g
C DOOOOQQEUEEEB
70420A Opt. 001 Test Set 70421A Downconverter
70420A0PT 001 TEST SET 70421ADOWNCONVERTER

ouTRUT
RF ANALVZER

INPUT REF INFUT
SIGNAL NOISE 50KHZ-1600MHz 12-265GH

M FO) (%

sogfzzasciz 001 Hz100MHz 15 ER M +7 cBm N

PHASE DET OUTPU T
R AnaLyzeR MONITOR

VOLTAGE
CONTROL

FREM 0
povmiccQVERTER DOWNCONVERTER]
fravezer ANALZER TUNE VOLTAGE

®

<nokHz

/ // : 0w 251Ps \\ \ w\nm 25165 \
To DUT To To Signal Input Downconverted
RF Output E1420 or Reference to be Output to Test Set

RESA Oscilloscope To 1430A  Souce po Tuning Out Downconverted Signal Input
Spectrum Analog In Voltage
Analyzer

©5500/90001/art/55022001. pcx
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E5502B Opt. 001 Connect Diagram Example

E5502B Opt. 001 Phase Noise System

OSCILLOSCOPE (Recommended)

OPTIONAL
FREQUENCY COUNTER

|| I Q00O
V|| ooonoooooo 3"&;'2.3
il ~
70001A MAINFRAME
70420A OPT. 001 70421A
DUT o | BT
7 3127
ofj— T--—"
To 70420A —N
Rear Panel Vi
Noise Source Input /
\.
J \L )
e OPTIONAL REFERENCE
Digitizer § SIGNAL GENERATOR
Input J O
g
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E5503A Option 001 Connect Diagram Example

HP E5503A Opt. 001 Phase Noise System

( )

OSCILLOSCOPE B i oo cooo
ooo

> 4

o o o o

L] 0000000

o 0 O

\ ) MXI CABLE J LN : :“

HP 70001A MAINFRAME
HP 70420A OPT. 001 HP 70422A

T,

HPIB

OPTIONAL REFERENCE
SIGNAL GENERATOR

System PC Controller

E5500 Software
License Key
PC-MXI Card

HP 8563E
SPECTRUM ANALYZER

i

)

. =
£ 0000 0@ oo aaa g

. \ ]
HP 70420A Opt. 001 Test Set HP 70422A Downconverter

HP 704204 OPT 001 TESTSET HP 70422A DOWNGONVERTER

HRIB STATUS HRE STATUS
ooool|oo
oooo|oo

cutrur

INPUT FEF INPUT
SGNAL NOSE 50K 1800MHz 12265 GHz

HO) ©
\ [

FREM 0
oowncWERTER, DOWNCONVERTER

TUNE VOLTAGE

ouT oF Lock
o o)
Q0 20ma W

PHASE DETOUTPUT MY
e ALY ZER MaNIToR

100 W1 25 LPS

Yoo wi251ps

/ \

To DUT To Signal Input Downconverted
RF Output HPE1420 or Reference to be Output to Test Set
RESA Oscilloscope To HP1430A Source po Tuning Out Downconverted Signal Input
Spectrum Analog In Voltage
Analyzer

e5500/90001 /art/5503a001.cdr

Agilent Technologies E5500 Phase Noise Measurement System 5-23



Expanding Your Measurement Experience
Testing the Agilent/HP 8663A Internal/External 10 MHz

E5503B Option 001 Connect Diagram Example

HP E5503B Opt. 001 Phase Noise System

OSCILLOSCOPE (Recommended)

OPTIONAL
FREQUENCY COUNTER
—— T&r

anonm
000000000 @ @ @

Ll

HP 70001A MAINFRAME
HP 70420A OPT. 001 HP 70422A

)oo0ooooo

! s X

D

C

PR ]

To HP 70420A
Rear Panel
Noise Source Input

L

J \\

OPTIONAL REFERENCE
SIGNAL GENERATOR

Digitizer
Input

Yellow Cable

System PC Controller
0]

ooooo
ooooo

oCc-0

Digitizer

Output

E5500 Software
License Key
PC-Digitizer Card

HP 8563E
SPECTRUM ANALYZER

HPIB

= H—
e
= =z
g =
—> Ez::g::
a g3= g
C00000@Doana a

—

.
0

HP 70420A Opt. 001 HP 70422ADownconverter
HP 70420A OPT 001 TEST SET HP 70422A DOWNCONVERTER -
O @ @ . =
To DUT To PC Signal Input Downconverted
RF Output Digitizer Reference to be Output to Test Set
RESA (Yellow Cable) Source  pe Tuning Out Downconverted Signal Input
Spectrum Oscﬂloscope Voltage
Analyzer or Counter
©5500/90002/art/5503b001 .cdr

Monitor

5-24 Agilent Technologies E5500 Phase Noise Measurement System



Expanding Your Measurement Experience
Testing the Agilent/HP 8663A Internal/External 10 MHz

E5504A Option 201 Connect Diagram Example

HP E5504A Opt. 201Phase Noise System
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E5504B Option 201 Connect Diagram Example

E5504B Opt. 201 Phase Noise System
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5. The following messages will appear on the display as the system
performs the calibration routines. (You will have time to read through
these message descriptions while the system completes the routines.)

Determining Presence of Beat Note...

An initial check is made to verify that a beatnote is present within the
system’s detection range.

Verifying zero-beat...

The frequency of the beatnote is measured to see if it is within 5% of the
estimated Peak Tuning Range of the system. The system’s Peak Tuning
Range is the portion of the voltage-controlled-oscillator (VCO) source’s
tuning range being used for the measurement.

When the system measures the phase noise of a signal source using the
Phase Lock Loop technique (the technique being used in this example) it
requires that one of the two sources used in the setup is a VCO. As you will
see later in this demonstration, you will be required to estimate the tuning
range of the VCO source you are using when you set up your own Phase
Lock Loop measurements.

Zero beating sources...

The center frequencies of the sources are now adjusted, if necessary, to
position the beatnote within the 5% range. The adjustment is made with the
tune voltage applied to the VCO source set at its nominal or center position.

Measuring the VCO Tuning Constant...

The tuning sensitivity (Hz/V) of the VCO source is now precisely
determined by measuring the beatnote frequency at four tune voltage
settings across the tuning range of the VCO source. Linearity across the
tuning range is also verified

Measuring the Phase Detector Constant...

The transfer characteristics (V/rad) of the test set’s phase detector are now
determined for the specific center frequency and power level of the sources
being measured.

Measuring PLL suppression...

The required correction data is created to compensate for the phase noise
suppression which occurs within the bandwidth of the phase lock loop
created for this measurement.

6. The computer displays the PLL suppression curve and associated
measurement values. Pré&ssntinue using Adjusted Loop
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Suppressionto continue making the noise measurement. The
measurement can be stopped by pressind\tiat key.

When the system begins measuring noise, it places the noise graph on its
display. As you watch the graph, you will see the system plot its
measurement results in frequency segments.

The system measures the noise level across its frequency offset range by
averaging the noise within smaller frequency segments. This technique
enables the system to optimize measurement speed while providing you with
the measurement resolution needed for most test applications.

When the measurement is complete, refeChapter 15, “Evaluating Your
Measurement Result$dr help in evaluating your measurement results. (If
the test system has problems completing the measurement, it will inform you
by placing a message on the computer display.

While the Connect Diagram is still displayed, recommend that you use an
oscilloscope (connected to the Monitor port on the Agilent/HP 70420A) or a
counter to check the beatnote being created between the reference source
and your device-under-test. The objective of checking the beatnote is to
ensure that the center frequencies of the two sources are close enough in
frequency to create a beatnote that is within the Capture Range of the
system.

The phase lock loop (PLL) Capture Range is 5% of the peak tuning range of
the VCO source you are using. (The peak tuning range for your VCO can be
estimated by multiplying the VCO tuning constant by the tune range of
VCO. Refer toChapter 15, “Evaluating Your Measurement ResLikkgbu

are not familiar with the relationship between the PLL capture range and the
peak tuning range of the VCO.)

If the center frequencies of the sources are not close enough to create a
beatnote within the capture range, the system will not be able to complete its
measurement.

The beatnote frequency is set by the relative frequency difference between
the two sources. If you have two very accurate sources set at the same
frequency, the resulting beatnote will be very close to 0 Hz.

Searching for the beatnote will require that you adjust the center frequency
of one of the sources above and below the frequency of the other source until
the beatnote appears on the oscilloscope’s display.

If incrementing the frequency of one of the sources does not produce a
beatnote, you will need to verify the presence of an output signal from each
source before proceeding.
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JAV/div

Figure 5-4 Oscilloscope Display of a Beatnote out of the Agilent/HP 70420A Monitor

Port
Making the 1. Click theContinue button when you have completed the beatnote check
Measurement and are ready to make the measurement.

2. When the PLL Suppression Curve dialog box appears, séiewst
Measured Loop SuppressionView Smoothed Loop Suppression
andView Adjusted Loop Suppression

Phase Locked Loop Suppression Calibration Factors EHE

Mote: Any Calibration Factors displayed below with an
unknown value have not been measured pet.
Suppression traces will only be displayed after calibration.

Thearetical and Actual Loop Suppression Factors

100 1*® 10K

FLL Gain Change: 860E-3 dB
ElDSEd PLL BW 28823E+3 HZ ..............................................................................
Peak Tune Range: 100.5E+3Hz I¥ ‘iew Smoothed Loop Suppression
Assumed Pole: 89 48E+3Hz
I awirnum Error: 589.5E-3 dB ) ) :
Detector Constant: 59963 Wals/Radian I™ Wiew Theoretical Loop Suppression
CO Constant: 923 E+3Hz ol

V' Wiew Adjusted Theoretical Loop Suppression
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There are four different curves available for the this graph (for more
information about loop suppression verification, refeCtoapter 16,
“Advanced Software Features”

a. “Measured” loop suppression curve - this is the result of the loop
suppression measurement performed by the E5500 system;

b. “Smoothed” measured suppression curve - this is a curve-fit
representation of the measured results, it is used to compare with the
“theoretical” loop suppression;

c. “Theoretical” suppression curve - this is the predicted loop
suppression based on the initial loop parameters defined/selected for
this particular measurement (kphi, kvco, loop bandwidth, filters,
gain, etc).

d. “Adjusted” theoretical suppression curve - this is the new “adjusted”
theoretical value of suppression for this measurement - it is based on
changing loop parameters (in the theoretical response) to match the
“smoothed” measured curve as closely as possible;

When the measurement is complete, refeChapter 15, “Evaluating Your
Measurement Result$dr help in evaluating your measurement results.

Figure 5-5 on page 5-3¢hows a typical phase noise curve for a RF
Synthesizer.

!;Ei Conf_8663A_10MHz pnm - HP E5500 Phase Noize Measurement Subsystem

File Edit “iew Define Measure Analyze System Help

D[=(a| 8(r| Clele| x|E| « =@ of B
Confidence Test using HP 8663 A Int vs Ext 10 MHz
HPESSO0 Comier 10B#6Hz  277ul1997 17:0%:44- 172055

100 1K 10K 100K 1M
L{f) [dBe/Hz] vs f [Hz]

For Help, press F1 [LocaL [IoLE i

Figure 5-5 Typical Phase Noise Curve for an Agilent/HP 8663A 10 MHz
Measurement.
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Table 5-4 Parameter Data for the Agilent/HP 8663A 10 MHz Measurement

Step Parameters Data
1 Type and Range Tab
Measurement Type « Absolute Phase Noise (using a phase locked loop)
e Start Frequency e 10 Hz
« Stop Frequency ¢« 2E+6HZ!
¢ Minimum Number of Averages « 4
FFT Quality * Fast
2 Sources Tab

Carrier Source

¢ Frequency ¢« 10E+6Hz

» Power e 7dBm

e Carrier Source Output is e Test Set
connected to:

Detector Input e 10 E +6 Hz

» Frequency

Reference Source + 10 E +6 Hz (same as Carrier Source Frequency)

» Frequency e 16 dBm

» Reference Source Power

VCO Tuning Parameters e 1E +3 Hz/V

» Nominal Tune Constant e +/- 10 Volts

* Tune Range +/- « 0 Volts

» Center Voltage « 600 ohms

¢ Input Resistance

3 Cal Tab
¢ Phase Detector Constant ¢ Measure Phase Detector Constant
¢ VCO Tune Constant ¢ Calculate from expected VCO Tune Constant
« Phase Lock Loop Suppression  « Verify calculated phase locked loop suppression
« If Limit is exceeded « Show Suppression Graph
4 Block Diagram Tab
e Carrier Source ¢ Manual
« Downconverter ¢ None
* Reference Source * Agilent/HP 8663A
¢ Timebase * None
¢ Phase Detector ¢ Automatic Detector Selection
¢ Test Set Tune Voltage * Reference Source
Destination « DCFM

¢ VCO Tune Mode
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Table 5-4 Parameter Data for the Agilent/HP 8663A 10 MHz Measurement

Step Parameters Data
5 Test Set Tab
Input Attenuation « 0dB
LNA Low Pass Filter ¢ 20 MHz (Auto checked)
¢ LNA Gain ¢ Auto Gain (Minimum Auto Gain - 14 dB)
* DC Block * Not checked
* PLL Integrator Attenuation e 0dBm
6 Dowconverter Tab « The downconverter parameters do not apply to this

measurement example.

7 Graph Tab
« Title « Confidence Test using Agilent/HP 8663A Int vs Ext 10
» Graph Type MHz
« X Scale Minimum ¢ Single-sideband Noise (dBc/Hz)
« X Scale Maximum * 10Hz
« Y Scale Minimum * 4E+6Hz
« Y Scale Maximum * 0dBc/Hz
+ Normalize trace data to a: * - 170 dBc/Hz
+ Scale trace data to a new * 1 Hz bandwidth
carrier frequency of: « 1 times the current carrier frequency
¢ Shift trace data DOWN by:
e Trace Smoothing Amount « 0dB
« Power present atinput of DUT <« O
« 0dB

1. The Stop Frequency depends on the analyzers configured in your phase noise system.
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CAUTION

NOTE

Testing the Agilent/HP 8644B Internal/External
10 MHz

This measurement example will help you measure the absolute phase noise
of an RF synthesizer.

To prevent damage to the Agilent/HP 70420A test set’s hardware
components, the input signaust notbe applied to the signal input
connector until the input attenuator has been correctly set for the desired
configuration, as show imable 5-7 on page 5-4@pply the input signal
when the Connection Diagram appears.

The following equipment is required for this example in addition to the
phase noise test system and your unit-under-test (UUT).

To ensure accurate measurements, you should allow the UUT and
measurement equipment to warm up at least one hour before making the
noise measurement.

Table 5-5 Required Equipment for the
Agilent/HP 8644B 10 MHz

Measurement
Equipment Quantity Comments
Agilent/HP 8663A 1 Refer to the “Selecting a

Reference” section of this chapter
for more information about
reference source requirements

Coax Cables And adequate adapters to connect
the UUT and reference source to
the test set.
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Defining the 1. From theFile menu, choos®pen.
Measurement

Edit Wiew Define Meas

Save fz...
Ex=port Results 3

Frint... Chil+F
Frint Prewview
Frint Setup...

Send...

1 Confidence. pnm

2 FreeRF.pnm

3 MicroSRC. pnm

4 Residual pnm

B RFSynth_EFC.pnm
E Moize_1.pnm

7 Moize_2 pnm

8 Moize_3.pnm

Exit

2. If necessary, choose the drive or directory where the file you want is
stored.

3. IntheFile Namebox, choose Conf_8644B_10MHz.pnni.

NOTE

Open BE
Lok in: Ia Test Files j gl =
Conf_10mMHz.prim @ Residual pnm

Conf_BE44B_10MHz. prm @ RFSynth_DCFM. prm
Conf_BEE34_10MHz.pnm @ RFSynth_EFC.pnm
Confidence. pnm @ StableRF.pnm
FreeRF.pnm

MicroSRC. pnm

File name: IEonf_8844B_1 OkHz. prm

Open I

Filez of type: IHP EB500 Measurement Files [*. pnm)

j Cancel |

4. Click theOpenbutton.

The appropriate measurement definition parameters for this example
have been pre-stored in this filéable 5-8 on page 5-5ists the
parameter data that has been entered for the RF Synthesizer using

DCFM measurement example.)

Note that the source parameters entered for stepralite 5-8may not be

appropriate for the reference source you are using. To change these values,

refer toTable 5-8 on page 5-54hen continue with step “a”. Otherwise, go
to “Beginning the Measurement” on page 5:39

5-34 Agilent Technologies E5500 Phase Noise Measurement System



Expanding Your Measurement Experience
Testing the Agilent/HP 8644B Internal/External 10 MHz

a. From theDefine menu, choos&leasurement;then choose the
Sourcestab from theDefine Measurementwindow.

b. Enter the carrier (center) frequency of your UUT (5 MHz to 1.6
GHz). Enter the same frequency for the detector input frequency.

Enter the VCO (Nominal) Tuning Constant (Sesble 5-6.
Enter the Tune Range of VCO (s&able 5-§.
e. Enter the Center Voltage of VCO (s€able 5-§.

a o

f. Enter the Input Resistance of VCO (skable 5-§.

xJel g o] ol 5 ]

Limit Lines...

Security Level...
EFT Segment Takle HP E5500 ﬂ E
Sweept Segment Table
—  TypeandRange Sources | Cal I Block Diagram I Test Set I Downconverter I Graph I

Absolute Phase Moise [using a phaze locked loop)

TEr SOurce

< Frequency I Hz Power I? dBm

Carrier Source Output is connected ta: & Test Set ' Downconverter
— Detector Input Frequency Fieference Source
|1 OE+E Hz ’7 Frequency |1 OE+E Hz Power |1 B dBm
Detector Input Frequency = Reference Source Frequency multiplied by [ |1 ! |1 ]
o

~YCO Tuning P
mﬁfune Constant |1 E+3 Hz #¥alt Center Yoltage IU Wolts

Tune Range +/- |1 0 WVolts Input Resistance IBDD Ohmg
I Ewimum &llowed Deyiation fram Center Yoliage I‘I T

The Tune Range iz within the: limits of

from +/-0.20 to +/-10.00 Yalts, Preset |

az required by the current Center Yoltage setting.

|

Table 5-6 Tuning Characteristics for Various Sources

. . Center . Input Tuning
VCO Source CFarr:er Tunln%HC;(/J\r;)s tant Voltage V(gg?eezur |\r/1§; Resistance Calibration

q: ) ge (= Q) Method

Agilent/HP 8662/3A

EFC Ug SE-9xu, 0 10 1IE+6 Measure
DCFM FM Deviation 0 10 1 K (8662) Compute
600 (8663) Compute
Agilent/HP 8642A/B FM Deviation 0 10 600 Compute
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. . Center . Input Tuning
VCO Source CFarr:er Tunlng(]H(?/)\?)s tant Voltage V(;:t:r?ee'l'(u_’r_\ I\r;? Resistance Calibration
q: ) ge (= Q) Method
Agilent/HP 8644B FM Deviation 0 10 600 Compute
Other Signal
Generato r FM Deviation 0 10 Rin Compute
DCFM Calibrated for
1V
Other User VCO Estimated within a -10to 1E+6 Measure
Source factor of 2 +10

Selecting a Reference 1. From theDefine menu, choosdeasurement;then choose thBlock
Source Diagram tab from theDefine Measurementwindow.

2. From theReference Sourcepull-down list, selecHP-8644

&1 Confidence Test using HP 8663A Int vs Ext 10 MHz - HP E5500 Phase Hoise Measureme... !E[ E
File Edit “iew EUIEN Meazure Analyze System Help

E X @ o] o

Security Level...

EFT Segment Takle HP E5500 ﬂ E

Sweept Segment Table .
_ Typeand Hangel Sourcesl Cal Block Diagram | Test Setl Downconverterl Graph I

Absolute Phase Moise [using a phaze locked loop)

— Carrier Source

Iz’ﬂ, I[manual] 'l
—Down Converter—————————————— Phase Detector
I[none] ’7 IAutomatic Detector Selection j
' None
€ System Contral
 Marwal
" Egternal Test Set Tune Voltage
 Reference Source ] IFant Panel 'l
etk [ ] Destination [Ret 5 |
1o | (marual) ‘-\{ estination | Reference Source
— Tl ;\/ WCO Tune Mode
tffesh S & DCFM
ﬂl I[none] Reference Source—————————————

check
140

Aszzet Manager | Frezet |
Cloze | Help |

3. When you have completed these operations, cliciCliesebutton
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1. From theDefine menu, choos&leasurement;then choose th€al tab
from theDefine Measurementwindow.

2. IntheCal dialog box, checWkerify calculated phase locked loop
supressionandAlways Show Suppression GraphSelectf limit is
exceeded: Show Loop Suppression Graph

@ Confidence Test using HP 8663A Int vs Ext 10 MHz - HP E5500 Phase Hoise Measureme... [Ii[=] E3
File Edit “iew EUIEN Meazure Analyze System Help

DI £ I=im'rtLines. _|_|><_ 3' QI i

Security Level...

EFT Segment Table  [JENE3AT]

Sweept Segment Table

Setup Considerations
for the

Agilent/HP 8663A

10 MHz Measurement

Type and Hangel Sources  Cal | Block. Diagraml Test Setl Downconverterl Graph I

Absolute Phase Moise [using a phaze locked loop)

Phase Detector Constant

" Use curent phase detectar constant
' Measure phase detector constant

Current Phaze Detector Constant |4?BE-3 Wolts / Radian

%CO Tune Constant

' Use current YCO tune constant

' Measure YO tune constant
& Calculate from expected YCO tune constant using tune port resistance

Current ¥CO Tune Constant |923-1 Hz / Walt

Expected ¥CO Tune Constant |923.1 Hz /%ol

Phase Locked Loop Suppression

v erify calculated phase locked loop suppression W ilways Show Suppression Graph

b aximum Suppreszion Error Limit |1 dB

If Limit i exceeded: ' Use thearstical values ¢ Use adjusted values <% Shaw Suppression Grap
Prezet |

3. When you have completed these operations, cliciCllesebutton

Measurement Noise Floor

The signal amplitude at the R input (Signal Input) port on the Agilent/HP
70420A sets the measurement noise floor level. Use the following graph to
determine the amplitude required to provide a noise floor level that is below
the expected noise floor of your UUT. For more information about this
graph, refer taChapter 18, “Reference Graphs and Tahles”
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Figure 5-6  Noise Floor for the Agilent/HP 8644B 10 MHz Measurement
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!;Ei Externally loaded file - HP E5500 Phase Hoise Measurement Subsystem
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Figure 5-7 Noise Floor Example

If the output amplitude of your UUT is not sufficient to provide an adequate
measurement noise floor, it will be necessary to insert a low-noise amplifier
between the UUT and the test set. Refer to “Inserting an Device” in
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Chapter 6, “Absolute Measurement Fundamentfstetails on
determining the effect the amplifiers noise will have on the measured noise

floor.
Beginning the
Measurement
CAUTION To prevent damage to the Agilent/HP 70420A test set’s hardware

components, the input signadust notbe applied to the signal input
connector until the input attenuator has been correctly set for the desired
configuration, as show imable 5-7 on page 5-4@pply the input signals
when the connection diagram appears, as shown below in step 3.

1. From theMeasurementmenu, choos&lew Measurement

!;Ei Confidence_pnm - HP E5500 Phase Noize Measuremen
File Edit “iew Define JEl

D|=|E| 2|

B Analyze  Swestem  Help
et

Bepeat Measurement

Abort Measurement

Fieal-Time Monitor

v Clear Graph before measurement
v Pauze at Connect Diagram

2. appears, clicloK.

HP E5500 [X]

& Perfarm a Mew Calibration and Measurement?

Cancel |

3. When the Connect Diagram dialog box appeatrs, click on the hardware
down arrow and select your hardware configuration from the pull-down
list.

Confirm your connections as shown in the Connect Diagram. At this
time connect your UUT and reference sources to the test set. The input
attenuator (Option 001 only) has now been correctly configured based
on your measurement definition.

Agilent Technologies E5500 Phase Noise Measurement System 5-39



CAUTION

Table 5-7

Expanding Your Measurement Experience
Testing the Agilent/HP 8644B Internal/External 10 MHz

The Agilent/HP 70420A test set’s signal input is subject to the following
limits and characteristics:

Agilent/HP 70420A Test Set Signal Input Limits and Characteristics

Limits
Frequency 50 kHz to 26.5 GHz
Maximum Signal Input Power +30 dBm

At Attenuator Output, Operating Level

Range:

* RF Phase Detectors 0to +23 dBm
* Microwave Phase Detectors Oto +5 dBm
« Internal AM Detector 0to +20 dBm

* Downconverters:

Agilent/HP 70422A 0to +30 dBm
Agilent/HP 70427A +5t0 +15 dBm
CAUTION:

To prevent damage to the Agilent/HP 70420A Test Set's hardware components,
the input signal must not be applied to the test set’s signal input connector until
the input attenuator (Option 001) has been set by the phase noise software,
which will occur at the connection diagram.

Characteristics:
Input Impedance 50 ohm Nominal
AM Noise dc coupled to 50 ohm load
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HP E5500 Instrument Connections

Werify Connections
Jul 26,1997 16:57:47

— Control Panel

EFT &nalyzer

DUT

TUNE

IN OUTPUT]|

O o 0] §
O O
OO

REFERENCE

TUNE

IN OUTPUT]|

9 G o

. y

(e e A EH P 704208, option 0071 test set only

Swept Saalizer | TestSet | Downconverter | Bhiase Shifter |

Larrier Source

Eeference Saurze | Fresidua Saumze | [Calibration Source | Erequerncy Eounterl

— Tuning Yoltage

ID 3: - I‘ID -
Center Wolts  Range +/ WVolts ’WI Abort | el |

Figure 5-8 Connect Diagram for the Agilent/HP 8644B 10 MHz Measurement

4. Refer to the following system connect diagram examples for more
information about system interconnections :

O

0

NOTE

“E5501A Standard Connect Diagram Example” on page 5-19
“E5501B Standard Connect Diagram Example” on page 5-20
“E5503A Option 001 Connect Diagram Example” on page 5-23
“E5503B Option 001 Connect Diagram Example” on page 5-47
“E5504A Option 201 Connect Diagram Example” on page 5-48
“E5504B Option 201 Connect Diagram Example” on page 5-49

For additional examples, refer @hapter 19, “Connect Diagrams”
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E5501A Standard Connect Diagram Example

E5501A Standard Phase Noise System
OSCILLOSCOPE

(1) VXI MAINFRAME
_E—: OV |1 TE1430A FFT ANALYZER
=/ ¥4 |E1441A ARB
OPTIONAL |
FREQUENCY COUNTER

— 114208 Counter
I Q000 1 o o VXI- MXI Bus
woononono s ! L]
U

i MXICABLE )

NWCLEEEE LT T TN e
894104 70001A MAINFRAME
VECTOR SIGNAL ANALYZER DUT 70420A STD TEST SET
3] |§ 70420A
] op < € Rear Panel
s 7 > 4 1 Noise Source Input
El —_> 1
. . . . 1
] ® go0egeo \ = :
SOURCE! 1CH 1 H
OUTPUT} LN J\\ ;
‘—-------------- - -
GPIB

System PC Controller

== B
E55I(_)i(():::sfleaer!e/ == OPTIONAL REFERENCE
PC-MXI Card SIGNAL GENERATOR
OPTIONAL RFSA

\ )
70420A Standard Test Set

70420A TEST SET
DUT aPiB { STATUS | To Reference
C

) Source

Source Input ~ l =

INPUT ] REF INPUT
NOISE 50 kHz-1600MHz

500
1V Pk

50 kHz-1600MHz ~ 0.01 Hz-100 MHz | +15 dBm MIN

SIGNAL

RFSA PHASE DET OUTPUT MR — | To 1420
Spectrum —— A ANAEER HonreR / or Oscilloscope
Analyzer =/ )

ANALYZER ANALYZER TUNE VOLTAGE

\

<100 kHz <100 MHz 50 2 20mA MAX

OUT OF LOCK.

—— DC out
Tune Voltage

100 W/1.25LPS

©5500/90001/art/5501 astd. pcx
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E5501B Standard Connect Diagram Example

E5501B Standard Phase Noise System

OSCILLOSCOPE (Recommended)

OPTIONAL
FREQUENCY COUNTER

— 00

ooopoo
0000000000 @ @@

H

70001A MAINFRAME
70420A STD TEST SET
— P =
DUT ar-
(1 o
To 70420A —'\
Rear Panel VI
Noise Source Input
J
OPTIONAL REFERENCE
Digiizer | 3 SIGNAL GENERATOR
o}
Input ‘;
) * o0s
System PC Controller E g EE E ;IZI o ééﬁg oo
o G188 o EEEUEEED O *
o ggg 5= 0° 7
Digitizer
E5500 Software Output  J
License Key
PC-Digitizer Card IE |1 E4411A
N GPIB SPECTRUM ANALYZER

D000000¢ 0o 588 3

—

70420A Standard Test Set

70420A TEST SET

To

DUT GPIB STATUS!
Source Input oooo|oo — Reference
Pul / Source
_ INPUT — _ REF INPUT
SIGNAL NOISE 50 kHz-1600MHz
2@ | ©
1VPk

50kHz-1600MHz 001 Hz-100 MHZ +15 dBm MIN To Oscilloscope or
RFSA fR— ssE0ET OUTRUT M — Counter Monitor

Spectrum RF ANALYZER MONITOR
pR— — ) _/
Analyzer

ANALYZER ANALYZER TUNE VOLTAGE
= OUT OF LOCK 72
To PC Digitizer L) © ©—
Yellow %able /’/ @ o g \ DC out
<100 kHz <100 MHz 50 0. 20mA MAX [~ Tune V0|tage

100 W/1.25LPS

€5500/90002/art/5501bstd.cdr
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E5502A Option 001 Connect Diagram Example

E5502A Opt. 001 Phase Noise System

OSCILOSCOPE

| E VXI MAINFRAME

_Ewoi I——Teas0a rer anarvzer
S Q E1441A ARB
OPTIONAL |
FREQUENCY COUNTER = £14208 Counter
I - X Bus
0000000000 ‘3.“53“3 Ll
8oaloA 70001A MAINFRAME
VECIOR SIGNAL ANALYZER
—_— 70420A OPT. 001 70421A
z| 5588 L0 70420A
=l
— N £|2888 EEE DUT ofe © ’_0\ Rear Panel
sla oooo r It— go° Noise Source Input
== @nnuu o b
355~ a5 —
] ® go0egec
SOURCE! TCH1
OUTPUT} LR € J \
(S ——— Np— P ----'k /
GPIB
System PC Controller
E5500 Software OPTIONAL REFERENCE
License Key SIGNAL GENERATOR
PC-MXI Card
L/ 8563E
% SPECTRUM ANALYZER
\l C] E|
(o cocao
=2 apcoa
2 ooooa
ooo o
Cooo0es o bes b
70420A Opt. 001 Test Set 70421A Downconverter
70420A0PT 001 TEST SET 70421ADOWNCONVERTER
(conslos) Leooole o]
T —— — 3
TinevoLTGE
/ Yoo 2oies \\ \ {w/w:nm \
To DUT To Signal Input Downconverted
RF Output E1420 or Reference fo be Output to Test Set
RESA Oscilloscope To 14304  Souce po Tuning Out Downconverted Signal Input
Spectrum Andlog In Voltage
Analyzer

e5500/90001/art/5502a001. pex
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E5502B Option 001 Connect Diagram Example

E5502B Opt. 001 Phase Noise System

OSCILLOSCOPE (Recommended)

OPTIONAL
FREQUENCY COUNTER
B—I/ E::n?
0000000000 Q@@
— )
70001A MAINFRAME
70420A OPT. 001 70421A
o o 0
- ¥ ET
off— T~~~
To 70420A —N
Rear Panel VIE y
Noise Source Input
J  \L )
. OPTIONAL REFERENCE
Digitizer | -2 SIGNAL GENERATOR
Input JO
g
System PC Controller 2
>
Digitizer
Output
E5500 Software
License Key
PCDigitizer Card == SPECTRUM SHALYZER
:J < GPIB
o= (=] ° ooo
= 88388
=] ooooo
[ —> S
o 888 8
00000 0@ oo 868 B
70420A Opt 001 70421A Downconverter
70420A0PT 001 TESTSET 70421A DOWNCONVERTER
oo srarus oo
oooo oo [“_E‘—“T.@
bom Qe oowcsiverer —_
oz o Io
pazoma)
To DUT To PC Signal Input Downconverted
RF Output Digitizer Reference to be Output to Test Set
Yellow Cable) Downconverted Signal Input
RFsA Source  pe Tyning Out gnatine
Spectrum Oscnloscope Voltage
Analyzer or Counter
Monitor €5500/90002/art/5502b001.cdr
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E5503A Option 001 Connect Diagram Example

HP E5503A Opt. 001 Phase Noise System

7

OSCILLOSCOPE

s i 0o 0000

> 4

L] 0000000

o o o o

o 0 O

MXI CABLE

J U 0]

HP 70001A MAINFRAME
HP 70420A OPT. 001 HP 70422A

DUT

T,

HPIB

System PC Controller

E5500 Software
License Key
PC-MXI Card

OPTIONAL REFERENCE
SIGNAL GENERATOR

HP 8563E

SPECTRUM ANALYZER

I\

HP 70420A Opt. 001 Test Set

° ooooo
= oooao
=

ooooo
? ooooo
ooo g
o oi

588 8
£ 0000 0@ oo aaa g

—  J

HP 70422A Downconverter

HP 704204 OPT 001 TESTSET
HRIB STATUS
oooo|oo

INPUT FEF INPUT
NOSE 50K 1800MHz

505@
e
v oMy trasmmn
\

001 100 MH2
FREM 0
oowncWERTER, DOWNCONVERTER

TUNE VOLTAGE

12265 GHz

SGNAL

soyfeas5 Gz

PHASE DETOUTPUT MY
MaNIToR

' AALYZER

i
J

HP 70422A DOWNGONVERTER

HrE sTATUS
ooool|oo

cutrur

/ Yowizsis \f\ {n 25168
To DUT To To Signal Input Downconverted
RF Output HPE1420 or Reference to be Output to Test Set
RESA Oscilloscope To HP1430A Source po Tuning Out Downconverted Signal Input
Spectrum Analog In Voltage
Analyzer

e5500/90001 /art/5503a001.cdr
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E5503B Option 001 Connect Diagram Example

HP E5503B Opt. 001 Phase Noise System

OSCILLOSCOPE (Recommended)

o OPTIONAL
= FREQUENCY COUNTER
(=]
E Al N | — Qung
® E— 0000000000 ‘T;g".’g
HP 70001A MAINFRAME
HP 70420A OPT. 001 HP 70422A
DUT a— Spo R
r- ¢ &-~“lo ole o
o] [
To HP 70420A :>
Rear Panel = y
Noise Source Input
J \\ \
e OPTIONAL REFERENCE
Digitizer £ SIGNAL GENERATOR
Input | ©
8
System PC Controller 3 Ooo o Osee0000
e 0885 obd-AHHEEE°
asss SEHORERE O =
Digitizer o HEE <
Output
E5500 Software e/
License Key
I~ HP 8563E
PC-Digitizer Card FE;—I
||:| < EIE SPECTRUM ANALYZER
== = N ——— coooo
= 88228
= S aooon
E ooo o
8E8 B
QnOOOOoQQESS 8
HP 70420A Opt. 001 HP 70422ADownconverter
HP 70420A OPT 001 TEST SET HP 70422A DOWNCONVERTER
HP4B. STATUS: HP-1B. STATUS:
oooo|oao [Mﬁ
0| © O ©
oomceme\_oomeiuesren
e vomee |
- amerioes N
To DUT To PC To Signal Input Downconverted
RF Output Digitizer Reference to be Output to Test Set
Yellow Cable . Downconverted Signal Input
RFsA ) T Source DG Tuning Out gnatinp
Spectrum Oscilloscope Voltage
Analyzer or Counter
Monitor e5500/90002/art/5503b001 .cdr
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E5504A Option 201 Connect Diagram Example

HP E5504A Opt. 201Phase Noise System

7
VXI MAINFRAME

Isio: 0000

7

OSCILLOSCOPE

o o 0 0

o o o

J \

HP 70001A MAINFRAME
HP 70420A OPT. 001 HP 70427A

] 0oooooo

MXI CABLE
e

°
o}

DUT

o

J

r

< \

~

HPB

OPTIONAL REFERENCE
SIGNAL GENERATOR

MXI CABLE

System PC Controller

o 0.0

ooQooo

E5500 Software
License Key
PC-MXI Card

o/
< AP1B

OPTIONAL RFSA

ocoooo
= ceoan

(o
=
o
Oses &
Dooooo@ oo ooo E

— J

o

HP 70420A Opt. 201 Test Set

HP 704204 OPT 201 TESTSET

HP 70427A Downconverter

HP 70427A DOWNCONVERTER

PP et
0o ood o o oo
INPUT REF INPUT currur
SIGNAL NOISE 60 kHz- 1B00MHz 1.2-266 GHz. AMNOISE FEANALYZER
©
O =00 ®
: ® ©

TUNE VOLTAGE.
i

o
1

jox -
e

50 Q120m MAx

1001 2515

\ \

|+

[ owises

To DUT To Signal Input Downconverted
RF Output Reference to be Output to Test Set
Source Downconverted Signal Input
RFSA To HP E1420 or DC Out

Spectrum Analyzer Oscilloscope

Tune Voltage

e5500/90001 /art/55042201.cdr
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E5504B Option 201 Connect Diagram Example

HP E5504B Opt. 201 Phase Noise System

OSCILLOSCOPE (Recommended)

OPTIONAL
FREQUENCY COUNTER

- D —— QL
ooonoononQ ggg

HP 70001A MAINFRAME
HP 70420A OPT. 001 HP 70427A

[ 0000000

f z.o‘ oo

To HP 70420A :>

Rear Panel
Noise Source Input ﬁ
7 \\ S

OPTIONAL REFERENCE

Digitizer % SIGNAL GENERATOR
Input O
2
System PC Controller e o
s
Digitizer
Output
E5500 Software e/
License Key
PC-Digitizer Card = OPTIONAL RFSA
||:| < HP-IB

) .
L] ooooo
=
2
[ —> E?ssaas

a OF
DOOOOOQ 00 ooo

— )

HP 70420A Opt. 201 Test Set HP 70427A Downconverter

HP 70427A DOWNCONVERTER

HRIR —STATUS— HrE sTaus
oooo|oo 0o0oo)oo

HP 704204 OPT 201 TESTSET

weur - — p— TP
SIGNAL NOISE 60 kHz- 1600MHz 12-265 Ghz sienAL AMNOISE R ANALYZER
©
500 =
1wk
sfrzsnune oo resmwr | |+ +7eEmN
i
PHASE DETOUTPUT - e . o
o s 7R ueniToR LW SIGRAL
122850
TUNE VOLTAGE
aure
o &

500! :S\w«

[ owses | 109125155

I \‘ \ <

To DUT To PC To Signal Input Downconverted
RF Output Digitizer Input Ref Source to be Output to Test Set
Downconverted Signal Input
RFSA To Oscilloscope DC Out
Spectrum Analyzer  or Counter Monitor Tune Voltage

©5500/90002/art/5504b201 .cdr
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5. The following messages will appear on the display as the system
performs the calibration routines. (You will have time to read through
these message descriptions while the system completes the routines.)

Determining Presence of Beat Note...

An initial check is made to verify that a beatnote is present within the
system’s detection range.

Verifying zero-beat...

The frequency of the beatnote is measured to see if it is within 5% of the
estimated Peak Tuning Range of the system. The system’s Peak Tuning
Range is the portion of the voltage-controlled-oscillator (VCO) source’s
tuning range being used for the measurement.

When the system measures the phase noise of a signal source using the
Phase Lock Loop technique (the technique being used in this example) it
requires that one of the two sources used in the setup is a VCO. As you will
see later in this demonstration, you will be required to estimate the tuning
range of the VCO source you are using when you set up your own Phase
Lock Loop measurements.

Zero beating sources...

The center frequencies of the sources are now adjusted, if necessary, to
position the beatnote within the 5% range. The adjustment is made with the
tune voltage applied to the VCO source set at its nominal or center position.

Measuring the VCO Tuning Constant...

The tuning sensitivity (Hz/V) of the VCO source is now precisely
determined by measuring the beatnote frequency at four tune voltage
settings across the tuning range of the VCO source. Linearity across the
tuning range is also verified

Measuring the Phase Detector Constant...

The transfer characteristics (V/rad) of the test set’s phase detector are now
determined for the specific center frequency and power level of the sources
being measured.

Measuring PLL suppression...

The required correction data is created to compensate for the phase noise
suppression which occurs within the bandwidth of the phase lock loop
created for this measurement.

6. The computer displays the PLL suppression curve and associated
measurement values. Pré&ssntinue using Adjusted Loop

5-50 Agilent Technologies E5500 Phase Noise Measurement System



Sweep-Segments

Checking the Beatnote

NOTE

Expanding Your Measurement Experience
Testing the Agilent/HP 8644B Internal/External 10 MHz

Suppressionto continue making the noise measurement. The
measurement can be stopped by pressind\tiat key.

When the system begins measuring noise, it places the noise graph on its
display. As you watch the graph, you will see the system plot its
measurement results in frequency segments.

The system measures the noise level across its frequency offset range by
averaging the noise within smaller frequency segments. This technique
enables the system to optimize measurement speed while providing you with
the measurement resolution needed for most test applications.

When the measurement is complete, refeChapter 15, “Evaluating Your
Measurement Result$dr help in evaluating your measurement results. (If
the test system has problems completing the measurement, it will inform you
by placing a message on the computer display.

While the Connect Diagram is still displayed, recommend that you use an
oscilloscope (connected to the Monitor port on the Agilent/HP 70420A) or a
counter to check the beatnote being created between the reference source
and your device-under-test. The objective of checking the beatnote is to
ensure that the center frequencies of the two sources are close enough in
frequency to create a beatnote that is within the Capture Range of the
system.

The phase lock loop (PLL) Capture Range is 5% of the peak tuning range of
the VCO source you are using. (The peak tuning range for your VCO can be
estimated by multiplying the VCO tuning constant by the tune range of
VCO. Refer toChapter 15, “Evaluating Your Measurement ResLikkgbu

are not familiar with the relationship between the PLL capture range and the
peak tuning range of the VCO.)

If the center frequencies of the sources are not close enough to create a
beatnote within the capture range, the system will not be able to complete its
measurement.

The beatnote frequency is set by the relative frequency difference between
the two sources. If you have two very accurate sources set at the same
frequency, the resulting beatnote will be very close to 0 Hz.

Searching for the beatnote will require that you adjust the center frequency
of one of the sources above and below the frequency of the other source until
the beatnote appears on the oscilloscope’s display.

If incrementing the frequency of one of the sources does not produce a
beatnote, you will need to verify the presence of an output signal from each
source before proceeding.
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JAV/div

Figure 5-9 Oscilloscope Display of a Beatnote out of the Agilent/HP 70420A Monitor

Port
Making the 1. Click theContinue button when you have completed the beatnote check
Measurement and are ready to make the measurement.

2. When the PLL Suppression Curve dialog box appears, séiewst
Measured Loop SuppressionView Smoothed Loop Suppression
andView Adjusted Loop Suppression

Phase Locked Loop Suppression Calibration Factors EHE

Mote: Any Calibration Factors displayed below with an
unknown value have not been measured pet.
Suppression traces will only be displayed after calibration.

Thearetical and Actual Loop Suppression Factors

Ig Ga g un o o g B

100 1*® 10K

FLL Gain Change: 860E-3 dB
ElDSEd PLL BW 28823E+3 HZ ..............................................................................
Peak Tune Range: 100.5E+3Hz I¥ ‘iew Smoothed Loop Suppression
Assumed Pole: 89 48E+3Hz
I awirnum Error: 589.5E-3 dB ) ) :
Detector Constant: 59963 Wals/Radian I™ Wiew Theoretical Loop Suppression
CO Constant: 923 E+3Hz ol

V' Wiew Adjusted Theoretical Loop Suppression
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There are four different curves available for the this graph (for more
information about loop suppression verification, refeCtoapter 16,
“Advanced Software Features”

a. “Measured” loop suppression curve - this is the result of the loop
suppression measurement performed by the E5500 system;

b. “Smoothed” measured suppression curve - this is a curve-fit
representation of the measured results, it is used to compare with the
“theoretical” loop suppression;

c. “Theoretical” suppression curve - this is the predicted loop
suppression based on the initial loop parameters defined/selected for
this particular measurement (kphi, kvco, loop bandwidth, filters,
gain, etc).

d. “Adjusted” theoretical suppression curve - this is the new “adjusted”
theoretical value of suppression for this measurement - it is based on
changing loop parameters (in the theoretical response) to match the
“smoothed” measured curve as closely as possible;

When the measurement is complete, refeChapter 15, “Evaluating Your
Measurement Result$dr help in evaluating your measurement results.

Figure 5-5 on page 5-3¢hows a typical phase noise curve for a RF
Synthesizer.

!;Ei Conf_8644B_10MHz pnm - HP E5500 Phase Noize Measurement Subsystem

File Edit “iew Define Measure Analyze System Help

D[=(a| 8(r| Clele| x|E| « =@ of B
Confidence Test using HP 8644B Int vs Ext 10 MHz
HPESS00 Comier 1001E+6Hz  257ul1997 151%:53- 152104

100 1K 10K 100K 1M
L{f) [dBe/Hz] vs f [Hz]

For Help, press F1 [LocaL [IoLE i

Figure 5-10 Typical Phase Noise Curve for an Agilent/HP 8644B 10 MHz
Measurement.
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Table 5-8 Parameter Data for the Agilent/HP 8644B 10 MHz Measurement

« Carrier Source

* Downconverter

« Reference Source
¢ Timebase

¢ Phase Detector

« Test Set Tune Voltage
Destination

¢ VCO Tune Mode

Step Parameters Data
1 Type and Range Tab
Measurement Type Absolute Phase Noise (using a phase locked loop)
e Start Frequency 10 Hz
« Stop Frequency 2E +6Hz!
¢ Minimum Number of Averages 4
FFT Quality Fast
2 Sources Tab
Carrier Source
¢ Frequency 10E+6Hz
* Power 7 dBm
e Carrier Source Output is
connected to: Test Set
Detector Input
* Frequency 10 E +6 Hz
Reference Source
* Frequency 10 E +6 Hz (same as Carrier Source Frequency)
» Reference Source Power 16 dBm
VCO Tuning Parameters
* Nominal Tune Constant 1E +3 Hz/V
» Tune Range +/- +/- 10 Volts
¢ Center Voltage 0 Volts
¢ Input Resistance 600 ohms
3 Cal Tab
* Phase Detector Constant Measure Phase Detector Constant
¢ VCO Tune Constant Calculate from expected VCO Tune Constant
* Phase Lock Loop Suppression Verify calculated phase locked loop suppression
 If Limit is exceeded Show Suppression Graph
4 Block Diagram Tab

Manual

None

Agilent/HP 8644B

None

Automatic Detector Selection
Reference Source

DCFM

5-54 Agilent Technologies E5500 Phase Noise Measurement System



Expanding Your Measurement Experience

Testing the Agilent/HP 8644B Internal/External 10 MHz

Table 5-8 Parameter Data for the Agilent/HP 8644B 10 MHz Measurement

Step Parameters

Data

5 Test Set Tab
Input Attenuation
LNA Low Pass Filter

LNA Gain
DC Block
PLL Integrator Attenuation

0dB

20 MHz (Auto checked)

Auto Gain (Minimum Auto Gain - 14 dB)
Not checked

0dBm

6 Dowconverter Tab The downconverter parameters do not apply to this
measurement example.
7 Graph Tab
« Title Confidence Test using Agilent/HP 8644B Int vs Ext 10
» Graph Type MHz

X Scale Minimum
X Scale Maximum
Y Scale Minimum
Y Scale Maximum
Normalize trace data to a:

Scale trace data to a new
carrier frequency of:

Shift trace data DOWN by:
Trace Smoothing Amount
Power present at input of DUT

Single-sideband Noise (dBc/Hz)

10 Hz

4E+6Hz

0 dBc/Hz

- 170 dBc/Hz

1 Hz bandwidth

1 times the current carrier frequency

0dB
0
0dB

1. The Stop Frequency depends on the analyzers configured in your phase noise system.
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Viewing Markers

The marker function allows you to display the exact frequency and
amplitude of any point on the results graph. To access the marker function:

On theView menu, clickMarkers.

Untitled - HP ES500 Phase Moise Measurement Subsystem

Define  Measure  Analpze  Swstem  Help

DS St ol ] ¥l

Markers

Llear Graph
Fiefrezh Graph

Parameter Summary
Meazurement Definition
Spur List

FLL Suppreszion Graph
Instrument Connections
Meszage Log

Dizplay Preferences...

v Update Graph when Parameters are Changed

!;Ei Conf_8644B_10MHz pnm - HP E5500 Phase Noize Measurement Subsystem

File Edit “iew Define Measure Analyze System Help
D|s(@| @[] K|flo| x| < [0 @l |
Confidence Test using HP 8644B Int vs Ext 10 MHz
HP ESISDD C:anielr: IID.DIEHS ?Iz B : B 25I Jal 195:'? 1.5:1.8:53 - 15:?1:04 .

o e A—— i ___________________ JE__.MarkerFrequemy H

- : : 1. 120664062Hz |
"3 200E+3 Hz
‘4 GOOEH3Hz T

Lify [dBc/Hz] ws { [ Hz]

Marker 4 Frequency IBDDE+3 Hz  Amplitude |-84.38 dBc Add Marker I Delete Markerl Clear Markers |

For Help, press F1 [LocaL [IoLE i

Up to nine markers may be added. To remove the highlighted marker, click
the Deletebutton.
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Omitting Spurs

The Omit Spurs function plots the currently loaded results without
displaying any spurs that may be present.

1. OntheView menu, clickDisplay Preferences.

!;Ei FreeRF.pnm - HP E5500 Phase Moise Measurement Subsystem

File  Edit Define  Measure  Analpze  Swstem  Help
Ol v Toolbar 2
—l—I-l v Statuz Bar IE @I EI
v Markers
Meter

Llear Graph
Fiefrezh Graph

Parameter Summary
Meazurement Definition
Spur List

FLL Suppreszion Graph
Instrument Connections
Meszage Log

Dizplay Preferences...

v Update Graph when Parameters are Changed |

2. IntheDisplay Preferencedialog box, uncheciSpurs. Click OK

Dizplay Freferences EHE

V' Nuoise Eolor...l ‘ ‘ | Eolor...l ‘

v Title Eolor...l ‘ ¥ Arnotation Color...l ‘ it Catay |
Background Color |

V| Graticule Eolor...l
Default Colors |
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3. The Graph will be displayed without spurs. To re-display the spurs,
checkSpursin theDisplay Preferencedialog box.

!;Ei Conf_8644B_10MHz pnm - HP E5500 Phase Noize Measurement Subsystem

File Edit “iew Define Measure Analyze System Help
D|=(a| 2z Klelel x[E] 4 =5 [o B %
Confidence Test using HP 8644B Int vs Ext 10 MHz
HP ESISDD C:anielr: IID.DIEHS ?Iz B : B 25I Jal 195:'? 1.5:1.8:53 - 15:?1:04 .

A A—— R, JE...Marker Frequency ... Amp]ituds._é __________ T
a0k :

3 200E+3 Hz
4: 600E+3 Hz

1K

40
Lify [dBc/Hz] ws { [ Hz]
Marker 4 Frequency IBDDE+3 Hz  Amplitude |-84.38 dBc Add Marker I Delete Markerl Clear Markers |
For Help, press F1 [LocaL [IoLE i
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Displaying the Parameter Summary

The Parameter Summary function allows you to quickly review the
measurement parameter entries that were used for this measurement. The
parameter summary data is included when you print the graph.

1. OntheView menu, clickParameter Summay.

!;Ei FreeRF.pnm - HP E5500 Phase Moise Measurement Subsystem

File  Edit Define  Measure  Analpze  Swstem  Help
Ol |vloolbar El kg?
—l—I- v Statuz Bar 3' @I —I
Markers
Meter
Llear Graph
Fiefrezh Graph

Parameter Sumnmary
Meazurement Definition
Spur List

FLL Suppreszion Graph
Instrument Connections
Meszage Log

Dizplay Preferences...

v Update Graph when Parameters are Changed

2. TheParameter Summary Notepaddialog box appears. The data can
be printed or changed using standard Notepad functionality.

E Hp e5500 #3 - Hotepad M= 3
File Edit Search Help
Confidence Test using HP 86448 Int vs Ext 10 MHz =

Measurement time: 25 Jul 1997 15:18:53 - 15:21:04

Measurement type: Absolute phase noise {using a phase locked loop)

Start offset frequency: 10 Hz

Stop offset frequency: 2E+6 Hz

Minimum number of FFT averages: 4

Carrier Source frequency: 10.01E+6 Hz

Detector input frequency: 10.01E+6 Hz

Detector: Automatic detector selection

Mominal ¥CO tune constant: 1E+3 Hz/Volt

VCO input resistance: 600 Ohms

VCO center voltage: 0 Volts

WCO tune range: 10 Volts

Detector constant cal method: Derive from measured beatnote.

Detector constant: 732.331937E-3 ViRad

WCO tune constant cal method: Calculate the Tune Constant from nominal value.
Current YCO tune constant: 923.076923 Hz/Volt

PLL Integrator attenuation: 0 dB

Phase Locked Loop suppression was verified.

Theoretical loop suppression values were used.

Closed PLL BW: 702.52 Hz

Peak Tune Range: 8.83E+3 Hz

Assumed Pole: 29.5E+3 Hz

Carrier Source name: {(manual)

Reference Source name: HP 86448 ; VCO tuned using DC FM.

Time Base name: (hone)

Downconverter name: HP 704224 b
LMA gain: 56 dB =l
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Exporting Measurement Results

The Export Measurement Results function exports data in one of three types:
® “Exporting Trace Data” on page 5-61

¢ “Exporting Spur Data” on page 5-62

® “Exporting X-Y Data” on page 5-63

1. On theFile menu, point tdExport Results, then click on eithefirace
Data, Spur Data, or X-Y Data.

i Externally loaded file - HP E5500 Phase Hoise Measurement Subsystem
(WM Ecit “ieww Define Messure Analyze System  Help
ety Cirl+h IF QI o
Open... CHrl+Cr
Save Cirl+S
Save be...

¥ {

v Lze Title as Filename

Export Results Trace Data...
Spur Data...
Prirt... Cirl+P &
: ’ R- Data...
Print Presiewn
Print Setup...
Send...

1 conf_S644k_10mhz prm

2 RFSymtt_DCER.pnim

3 BBnoise_with_testset pnm

4 BBnoise_swithout_testset G941 0.pnm
S conf_86635_10mhz prm

B Conficence pnm

7 70427 _MFE9.6GHZ pnm

8 ab_1 5G_10%_100k_h3.pnm

Exit
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Exporting Trace Data 1. On theFile menu, point taExport Results, then click onTrace Data.

“iewe Define Measure Analyze System  Help

(=g Cirl+r
Open... Crl+C
Save Crl+5
Save Az
v Usze Title a= Filename HP E5500 Export ASCIH Trace Data

Trace Data... Start Offset |1 i} Hz Stop Offset |1 OE+3 Hz Mumber of points |1 uli]
) Spur Data...
Prirt... Cirh+R %Y Data... Data to export Frequency Distribution
Prirt Preyview b ’7(‘ Moize And Spurs & Noize Spus ’7(:' Logarithmic ¢ Linear
Print Setup...
Send... Data type IL[f] [Single-sideband noize] j
1 conf_8644b_10mhz.pnm 5 5
2 RFSynth_DCFM pnm Mommalize trace data to a |1 Hz bandwidth
3 BBnoize_with_testzet pnm Scale trace data to a new carier frequency of |1 times the cument carier frequency.

4 BBnoize_without_testzet 89410 pnm
5 conf_8663a_10mhz.pnm

B Confidence pnm

7 70427 _NF@9 6GHz pnm

8 ab_1.5G_10%_100k_h3.pnm

Shift trace data DOWH by ID dB
Trace Smoothing Amount IU 3:
Power present at input of DUT ID dBm

Exit

Save jn:

I 3 new_pmrn_files

=] =N

Ahnoize_001 _dbl prm

@ Abnoize_001 _int_cal pnm
@ Ahnoize_ext_dbl pnm

@ Basehand_blah pnm

@ conf_B2_man.pnm
Free_run_RF hmp

@ FreeRF pnm
Ina_high_res bmp
Ina_lovwe_res bimgp
@ Res_DC_pk.pnm
@ Res_Enter pnm
RF_syth_DCFM bimg

RF_syth_EFC bn
| RFsyrth_DCFM.
| RFsyrth_EFC pr
Stable_RF bmp
@ StableRF prim
@ Sys_wer pnm

| | i
Save I
j Cancel |

File name:

Save as type: IaII files [%.%)
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Exporting Spur Data 1. On theFile menu, point t&Export Results, then click onSpur Data.

xternally loaded file - HP E5500 Phase Hoise Measurement Subsystem
Edit “iew Define Measure Analyze System Help

[denn Ctrl+h Il | Io Ql kg?l ‘ L
Open... Crl+C
Save Crl+5
Save Az
v Lze Title a= Filename
Trace Data...
Spur Data...
Print... Cirl+P ;p\r' Dat
- a...
Prirt Preview = HP E5500 Export ASCIl Spur Data HE
Print Setup...
Lif) [Single-sideband noize =
— Datatype LI (Sing | =
1 cont_8644b_10mhz pnm Shift trace data DOWH by IU dB
i:;svrdh_D(;:Nl.p;me{ Save I 23 new_pn_files j | ﬁ(l
3 BBnoise_with_testset pnm
4 BBnoise_without_testset_59410 prm Ahnoize_001 _dbl prm @ FreeRF pnm RF_syth_EFC bn
5 conf_B663a_1 0mhz prm 9] AMnoise_001_int_calpnm (8] Ina_high_res.bmp | RFsyrth_DCFM.
& Confidence pim @ Ahnoize_ext_dbl pnm Ina_lovwe_res bimgp @ RFSynth_EFC.pr
7 70427 _NF@9.6GHz prim @ Basehand_blah pnm @ Res_DC_pk.pnm Stable_RF bmp
gab 1 S_G 10%_100k_h3 prm @ conf_B2_man.pnm @ Res_Enter pnm @ StableRF prim
I —— Free_run_RF bmp RF _syth_DCFM bimp @ Sys_ver pnm
Exit
| | i
Fie pame: [ see |
Save as type: IaII files [7.%) j Cancel |
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Exporting X-Y Data 1. On theFile menu, point td=xport Results, then click onX-Y Data.

| Externally loaded file - HP E5500 Phase Hoise Measurement Subsystem

Ed'rt “iewe Define Measure Analyze System  Help

ey Cirl+h IE QI

¥ {

Open... Crl+C
Save Crl+5
Save Az

v Lze Title a= Filename

B0 DER HP E5500 Export ASCIl X-Y

) Spur Data...

Prirt... Ctrl+P VB
- a...
Print Previewy L= (Eata t.o expart e -
q

Rt B Moize And Spurs HMoize Spurs
Send... . . -

=ne Diata type IL[f] [Single-sideband noize] j

1 conf_8644b_10mhz.pnm
2 RFSynth_DCFR pnm Mormalize trace datato a |1 Hz bandwidth

3 BBnoize_with_testset pnm .
» - Scale trace data to a new carier frequency of |1 i i
4 BBnoise_without_testset 83410 pnm q Y times the current carier frequency.
5 conf_8663a_10mhz pnm Shift trace data DOWH by IU dB
B Confidence pnm )
7 70427_NF@3 5GHz prm Trace Smoothing Amount IU 3.
e s L S Power present at input of DUT IU dBm
Exit
Save ir: I 23 new_pn_files j gl
AMnoise_D01_dblpnm | @] FreeRF prm RF_syth_EFC bn
@) AMnoise_001_irt_cal prm Ina_high_re= bimg | RFsyrth_DCFM.
@ Ahnoize_ext_dbl pnm Ina_lovwe_res bimgp @ RFSynth_EFC.pr
@ Basehand_blah pnm @ Res_DC_pk.pnm Stable_RF bmp
@ conf_B2_man.pnm @ Res_Enter pnm @ StableRF prim
Free_run_RF hmp RF _syth_DCFM bmp @ Sys_wer pnm
| | b

Save I
Save as ype: IAII Filez [*.%] j Cancel |

File name:
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What You'll Find in This Chapter

This chapter contains information about making absolute phase noise
measurements of signal sources. This information is fundamental to using
the Agilent E5500 phase noise measurement system. It is important that you
understand the concepts contained in this chapter in order to use the system
effectively.

The topics covered in this chapter include:

® The Phase Lock Loop Techniquepage 6-2

®* What Sets the Measurement Noise Floorpage 6-6
® Selecting a Referencegpage 6-8

¢ Estimating the Tuning Constant, page 6-11

®* Tracking Frequency Drift , page 6-12

® Changing the PTR, page 6-14

® Minimizing Injection Locking , page 6-16

® Inserting a Device page 6-18

¢ Evaluating Noise Above the Small Angle Linepage 6-20
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The Phase Lock Loop Technique

The phase lock loop measurement technique requires two signal sources; the
source-under-test and a reference source. This measurement type requires
that one of the two sources is a voltage-controlled-oscillator (VCO).

You will most likely use the phase lock loop technique since it is the
measurement type most commonly used for measuring signal source
devices. This chapter focuses on this measurement type for signal source
measurements.
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Absolute Measurement Fundamentals
The Phase Lock Loop Technique

This measurement technique requires two signal sources set up in a phase
locked loop (PLL) configuration. One of the sources is the unit-under-test
(UUT). The second source serves as the reference against which the UUT is
measured. (One of the two sources must be a VCO source capable of being
frequency tuned by the Systenfrigure 6-1 on page 6-8hows a simplified
diagram of the PLL configuration used for the measurement.

FILTER DETECTOR
OUTPUT

,cf—-u%]D Y - e—

PHASE ~ LOW-NOTSE \
DETECTOR LOW=PASS AMPLIFIER PHASE

;
I
PHASE LOCK
LOOP CONTROL '

R

TUNE VOLTAGE
- QUTRUT

—--

Figure 6-1 Simplified Block Diagram of the Phase Lock Loop Configuration

The Phase Lock Loop

Circuit

The Capture and Drift Tracking Ranges

Like other PLL circuits, the phase lock loop created for the measurement has
a Capture Range and a drift tracking range. The Capture Range is equal to
5% of the system’s peak tuning range, and the drift tracking range is equal to
24% of the system’s peak tuning range.

The system'’s peak tuning range is derived from the tuning characteristics of
the VCO source you are using for the measurentégure 6-2 on page 6-4
illustrates the relationship that typically exists between the VCO's
peak-to-peak tuning range and the tuning range of the system.

The system’s drift tracking range is limited to a small portion of the peak
tuning range to minimize the possibility of measurement accuracy
degradation caused by non-linearity across the VCO's tuning range.
Peak Tune Range (PTR)
PTR is determined using two parameters:
® VCO tuning sensitivity (Hz/\Volt)
¢ Total voltage tuning range (\Volts)
PTR = (VCO Tuning Sensitivity) X (Total Voltage Tuning Range)
PTR = (100 Hz/V) X (10 V) = 1000 Hz
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Total peak-to-peak tuning range of VCO
A

System
peak tuning range
AN

Drift
tracking range

—

| Capture |
| range |
| |

[
| | I |
24% 5% 5% 24%
VCO Source
Center Frequency

veotr.edr
Figure 6-2 Typical Relationship of Capture Range and Drift Tracking Range to Tuning Range of
VCO

As an Example:

A Peak Tuning Range of 1000 Hz will provide the following ranges:
Capture Range .05 X 1000 Hz =50 Hz

Drift Tracking Range =0.24 X 1000 Hz = 240 Hz

Tuning Requirements

The peak tuning range required for your measurement will depend on the
frequency stability of the two sources you are using. The signals from the

two sources are mixed in the system’s phase detector to create a beatnote. In
order for the loop to acquire lock, the center frequencies of the sources must
be close enough together to create a beatnote that is within the system’s
Capture Range. Once the loop is locked, the frequency of the beatnote must
remain within the drift tracking range for the duration of the measurement.

In Figure 6-3 on page 6;%he ranges calculated in the previous example are
marked to show their relationship to the beatnote frequency.
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Drift tracking range

_ A
I Capture I
range
- |
} 5% of the PTR
Beatnote

____'%___

I

I

I 24% of the PTR

I

| I

OHz B0Hz 240 Hz 1000 Hz

Beatnote2.cdr

Figure 6-3 Relationship of Capture and Drift Tracking Ranges to Beatnote Frequency

If the beatnote does not remain within the drift tracking range during the
measurement, the out of lock detector will be set and the System will stop
the measurement. If this happens, you will need to increase the system’s
drift tracking range by increasing the system’s peak tuning range (if
possible) or by selecting a VCO source with a greater tuning range.

Selecting the VCO Source

Although you must select a VCO source that will provide a sufficient tuning
range to permit the system to track the beatnote, keep in mind that a wide
tuning range typically means a higher noise level on the VCO source signal.
When the VCO source for your measurement is also the reference source,
this trade-off can make reference source selection the most critical aspect of
your measurement setup.

Specifying Your VCO Source

When you set up your PLL measurement, you will need to know four things
about the tuning characteristics of the VCO source you are using. The
System will determine the VCO source’s peak tuning range from these four

parameters.

® Tuning Constant, estimated tuning sensitivity (Hz/V)
® Center Voltage of Tuning Range, (V)

¢ Tune Range of VCO, (V)

[ ]

Input Resistance of Tuning Port, (ohms) if the tuning constant is not
to be measured.

The measurement examples in the next chapter that recommend a specific
VCO source will provide you with the tuning parameters for the specified
source.
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What Sets the Measurement Noise Floor?

The noise floor for your measurement will be set by two things:

The noise floor of the phase detector and low-noise amplifier (LNA)
® The noise level of the reference source you are using

The System Noise The noise floor of the system is directly related to the amplitude of the input
Floor signal at the R input port of the system’s phase detector.

The following table shows the amplitude ranges for the L and R ports.

Phase Detector

50 kHz to 1.6 GHz 1.21026.5 GHz ! 50 kHz to 26.5 GHz 2
Ref Input (L Port) Signal Input (R Ref Input (L Port) Signal Input (R AM Noise
Port) Port)
+ 15 dBm 0dBm + 7 dBm 0dBm 0dBm
to to to to to
+ 23 dBM + 23 dBM + 10 dBM + 5 dBM 20 dBM

1. Agilent/HP 70420A phase noise test set Options 001 and 201with no attenuation

2. Agilent/HP 70420A phase noise test set Option 001 with no attenuation

If the L port (reference input) signal is within the amplitude range shown in
the preceding table, the signal level at the R (signal ) input port sets the noise
floor for the system.

The following graph shows the relationship between the R (signal) input
level and the system noise floor.
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L Port Level = +15dBm

+15
€
S
= +b
$
[
-
E
5
n
o
x -15

-140 -150 -160 -170 -180
Expected Phase Noise Floor of Phase Detector and LNA (dBc/Hz)
f>10kHz

sysnoise.cdr

Figure 6-4 Relationship Between the R Input Level and System Noise Floor

The Noise Level of the  Unless it is below the system’s noise floor, the noise level of the source you

Reference Source are using as the reference source will set the noise floor for the
measurement. When you set up your measurement, you will want to use a
reference source with a noise level that is at or below the level of the source
you are going to measure.

The following graph demonstrates that as the noise level of the reference
source approaches the noise level of the UUT, the level measured by the
System (which is the sum of all noise sources affecting the system) is
increased above the actual noise level of the UUT.

2 \\

2.5 ——
\

1 2 3 4 5 10 15

AMOUNT EXPECTED DUT NOISE
EXCEEDS REFERENCE NOISE (dB)

INCREASE. IN MEASURED NOISE
DUE TO REFERENCE NOISE (dB)
4]

Figure 6-5 Increase in Measured Noise as Reference Source Noise Approaches UUT Noise
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INCREASE IN MEASURED
NOISE DUE TO
REFERENCE NOISE (dB)
8 s M
U e e ua e

Figure 6-6

Using a Similar Device

Selecting a Reference

Selecting an appropriate reference source is critical when you are making a
phase noise measurement using the phase lock loop technique. The key to
selecting a reference source is to compare the noise level of the reference
with the expected noise level of the unit-under-test (UUT). In general, the
lower the reference source’s noise level is below the expected noise level of
the UUT the better. (Keep in mind that you only need to be concerned about
the reference source’s noise level within the frequency offset range over
which you plan to measure the UUT.)

As shown by the graph iRigure 6-6 the further the reference source’s noise
level is below the noise level of the UUT, the less the reference source’s
noise will contribute to the measurement results.

[
\\

1 2 3 4 5 6 7 8 9 1811 12 13 14 15

DIFFERENCE BETWEEN DUT AND
REFERENCE NOISE LEVELS (dB)

Increase in Measured Noise As UUT Noise Approaches Reference Noise

The test system performs best when you are able to use a device similar to
the UUT as the reference source for your PLL measurement. Of course one
of the devices must be capable of being voltage tuned by the system to do
this.

To select a similar device for use as the reference source, you must establish
that the noise level of the reference source device is adequate to measure
your UUT. The Three Source Comparison technique enables you to
establish the actual noise levels of three comparable devices when two
devices are available in addition to the UUT.

If only one device is available in addition to the UUT, you can perform the
Phase Noise Using a Phase Locked Loop Measurement using these two
devices and know that the noise level of each of the devices is at least as
good as the measured results. (The measured results will represent the sum
of the noise of both devices.)
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Tuning Requirements
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When using a signal generator as a reference source, it is important that the
generator’s noise characteristics are adequate for measuring your device.

Often the reference source you select will also serve as the VCO source for
the PLL measurement. (The VCO source can be either the unit-under-test
(UUT) or the reference source.) To configure a PLL measurement, you will
need to know the following tuning information about the VCO source you
are using:

® Tuning Constant (Hz/V) (within a factor of 2)

¢ Tuning Voltage Range (V)

¢ Center Voltage of Tuning Range (V)

® Input Resistance of Tuning Port (ohms)

The primary consideration when evaluating a potential VCO source for your
measurement is whether it will provide the test system with sufficient
capture and drift tracking ranges to maintain lock throughout the
measurement. To make this determination, you must estimate what the drift
range of the sources you are using will be over the measurement period
(thirty minutes maximum). (Details on the relationship between the capture
and drift tracking ranges and the tuning range of the VCO source are
provided inTable 6-1 This information will help you evaluate your VCO
source based on the estimated drift of your sources.)

Table 6-1lists the tuning parameters for several VCO options.

Table 6-1 Tuning Characteristics of Various VCO Source Options

. . Center . Input Tuning
VCO Source CFarrerler Tunlng(;HC;(IJ\r;)s tant Voltage V(;;tz;alr?ee'l'(ur |\r;§; Resistance Calibration
9 ) ge (= Q) Method
Agilent/HP 8662/3A
EFC Ug SE-9xu, 0 10 1E+6 Measure
DCFM FM Deviation 0 10 1k (8662) Calculate
600 (8663) Calculate
Agilent/HP 8642A/B FM Deviation 0 10 600 Calculate
Agilent/HP 8644B FM Deviation 0 10 600 Calculate
Other Signal
Generato r FM Deviation 0 10 Rin Calculate
DCFM Calibrated for
1V
Other User VCO Estimated within a -10to See Figure 6-7 on 1E+6 Measure
Source factor of 2 +10 page 6-10
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_— MAX o~

Voltage Tuning Range (Volts)

MIN

-10 -5 -2 -1 -5 0 5 1 2 5 10

Center Voltage of VCO Tuning Curve (Volts)
| Center Voltage| + |Voltage Tuning Range| <12V

tunrange.cdr

Figure 6-7 Agilent/HP 70420A Voltage Tuning Range Limits Relative to Center
Voltage of the VCO Tuning Curve.
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Table 6-2

Estimating the Tuning Constant

The VCO tuning constant is the tuning sensitivity of the VCO source in

Hz/V. The required accuracy of the entered tuning constant value depends
on the VCO tuning constant calibration method specified for the
measurement. The calibration method is selected in the Calibr Process menu.
The following chart lists the calibration method choices and the tuning
constant accuracy required for each.

VCO Tuning Constant Calibration Method

VCO Tuning Constant Calibration Required Tuning Constant

Method (selected in calibration Accuracy (entered in parameter
screen) screen)

Use the current tuning constant Within a factor of 2 of actual value.
(must be accurate from a previous (Enter 1 E + 6 for Input
measurement of the same source). Resistance.)

Measure the VCO tuning constant Within a factor of 2 of actual value.

(Enter 1 E + 6 for Input
Resistance.)

Calculate from expected T. Constant Exact, within 5% of actual.
(Also requires that entered Input
Resistance value is accurate.)
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Evaluating Beatnote
Drift

Tracking Frequency Drift

The system’s frequency drift tracking capability for the phase lock loop
measurement is directly related to the tuning range of the VCO source being
used. The system’s drift tracking range is approximately 24% of the peak
tuning range (PTR) of the VCO.

PTR=VCO Tuning Constant X Voltage Tuning Range

This is the frequency range within which the beatnote signal created by the
Agilent/HP 70420A phase detector must remain throughout the
measurement period. In addition, the beatnote signal must remain within the
system’s Capture Range (5% of the PTR) during the time it takes the system
to calibrate and lock the phase lock loop.

The stability of the beatnote is a function of the combined frequency
stability of the sources being used for the measurement. If beatnote drift
prevents the beatnote from remaining within the Capture Range long enough
for the system to attain phase lock, the computer will inform you by
displaying a message. If the beatnote drifts beyond the drift tracking range
during the measurement, the computer will stop the measurement and
inform you that the system has lost lock.

The Checking the Beatnote section included in each phase lock loop
measurement example in this chapter provides a procedure for adjusting the
beatnote to within the Capture Range set for the measurement. If you have
not done so already, verify that the beatnote signal can be tuned to within the
Capture Range and that it will remain within the range.

Continue to observe the beatnote and verify that it will not drift beyond the
drift tracking range (24% of the PTR) during the measurement period. The
length of the measurement period is primarily a function of the frequency
offset range specified for the measurement (Start to Stop Frequency).

Action

If beatnote drift exceeds the limits of the Capture or drift tracking ranges set
for your measurement, the system will not be able to complete the
measurement. You have two possible alternatives.

1. Minimize beatnote drift.

¢ By Allowing sources to warm-up sufficiently.
® By Selecting a different reference source with less drift.

2. Increase the capture and drift tracking Ranges.
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® By Selecting a measurement example in this chapter that specifies a drift
rate compatible with the beatnote drift rate you have observed.

By Increasing the peak tuning range for the measurement. (Further
information about increasing the PTR is provided in Changing the PTR.)
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Changing the PTR

The peak tuning range (PTR) for the phase lock loop measurement is set by
the tune range entered for the VCO and the VCO's tuning constant. (If the
calibration technique is set to measure the VCO tuning constant, the
measured value will be used to determine the system’s PTR.)

PTR=VCO Tuning Constant X Voltage Tuning Range

From the PTR, the phase noise software derives the capture and drift
tracking Ranges for the measurement. These ranges set the frequency
stability requirements for the sources being used.

The PTR also determines the phase lock loop (PLL) bandwidth for the
measurement. An important attribute of the PLL bandwidth is that it
suppresses the close-in noise which would otherwise prevent the system
from locking the loop.

Total Peak-to-Peak Tuning Range of VCO

r A

| |

| |

| |

System Peak Tuning Range

i Y (PTR) grans i

: Drift Tracking Range :

! = *+24% PTR !

f_%

: : : Initial Tuning Accuracy :

: :Cipt;ggﬁ:?_?ge: Requiredis £5% of PTR :

: Lo i :

| |
| IR |
]
VCO Source
Center Frequency
Ptr.cdr

The Tuning Changing the PTR is accomplished by changing the tune range of VCO
Qualifications value or the VCO tuning constant value or both. There are several ways this

can be done. However, when considering these or any other options for
changing the PTR, it is important to remember that the VCO source must
always meet the following tuning qualifications.

® The tuning response of the VCO source must always remain monotonic.
® The VCO source’s output level must remain constant across its tuning
range.
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As long as these qualifications are met, and the software does not indicate
any difficulty in establishing its calibration criteria, an increase in PTR will
not degrade the system’s measurement accuracy.

The following methods may be considered for increasing or decreasing the
PTR.

Voltage-Controlled-Oscillators

1. Select adifferent VCO source that has the tuning capabilities needed for
the measurement.

2. Increase the tune range of the VCO source.

Be careful not to exceed the input voltage limitations of the Tune Port on the
VCO source.

Increasing the tune range of the VCO is only valid as long as the VCO
source is able to continuously meet the previously mentioned tuning
qualifications.

Signal Generators

1. If you are using a signal generator with a calibrated 1 Vpk DC FM Input
(such as the Agilent/HP 8640B, 8642A/B, 8656B, or 8662/3), the
\oltage tuning Range can be increased to 10 V as long as you select
Computed from the expected T. Constant in the Calibration Process
display. These signal generators continue to meet all of the previously
mentioned tuning qualifications across a 10V tuning range.

2. Increase the signal generator’s frequency deviation setting and set the
software to measure the new tuning constant or enter the increased
deviation if it is known. (Note that increasing the deviation setting often
increases the source’s noise level as well.)

3. Ifyou are using a synthesizer with Electronic-Frequency-Control (EFC)
capability such as the Agilent/HP 8662A or Agilent/HP 8663A, it is
possible to increase the tuning range of these sources using a VCO as an
external time base. When a compatible VCO source is connected to the
EXT INPUT on the Agilent/HP 8662/3, the tuning capability of the
VCO source is transferred to the synthesizer.
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Adding Isolation

Increasing the PLL
Bandwidth

NOTE

Minimizing Injection Locking

Injection locking occurs when a signal feeds back into an oscillator through
its output path. This can cause the oscillator to become locked to the injected
signal rather than to the reference signal for the phase locked loop.

Injection locking is possible whenever the buffering at the output of an
oscillator is not sufficient to prevent a signal from entering. If the injection
locking occurs at an offset frequency that is not well within the PLL
bandwidth set for the measurement, it can cause the system to lose phase
lock.

The best way to prevent injection locking is to isolate the output of the
source being injection locked (typically the unit-under-test) by increasing
the buffering at its output. This can be accomplished by inserting a low noise
amplifier and/or an attenuator between the output of the source being
injection locked and the Agilent/HP 70420A. (For information on
determining the effect that the amplifier noise will have on the measurement
noise floor, refer to Inserting a Device in this section.)

If the injection locking bandwidth is less or equal to the PLL bandwidth, it
may be possible to increase the PLL bandwidth sufficiently to complete the
measurement. The PLL bandwidth is increased by increasing the peak
tuning range (PTR) for the measurement.

The PTR for the measurement is set by the tuning characteristics of the VCO
source you are using. Notice Figure 6-8 on page 6-1fhat increasing the

PLL bandwidth can require a substantially larger increase in the PTR. For
information on the limitations of increasing the PTR, refer to Changing the
PTR in this section.

To estimate the PTR needed to prevent injection locking from causing the
system to lose lock:

1. Determine the injection locking bandwidth. Tune the beatnote toward 0O
Hz using the procedure described in the Checking the Beatnote section
of each phase lock loop measurement example in this chapter. When the
injection locking occurs, the beatnote will disappear. The injection
locking bandwidth is the frequency of the beatnote just prior to where
the injection locking occurs as the beatnote is tuned toward 0 Hz.
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2. Multiply the injection locking bandwidth by 2 to determine the
minimum PLL bandwidth required to prevent the injection locking from
causing the system to lose lock. (To prevent accuracy degradation, it
may be necessary to increase the PLL bandwidth to 4 X the injection
locking bandwidth. The computer will inform you during the
measurement if the possibility of accuracy degradation exists.)

3. Locate the required PLL bandwidthfigure 6-8to determine the PTR
required for the measurement. (For details on increasing the PTR, refer
to Changing the PTR in this section.

M
108K b4
12k ///
] /
ya
1k ////
100 ///
18 //
1
-1 LI LRI P | | 1 LI P | I I 1 I 1
1 1 18 180 1k 18k 188k IM  1BM 1@88M 1G

PEAK TUNING RANGE [Hz]

Figure 6-8 Peak Tuning Range (PTR) Required by Injection Locking.
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An Attenuator

An Amplifier

+ +
o o

Input Signal Level (dBm)
&

-15

Inserting a Device

You may find that some of your measurement setups require an in-line
device such as an attenuator in one of the signal source paths. (For example,
you may find it necessary to insert an attenuator at the output of a
unit-under-test (UUT) to prevent it from being injection locked to the
reference source.) The primary consideration when inserting an attenuator is
that the signal source has sufficient output amplitude to maintain the
required signal level at the Agilent/HP 70420A's phase detector input port
(as shown irFigure 6-9. The signal level required for the measurement
depends on the noise floor level needed to measure the UUT.

Figure 6-9shows the relationship between the signal level at the R port and
the measurement noise floor.

Ref Input Level +15 dBm

-140 -150 -160 -170 -180

Expected Phase Noise Floor of System (dBc/Hz)

f 210kHz

Figure 6-9 Measurement Noise Floor Relative to R Port Signal Level.

If a source is not able to provide a sufficient output level, or if additional
isolation is needed at the output, it may be necessary to insert a low
phase-noise RF amplifier at the output of the source.

Note, however, that the noise of the inserted amplifier will also be summed
into the measured noise level along with the noise of the source.

The Agilent/HP 70427A Option K22 dual RF amplifier was designed
specifically for this purpose. This instrument is the preferred solution for
tests requiring an external amplifier.

The following equation can be used to estimate what the measurement noise
floor is as a result of the added noise of an inserted amplifier:
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L(f) out = -174 dB + Amplifier Noise Figure - Power into Amplifier - 3dB

For Example,

AMPLIFIER

PIN = +7 dBm

NOISE FIGURE = 7.5 dB

L{f)=—-174dBm + 75 dB — (+7 dBm) — 3 dB
L(f) = —176.5dBe/ Hz

Figure 6-10 Measurement Noise Floor as a Result of an added Attenuator
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Determining the Phase
Lock Loop Bandwidth

Evaluating Noise Above the Small Angle Line

If the average noise level on the input signals exceeds approximately 0.1
radians RMS integrated outside of the Phase Lock Loop (PLL) bandwidth, it
can prevent the system from attaining phase lock.

The following procedure allows you to evaluate the beatnote created
between the two sources being measured. The intent is to verify that the PLL
bandwidth is adequate to prevent the noise on the two sources from causing
the system to lose lock.

If the computer is displaying the hardware Connect Diagram you are ready
to begin this procedure. (If it is not, begin a New Measurement and proceed
until the hardware Connect Diagram appears on the display.)

1. Determine the Peak Tuning Range (PTR) of your VCO by multiplying
the VCO Tuning Constant by the Tune Range of VCO value entered. (If
the phase noise software has measured the VCO Tuning Constant, use
the measured value.)

PTR = VCO Tuning Constant X Voltage Tuning

For Example,

PTR = 100%X10V =1kHz

2. Estimate the Phase Lock Loop (PLL) bandwidth for the measurement
using the PTR of your VCO and the graphRigure 6-11 on page 6-21

Observing the Beatnote

If the beatnote frequency is below XXX kHz it will appear on the

Agilent/HP E4411A RF analyzer’s display in both the frequency domain and
the time domain. If the beatnote does not appear on the RF analyzer, then the
beatnote is either greater than XXX kHz or it does not exist.

If incrementing the frequency of one of the sources does not produce a
beatnote within XXX kHz, you will need to verify the presence of an output
signal from each source before proceeding.
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iM
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Figure 6-11 Graph of Phase Lock Loop Bandwidth Provided by the Peak Tuning
Range

1. Once the beatnote is displayed, press the press [[RANGE ]] , press
[[AUTO RANGE OFF]], and press [[SINGLE AUTO RANGE ]] on
the RF analyzer.

2. Set the span width on the RF analyzer to approximately 4 x PLL
bandwidth. Adjust the beatnote to position it near the center of the
display.

NOTE

If you are not able to tune the beatnote to 2 X PLL bandwidth (center of
display) due to frequency drift, refer to Tracking Frequency Drift in this
section for information about measuring drifting signals. If you are able to
locate the beatnote, but it distorts and then disappears as you adjust it
towards 0 Hz, then your sources are injection locking to each other. Set the
beatnote to the lowest frequency possible before injection locking occurs
and then refer to !'Minimizing Injection Locking!! in this section for
recommended actions.

3. Pressthe [[ AVG ]] key, and then the RMS key. Wait for the trace to
return and then press [[ MKR ]J] and MKR to Peak.

4. Press [[ REL MKR]], and MKR REF.

5. Press the [[ DEFINE TRACE ]]press the [[ and the MATH FUNCTION
keys.
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6.

Using the --> key on the RF analyzer, offset the marker by the PLL
bandwidth. Read the offset frequency and noise level indicated at the
bottom of the display. (If the noise level falls below the bottom of the
display, the marker reading will still be correct. To increase the vertical
scale, press [[ VERT SCALE ]] press [[, DEFINE DB/DIV, and enter 20
dB.)

Compare the average noise level at the PLL bandwidth offset to the
small angle criterion level shown on the graphFigure 6-12 on

page 6-22The average noise level of the signal must remain below the
small angle line at all offset frequencies beyond the PLL bandwidth.
(The small angle line applies only to the level of the average noise. Spur
levels that exceed the small angle line will not degrade measurement
accuracy provided they do not exceed -40 dBc.)

0 HE ES500  Cuarrier: 100E+G Ha 10 Drec 1007 10:45.06 - 10:45.54

10 100 1K 10K 100E 1M 10M
L(fy [dBc/He] ws f [Hz]

Figure 6-12 Graph of Small Angle Line and Spur Limit

8.

10.

Continue moving the marker to the right to verify that the average noise
level remains below the small angle line.

Increase the span by a factor of ten by selecting FREQ and DEFINE
SPAN. Continue comparing the noise level to the graph.

Continue to increase the span width and compare the noise level out to
100 kHz. (If the noise level exceeds the small angle line at any offset
frequency beyond the PLL bandwidth, note the offset frequency and
level of the noise. Use the graphfiigure 6-13 on page 6-28

determine the Peak Tuning Range (PTR) necessary to provide a
sufficient PLL bandwidth to make the measurement.
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Figure 6-13 Graph Showing Peak Tuning Range Requirements for Noise that Exceeds
the Small Angle Limit

Measurement Options

If the observed level exceeded the small angle line at any point beyond the
PLL bandwidth set for the measurement, you will need to consider one of
the following measurement options.

1. Evaluate your source using the noise data provided by the RF analyzer
in the procedure you just performed.

2. Increase the PTR if possible, to provide a sufficient PLL bandwidth to
suppress the noise. (For information on increasing the PTR, refer to
Changing the PTR in this section.)

3. Reduce the noise level of the signal sources.

4. Use the Discriminator technique to measure the phase noise level of
your source.
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What You'll Find in This Chapter

® Measurement Examples

0

O

0

Stable RF Oscillator, page 7-2 (StableRF.pnm)

Free-Running RF Oscillator, page 7-24 (FreeRF.pnm)

RF Synthesizer using DCFM page 7-48 (RFSynth_ DCFM.pnm)
RF Synthesizer using EFC page 7-72 (RFSynth_EFC.pnm)
Microwave Source page 7-97 (MicroSRC.pnm)

To prevent damage to the Agilent/HP 70420A test set’s hardware
components, the input signadust notbe applied to the signal input
connector until the input attenuator has been correctly set for the desired
configuration, as show ifiable 7-3 on page 7-RApply the input signal

when theConnection Diagramappears.

Agilent Technologies E5500 Phase Noise Measurement System 7-1



Absolute Measurement Examples
Stable RF Oscillator

Stable RF Oscillator

This measurement example will help you measure the phase noise of a stable
RF oscillator with frequency drift of <20 ppm over a period of thirty
minutes.

CAUTION To prevent damage to the Agilent/HP 70420A test set’s hardware
components, the input signadust notbe applied to the signal input
connector until the input attenuator has been correctly set for the desired
configuration, as show ifiable 7-3 on page 7-#Apply the input signal
when theConnection Diagramappears.

Required Equipment The following equipment is required for this example in addition the phase
noise test system and your unit-under-test (UUT).

NOTE To ensure accurate measurements, you should allow the UUT and
measurement equipment to warm up at least one hour before making the
noise measurement.

Table 7-1 Required Equipment for the Stable RF
Oscillator Measurement Example

Equipment Quantity Comments

VCO Reference Source 1 Refer to Chapter 6, “Selecting a
Referencetor more information
about reference source
requirements

Coax Cables And adequate adapters to connect
the UUT and reference source to
the test set.
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Defining the 1. From theFile menu, choos®©pen.
Measurement

Edit Wiew Define Meas
Cirl+M
Open... Cirl+0
Save Chil+5
Save fz...

Ex=port Results 3

Frint... Chil+F
Frint Prewview
Frint Setup...

Send...

1 Confidence. pnm

2 FreeRF.pnm

3 MicroSRC. pnm

4 Residual pnm

B RFSynth_EFC.pnm
E Moize_1.pnm

7 Moize_2 pnm

8 Moize_3.pnm

Exit

2. If necessary, choose the drive or directory where the file you want is
stored.

3. Inthe File Name box, choos&tableRF.pnni'.

Open 21=]
Lok in: IaTestFiles j gl BoEC EE

m Confidence. pnm
m FreeRF.pnm
m MicroSRC. pnm

m Fiesidual pnm

(@] RFSynth_DCFM.prm
3] RFSynth_EFC.phm

File name: IStabIeHF.pnm Open I
Files of lpe: IHP E&500 Measurement Files (% prm) j Cancel |

4. Click theOpenbutton.

The appropriate measurement definition parameters for this example
have been pre-stored in this filéable 7-4 on page 7-2ksts the
parameter data that has been entered for the Stable RF Source
measurement example.)

NOTE Note that the source parameters entered for stepralite 7-4may not be
appropriate for the reference source you are using. To change these values,
refer toTable 7-2 on page 7;4hen continue with step “a”. Otherwise, go to
“Beginning the Measurement” on page 7-8
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= Measurement...
— Limit Lines...
Security Level...

EFT Segment Takle

Sweept Segment Table

(WS hMeasure  Analyze System  Help

a. From theDefine menu, choos&leasurement;then choose the

Sourcestab from theDefine Measurementwindow.

b. Enter the carrier (center) frequency of your UUT (5 MHz to 1.6
GHz). Enter the same frequency for the detector input frequency.

a o

Enter the Tune Range of VCO (s&able 7-3.
e. Enter the Center Voltage of VCO (s€able 7-3.
f. Enter the Input Resistance of VCO (skable 7-3.

!;Z-" “onfidence Test using HP 3663A Int vs Ext 10 MHz - HP E5500 Phase Hoise Measureme... !E[ E
File Edit ‘iew

xJel g o] ol 5 ]

HP E5500 [ 7]x]
Type and Range  Sources | Cal I Block. Diagraml Test Setl Downconverterl Graph I
Absolute Phase Moise [using a phaze locked loop)
—Eamer Source———
< Frequency I Hz Power I? dBm
Carrier Source Output is connected ta: & Test Set ' Downconverter
— Detector Input Frequency Fieference Source
|1UE+5 Hz ’7 Frequency |1UE+B Hz Power |15 dBm
Detector Input Frequency = Reference Source Frequency multiplied by [ |1 ! |1 ]
o

~YCO Tuning P
mﬁfune Constant |1 E+3 Hz #¥alt Center Yoltage IU Wolts

The Tune Range iz within the: limits of
from +/-0.20 to +/-10.00 Yalts,
az required by the current Center Yoltage setting.

Prezet |

Tune Range +/- |1 0 WVolts Input Resistance IBDD Ohmg
I Ewimum &llowed Deyiation fram Center Yoliage I‘I T

Enter the VCO (Nominal) Tuning Constant (Sesble 7-3.

Cloze

Help |

Table 7-2 Tuning Characteristics for Various Sources

. . Center . Input Tuning
VCO Source CFarr:er Tunln%HC;(/J\r;)s tant Voltage V(gg?eezur |\r/1§; Resistance Calibration

q: ) ge (= Q) Method

Agilent/HP 8662/3A

EFC Ug SE-9xu, 0 10 1IE+6 Measure
DCFM FM Deviation 0 10 1 K (8662) Compute
600 (8663) Compute
Agilent/HP 8642A/B FM Deviation 0 10 600 Compute
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. . Center . Input Tuning
VCO Source CFarr:er Tunlng(]H(?/)\?)s tant Voltage V(;:t:r?ee'l'(u_’r_\ I\r;? Resistance Calibration
q: ) ge (= Q) Method
Agilent/HP 8644B FM Deviation 0 10 600 Compute
Other Signal
Generato r FM Deviation 0 10 Rin Compute
DCFM Calibrated for
1V
Other User VCO Estimated within a -10to 1E+6 Measure
Source factor of 2 +10

Selecting a Reference 1. From theDefine menu, choosdeasurement;then choose thBlock
Source Diagram tab from theDefine Measurementwindow.

2. From theReference Sourcepull-down list, selecyour source.

_;Z-' Confidence Test using HP §663A Int vs Ext 10 MHz - HP E5500 Phase Hoise Measureme... [I[=] E3

File Edit ‘iew
||| cEE »|

———— — LimitLines..

Security Level...

GEM Measure  Analyze System  Help

|| =1 o] @

EFT Segment Takle HP E5500 ﬂ E

Sweept Segment Table .
_ Typeand Hangel Sourcesl Cal Block Diagram | Test Setl Downconverterl Graph I

Absolute Phase Moise [using a phaze locked loop)

s Phase Detector
I[none] ’7 IAutomatic Detector Selection j
' None
£ System Cornbrol
 Marwal
" Egternal Test Set Tune Voltage
 Reference Source ] IFant Panel 'l
etk [ ] Destination [Ret 5 |
1o | (marual) ‘-\{ estination | Reference Source
; b VL0 Tune Mode
= (imetiase
oo 7\/ C oo, & DCFM
ﬂl I[none] Reference Source—————————————

(

Aszzet Manager | Frezet |
Cloze | Help |

3. When you have completed these operations, cliciCliesebutton
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1. From theDefine menu, choos&leasurement;then choose th€al tab

from theDefine Measurementwindow.

2. IntheCal dialog box, checWkerify calculated phase locked loop
suppressionandAlways Show Suppression GraphSelectf limit is

exceeded: Show Loop Suppression Graph

!;Ei Confidence Test using HP 8663A Int vs Ext 10 MHz - HP E5500 Phase Hoise Measureme... !E[ E

File Edlit 'iews gl

Di=z|E| £

Security Level...

EFT Segment Takle
Sweept Segment Table

Setup Considerations
for the Stable RF
Oscillator
Measurement

M Messure  Analyze System  Help

— Limit Lines...

x|El = o] 2l & ¥
HP E5500
Type and Hangel Sources  Cal | Block. Diagraml Test Setl Downconverterl Graph I

Absolute Phase Moise [using a phaze locked loop)
Phase Detector Constant

" Use curent phase detectar constant
' Measure phase detector constant

Current Phaze Detector Constant |4?BE-3 Wolts / Radian

%CO Tune Constant

' Use current YCO tune constant
' Measure YO tune constant

& Calculate from expected YCO tune constant using tune port resistance

Current %CO Tune Constant |923.1 Hz /Walt
Expected ¥CO Tune Constant |923.1 Hz /%ol

Phase Locked Loop Suppression

v erify calculated phase locked loop suppression W ilways Show Suppression Graph

b aximum Suppreszion Error Limit |1 dB

If Limit i exceeded: ' Use thearstical values ¢ Use adjusted values <% Shaw Suppression Grap

Prezet |

Cloze

Help |

3. When you have completed these operations, cliciCllesebutton

Measurement Noise Floor

The signal amplitude at the R input (Signal Input) port on the Agilent/HP

70420A sets the measurement noise floor level. Use the following graph to
determine the amplitude required to provide a noise floor level that is below

the expected noise floor of your UUT. (The Checking the Beatnote
procedure in this section will provide you with an opportunity to estimate
the measurement noise floor that your UUT will provide.)
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Ref Input Level +15 dBm

+
[$)]

+
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Input Signal Level (dBm)
&

-15
-140 -150 -160 -170 -180

Expected Phase Noise Floor of System (dBc/Hz)
f>10kHz

Figure 7-1 Noise Floor for the Stable RF Oscillator Measurement
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!;Ei Externally loaded file - HP E5500 Phase Hoise Measurement Subsystem
File Edit “iew Define Measure Analyze System Help

D|=(E| 8|0 £ Bl®lo| x[E| = of | F| X
Confidence Test using HP 86634 Int ws Ext 10 MHz
o EEESS00_Comier: 10E4S By HoSpws : 71997 17:18:44 - 17:30:55

-10F
20|
21|
41|
50|
60|
70|
&)
0|
100
110
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140
150
160
170
BEN
BL

100E-3 1 1 100 1K 10K 100K 1 10h1

WE3 Lif) [dBe/Hz] s f [Hz]

[ozAL [IDLE 7

Figure 7-2 Noise Floor Example

If the output amplitude of your UUT is not sufficient to provide an adequate
measurement noise floor, it will be necessary to insert a low-noise amplifier
between the UUT and the test set. Refer to “Inserting an Device” in
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Chapter 6, “Absolute Measurement Fundamentfstetails on
determining the effect the amplifiers noise will have on the measured noise
floor.

VCO Reference Source

This setup calls for a second signal source that is a similar type to that of the
UUT. The second source is used as the reference source. In order for the
noise measurement results to accurately represent the noise of the UUT, the
noise level of the reference source should be below the expected noise level
of the UUT. (For additional help in selecting an appropriate reference
source, refer t&€hapter 6, “Selecting a Reference”

Beginning the 1. From theMeasurementmenu, choosélew Measurement
Measurement

!;Ei Confidence_pnm - HP E5500 Phase Noize Measuremen
File Edit “iew Define

D|=|E| 2|

Analyze  Spsterm  Help

nent

Bepeat Measurement
Abort Measurement
Fieal-Time Monitor

v Clear Graph before measurement
v Pauze at Connect Diagram

2. When thePerform a New Calibration and Measurementdialog box
appears, clicloK.

HP E5500 [X]

& Perfarm a Mew Calibration and Measurement?

Canicel

i

3. When theConnect Diagramdialog box appears, click on the hardware
down arrow and select your hardware configuration from the pull-down
list.

Confirm your connections as shown in the connect diagram. At this time
connect your UUT and reference sources to the test set. The input
attenuator (Option 001 only) has now been correctly configured based
on your measurement definition.

CAUTION The Agilent/HP 70420A test set’s signal input is subject to the following
limits and characteristics:
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Table 7-3  Agilent/HP 70420A Test Set Signal Input Limits and Characteristics

Limits

Frequency 50 kHz to 1.6 GHz (Std)
50 kHz to 26.5 GHz (Option 001)
50 kHz to 26.5 GHz (Option 201)

Maximum Signal Input Power Sum of the reference and signal input
power shall not exceed +23 dBm

At Attenuator Output, Operating Level

Range:
¢ RF Phase Detectors 0 to +23 dBm (Signal Input)

+15 to +23 dBm (Reference Input)
« Microwave Phase Detectors 0 to +5 dBm (Signal Input)

+7 to +10 dBm (Reference Input)
« Internal AM Detector 0to +20 dBm

* Downconverters:

Agilent/HP 70422A 0to +30 dBm
Agilent/HP 70427A +5to +15 dBm
CAUTION:

To prevent damage to the Agilent/HP 70420A test set's hardware components,
the input signal must not be applied to the test set’s signal input connector until
the input attenuator (Option 001) has been correctly set by the phase noise
software, which will occur at the connection diagram.

Characteristics:
Input Impedance 50 ohm Nominal
AM Noise dc coupled to 50 ohm load
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HP E5500 Instrument Connections

Werify Connections
Jul 26,1997 16:57:47

DUT

TUNE

g OUTPUT| @E\

O O

REFERENCE © ©
TUNE

IN OUE-UT y

G y

(e e A EH P 704208, option 0071 test set only

— Control Panel

EFT &nalyzer

Swept Saalizer | TestSet | Downconverter | Bhiase Shifter |

Larrier Source

Eeference Saurze | Fresidua Saumze | [Calibration Source | Erequerncy Eounterl

— Tuning Yoltage

ID 3: - I‘ID -
Center Wolts  Range +/ WVolts ’WI Abort | el |

Figure 7-3 Connect Diagram for the Stable RF Oscillator Measurement

4. Refer to the following system connect diagram examples for more
information about system interconnections:

0

O

NOTE

“E5501A Standard Connect Diagram Example” on page 7-11
“E5501B Standard Connect Diagram Example” on page 7-35
“E5502A Option 001 Connect Diagram Example” on page 7-13
“E5503B Option 001 Connect Diagram Example” on page 7-16
“E5504A Option 201 Connect Diagram Example” on page 7-17
“E5504B Option 201 Connect Diagram Example” on page 7-18

For additional examples, refer @hapter 19, “Connect Diagrams”
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E5501A Standard Connect Diagram Example

HP E5501A Standard Phase Noise System

( N
VXI MAINFRAME

OSCILLOSCOPE

]0000000

i
|

i
i

\ / MXI CABLE I
7
HP 70001A MAINFRAME
HP 70420A STD TEST SET
DUt = Oje y
e : oo
OPTIONAL REFERENCE
HPIB SIGNAL GENERATOR
System PC Controller —
E=——m10]
L/
E5500 Software
License Key
PC-MXI Card @
—
HP 70420A Standard Test Set
HP 70420A TEST SET
DUT HP4B — STATUS — | _— To Reference
Source Input ~ lpooojloo ‘ Source
INPUT N REF INPUT
SIGNAL NOISE 50 kHz-1800MHz
© =
1V Pk
50 kHz-1600 MHz 0.01 Hz-100 MHZ/ +15 dBm MIN
. — To HP 1420
SPESTES;: RF ANAITVHZAEHEDET OUTPMU(;NITDH // — or Oscilloscope
—_—
Analyzer (O @""‘
ANALYZER ANALYZER TUNE VOLTAGE
<100 kHz <100 MHz 50 Q2 20mA MAX [ DC OUt
s Tune Voltage
100 W/1.25 LPS

€5500/90001 /art/5501 astd.cdr
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E5501B Standard Connect Diagram Example

HP E5501B Standard Phase Noise System

OSCILLOSCOPE (Recommended)

OPTIONAL
FREQUENCY COUNTER

(o e [—
T opooon
10000000000 @ @@

HP 70001A MAINFRAME
HP 70420A STD TEST SET

DUT = ol

To HP 70420A
Rear Panel
Noise Source Input

iy

J

OPTIONAL REFERENCE
SIGNAL GENERATOR

o
Digitizer |8
System PC Controller =TI = 2BEE TS oo o
g i8S SHROHRSC -
o BBR a— -7 T o
Digitizer
E5500 Software Output
License Key
PC-Digitizer Card [_-E:—II HP E4411A
9 < HP-1B SPECTRUM ANALYZER
e p—
L=
= coooo
R %888 &
858 8
888 8

nOOOOoQ oo

—

HP 70420A Standard Test Set

HP 70420A TEST SET

DUT p HPIB STATUS / -IR—oeference
Source Input ~ \w@ Source

INPUT ’ REF INPUT
SIGNAL NOISE 50 kHz-1600MHz
500
50 kHz-1600 MHz ~ 0.01 Hz-100 MHz | +15 dBmMIN TO Osci”oscope or
—— Counter Monitor

S RTFSA it L]
ectrum ————
“ /
/i)nalyzer \\YQ
ANALYZER ANALYZER TUNEVOLTAGE
ToPCDigiizer | TEEC @ DC out
Yellow Cable — <100kHz <100 MHz 50 Q2 20mA MAX \\ Tune Voltage

100 W/1.25 LPS.

©5500/90002/art/5501 bstd.cdr
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E5502A Option 001 Connect Diagram Example

E5502A Opt. 001 Phase Noise System

OSCILOSCOPE

VXI MAINFRAME

()

_B—a ELE E1430A FFT ANALYZER
=7 ¥ 0q [F1441AARB
OPTIONAL |
FREQUENCY COUNTER - 14208 Counter
[l 1 - vXI- MXI Bus
0000000000 ";"é"g : Ll ==
U N MXI CABLE J %
894107 ( 70001A MAINFRAME
VECTOR SIGNAL ANALYZER
_— 70420A OPT. 001 70421A
S = = 70420A
—N E DUT ofe o m o Rear Panel
S 7 'd | S 3 ° Noise Source Input
S —N oMy
o ® goeg Y
SOURCE! 1CH1
OUTPUT]  Vemmmedn 7\
-‘—------------------ ----'L J/
GPIB
System PC Controller
—
E5500 Software = [© OPTIONAL REFERENCE
License Key - SIGNAL GENERATOR
PC-MXI Card
L/ 8563E
e % SPECTRUM ANALYZER
= = \ ° oooo
T )| — o 55538
oo oo \|le = :> = 83888
o 828 8
[s DOOOOO@DUEEEE

70420A Opt. 001 Test Set

N

70421A Downconverter

70420AOPT 001 TEST SET

ool
O =0 © O
\

RF ANALYZER

MONITOR

FROM 10
DOWNCCRVERTER DOWNCONVERTER|

TUNE VOLTAGE

©)

ek

i
J

ouTOF Lack
o

b0 20mA

704214 DOWNCONVERTER

i STATUS:
ooooloo

outRUT

100 W 25 1PS

To DUT To Signal Input Downconverted
RF Output E1420 or Reference to be Output to Test Set
RESA Oscilloscope To 1430A Source  pe Tuning Out Downconverted Signal Input
Spectum Anadlog In Voltage
Analyzer

€5500/90001/art/5502a001. pcx
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E5502B Option 001 Connect Diagram Example

E5502B Opt. 001 Phase Noise System

OSCILLOSCOPE (Recommended)

OPTIONAL
FREQUENCY COUNTER
o— | —
0000000000 n@”@ng
il ~
70001A MAINFRAME
70420A OPT. 001 70421A
DUT o | T
7 £ 12D
ofj— T----
To 70420A —N
Rear Panel Vi
Noise Source Input /
\
J L )
e OPTIONAL REFERENCE
Digitizer | © SIGNAL GENERATOR
Input O
g
System PC Controller ° o} Oooo Do DOoO
= || )~ R e
n88 2 E@DEEED O =
Digitizer o BRE ©° = <
Output
E5500 Software
License Key
P E 8563E
PC-Digitizer Card K SPECTRUM ANALYZER
E = S3s22
=] ooooo
[ —> Sseees
ooo o
[+] ago o
©00000¢ oo 888 8
- J
70420A Opt 001 70421A Downconverter
70420A0OPT 001 TESTSET 704214 DOWNCONVERTER
K@ﬂp{g NO\SE U\HM?—z 17GH1 L
mm rss [Dgomfg;w onteoL [ AL
@ o+ LeNe |k
e L T __J
ovrorionn
To DUT To PC Signal Input Downconverted
RF Output Digitizer Refere nce to be Output to Test Set
Yellow Cable) Downconverted Signal Input
RFsA Source b Tyning Out gnaring
Spectrum Oscnloscope Voltage
Analyzer or Counter
Monitor €5500/90002/art/5502b001 .cdr
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E5503A Option 001 Connect Diagram Example

HP E5503A Opt. 001 Phase Noise System

( )

OSCILLOSCOPE B i oo cooo
ooo

> 4

o o o o

L] 0000000

o 0 O

\ ) MXI CABLE J LN : :“

HP 70001A MAINFRAME
HP 70420A OPT. 001 HP 70422A

T,

HPIB

OPTIONAL REFERENCE
SIGNAL GENERATOR

System PC Controller

E5500 Software
License Key
PC-MXI Card

HP 8563E
SPECTRUM ANALYZER

i

)

. =
£ 0000 0@ oo aaa g

. \ ]
HP 70420A Opt. 001 Test Set HP 70422A Downconverter

HP 704204 OPT 001 TESTSET HP 70422A DOWNGONVERTER

HRIB STATUS HRE STATUS
ooool|oo
oooo|oo

cutrur

INPUT FEF INPUT
SGNAL NOSE 50K 1800MHz 12265 GHz

HO) ©
\ [

FREM 0
oowncWERTER, DOWNCONVERTER

TUNE VOLTAGE

ouT oF Lock
o o)
Q0 20ma W

PHASE DETOUTPUT MY
e ALY ZER MaNIToR

100 W1 25 LPS

Yoo wi251ps

/ \

To DUT To Signal Input Downconverted
RF Output HPE1420 or Reference to be Output to Test Set
RESA Oscilloscope To HP1430A Source po Tuning Out Downconverted Signal Input
Spectrum Analog In Voltage
Analyzer

e5500/90001 /art/5503a001.cdr
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E5503B Option 001 Connect Diagram Example

HP E5503B Opt. 001 Phase Noise System

OSCILLOSCOPE (Recommended)

OPTIONAL
FREQUENCY COUNTER

5 N[ - Qoo O
V] 0000000000 ‘T;g".’g

4L

HP 70001A MAINFRAME
HP 70420A OPT. 001 HP 70422A

DUT — > op

ofe O i)o
r- 2 oi-r7oole o
o
—

o) 0000000

To HP 70420A
Rear Panel
Noise Source Input

JL%

OPTIONAL REFERENCE
SIGNAL GENERATOR

Digitizer
Input

System PC Controller = [°

O eee 0 OO0

Yellow Cable

g e A ER e
=}
H sEH0EERE O 2

o o

E5500 Software
License Key
PC-Digitizer Card

HP 8563E
SPECTRUM ANALYZER

o

9 ooooo

T
B =

[ —> E S gzess

a Ogga s
©00000@ oo ana a

—

HP 70420A Opt. 001

HP 70422ADownconverter

HP 70420A OPT 001 TEST SET
HPAB STATUS.
oooo|oao

INPUT REF INPUT

HP 70422/ DOWNCONVERTER
WP sTATUS
Dooo|oo

INFUT p— 0UTRUT

o
O =G | G
PHASE DET OUTPUT M-y AN AUXLO.
'AF ANALYZER MONITOR
oonnCAUERTEN_oomodRvERTER
e vomee |
5 )
{ B T \ \ wown 2515
To DUT To PC To Signal Input Downconverted
RF Output Digitizer Reference to be Output to Test Set
Yellow Cable . Downconverted Signal Input
RFsA ) T Source DG Tuning Out gnatinp
Spectrum Oscilloscope Voltage
Analyzer or Counter
Monitor €5500/90002/art/5508b001 .cdr
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E5504A Option 201 Connect Diagram Example

HP E5504A Opt. 201Phase Noise System

a )
VXI MAINFRAME

OSCILLOSCOPE lo] i 5o sooo

7

o o 0 0

] 0oooooo

o o o

rMX| CABLE ) k EI:]

HP 70001A MAINFRAME
HP 70420A OPT. 001 HP 70427A

DUT |t ofe o 5 T6
) glo o J

r

< \

~

HPB

OPTIONAL REFERENCE
SIGNAL GENERATOR

System PC Controller

MXI CABLE

o 0.0

E5500 Software
License Key

PC-MXI Card E w,

—
— < HEB OPTIONAL RFSA
= ﬁo
T T : E — 58888
/ o O e
Dooooo@ oo ooo o

— J

HP 70420A Opt. 201 Test Set HP 70427A Downconverter

HP 704204 OPT 201 TESTSET HP 70427A DOWNCONVERTER

HPIE —STATUS HRiB sTaTus
oooo oo oo

cutrur
AMNOISE FEANALYZER

INPUT REF INPUT INFUT
SIGNAL NOISE. 0Kz 1600MHz 12-266 Gz

O =0 © ®

A ANALYZER MONTOR LY SIGNAL

©

12255GHz

TUNE VOLTAGE.

o) o s &
| iowiasies |\ - AY {m' 25105
To DUT To Signal Input Downconverted
RF Output Reference to be Output to Test Set
Source Downconverted Signal Input
RFSA To HP E1420 or DC Out
Spectrum Analyzer Oscilloscope Tune Voltage

e5500/90001 /art/55042201.cdr
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E5504B Option 201 Connect Diagram Example

HP E5504B Opt. 201 Phase Noise System

OSCILLOSCOPE (Recommended)

o OPTIONAL
= FREQUENCY COUNTER
[=]
g ] —
K ooonoononQ Q@@
3 ~
HP 70001A MAINFRAME
HP 70420A OPT. 001 HP 70427A
DUT - s _—
o [¢]
~ r
To HP 70420A :>
Rear Panel =
Noise Source Input ﬁ
7 \\ v,
OPTIONAL REFERENCE
Digitizer % SIGNAL GENERATOR
Input O
z
System PC Controller o
L
Digitizer
Output
E5500 Software e/
License Key
PC-Digitizer Card h==- < — OPTIONAL RFSA
19 ooooo
= 58888
=]
o gag 8
00000 o@ OO 888 8

HP 70420A Opt. 201 Test Set HP 70427A Downconverter

HP 704204 OPT 201 TESTSET HP 70427A DOWNCONVERTER

i —— st [P

hoool|oo coooloo
SIGNAL NOISE 50 kHz-1600MHZ 12-265 GHz. sienAL AMNOISE R"‘ME“

fwouse o) | vsdown 7
PHASE DET OUTRUT ) : poiasy [ Mo
= PR | =
awrer o
1 | wwises | A\ 100w1 251PS
To DUT To PC To Signal Input Downconverted
RF Output Digitizer Input Ref Source to be Output to Test Set
Downconverted Signal Input
RFSA To Oscilloscope DC Out

Spectrum Analyzer  or Counter Monitor

Tune Voltage

©5500/90002/art/5504b201 .cdr

7-18 Agilent Technologies E5500 Phase Noise Measurement System



Checking the Beatnote

NOTE

Absolute Measurement Examples
Stable RF Oscillator

While the connect diagram is still displayed, recommend that you use an
oscilloscope (connected to the Monitor port on the Agilent/HP 70420A) or a
counter to check the beatnote being created between the reference source
and your device-under-test. The objective of checking the beatnote is to
ensure that the center frequencies of the two sources are close enough in
frequency to create a beatnote that is within the capture range of the system.

The phase lock loop (PLL) capture range is 5% of the peak tuning range of
the VCO source you are using. (The peak tuning range for your VCO can be
estimated by multiplying the VCO tuning constant by the tune range of
VCO. Refer toChapter 15, “Evaluating Your Measurement ResLilt§ou

are not familiar with the relationship between the PLL capture range and the
peak tuning range of the VCO.)

If the center frequencies of the sources are not close enough to create a
beatnote within the capture range, the system will not be able to complete its
measurement.

The beatnote frequency is set by the relative frequency difference between
the two sources. If you have two very accurate sources set at the same
frequency, the resulting beatnote will be very close to 0 Hz.

Searching for the beatnote will require that you adjust the center frequency
of one of the sources above and below the frequency of the other source until
the beatnote appears on the oscilloscope’s display.

If incrementing the frequency of one of the sources does not produce a
beatnote, you will need to verify the presence of an output signal from each
source before proceeding.
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JAV/div

Figure 7-4 Oscilloscope Display of a Beatnote out of the Agilent/HP 70420A Monitor

Port
Making the 1. Click theContinue button when you have completed the beatnote check
Measurement and are ready to make the measurement.

2. When the PLL Suppression Curve dialog box appears, séiewst
Measured Loop SuppressionView Smoothed Loop Suppression
andView Adjusted Loop Suppression

Phase Locked Loop Suppression Calibration Factors EHE

Mote: Any Calibration Factors displayed below with an
unknown value have not been measured pet.
Suppression traces will only be displayed after calibration.

Thearetical and Actual Loop Suppression Factors

Ig Ga g un o o g B

100 1*® 10K

FLL Gain Change: 860E-3 dB
ElDSEd PLL BW 28823E+3 HZ ..............................................................................
Peak Tune Range: 100.5E+3Hz I¥ ‘iew Smoothed Loop Suppression
Assumed Pole: 89 48E+3Hz
I awirnum Error: 589.5E-3 dB ) ) :
Detector Constant: 59963 Wals/Radian I™ Wiew Theoretical Loop Suppression
CO Constant: 923 E+3Hz ol

V' Wiew Adjusted Theoretical Loop Suppression
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There are four different curves available for the this graph (for more
information about loop suppression verification, refeCtoapter 16,
“Advanced Software Features”

a. “Measured” loop suppression curve - this is the result of the loop
suppression measurement performed by the E5500 system;

b. “Smoothed” measured suppression curve - this is a curve-fit
representation of the measured results, it is used to compare with the
“theoretical” loop suppression;

c. “Theoretical” suppression curve - this is the predicted loop
suppression based on the initial loop parameters defined/selected for
this particular measurement (kphi, kvco, loop bandwidth, filters,
gain, etc).

d. “Adjusted” theoretical suppression curve - this is the new “adjusted”
theoretical value of suppression for this measurement - it is based on
changing loop parameters (in the theoretical response) to match the
“smoothed” measured curve as closely as possible;

When the measurement is complete, refeChapter 15, “Evaluating Your
Measurement Result$dr help in evaluating your measurement results.

Figure 7-5 on page 7-2dhows a typical phase noise curve for a stable RF
Oscillator.

!;Ei StableRF - HP E5500 Phase Noise Measurement Subsystem

File Edit “iew Define Measure Analyze System Help
D= 8n Kl®e| x|8] £ @ of @ %l

Stable RF Oscillator vs Similar Reference Source
HPESS00_Canier: 00E+6Hz o _ 10Decl997 104506104554

100 1K 10K 100K 1M 100
Lif) [dBe/Hz] vs £ [Hz]

A new measurement has been loaded into the server. |LoCaL [IoLE o

Figure 7-5 Typical Phase Noise Curve for a Stable RF Oscillator.
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Stable RF Oscillator

Table 7-4 Parameter Data for the Stable RF Oscillator Measurement

Step Parameters Data
1 Type and Range Tab
¢ Measurement Type Absolute Phase Noise (using a phase locked loop)
e Start Frequency 1Hz
* Stop Frequency 100 E+ 6 Hz
* Averages 4
¢ Quality Normal
¢ FFT Analyzer Measurement Use Multiple Time Segments
Mode
2 Sources Tab
e Carrier Source Frequency 100 E+6 Hz
 Carrier Source Power 8 dBm
e Carrier Source Output is
connected to: Test Set
» Detector Input Frequency 100 E +6 Hz
* Reference Source Frequency 100 E +6 Hz (same as Carrier Source Frequency)
« Reference Source Power 16 dBm
¢ Nominal Tune Constant 40 E +3 Hz/V
* Tune Range +/- +/- 10 Volts
» Center Voltage 0 Volts
« Input Resistance 1E + 6 ohms
* Maximum Allowed Deviation 1 Volts
from Center Voltage
3 Cal Tab
¢ Phase Detector Constant Measure Phase Detector Constant
¢ VCO Tune Constant Calculate VCO Tune Constant
« Phase Lock Loop Suppression Verify calculated phase locked loop suppression
4 Block Diagram Tab

Carrier Source
Downconverter

Reference Source

Timebase

Phase Detector

Test Set Tune Voltage Output

Test Set Tune Voltage
Destination

VCO Tune Mode

None

None

Agilent/HP 8662A

None

Automatic Detector Selection
Front Panel

Reference Source
DCFM
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Table 7-4 Parameter Data for the Stable RF Oscillator Measurement

Step Parameters Data
5 Test Set Tab
¢ Input Attenuation Auto checked
¢ LNA Low Pass Filter Auto checked
¢« LNA Gain Auto Gain
¢ Detector Maximum Input
Levels
Microwave Phase Detector 0 dBm
RF Phase Detector 0 dBm
AM Detector 0dBm
* Ignore out-of-lock conditions Not checked
¢ Pulsed Carrier Not checked
* DC Block Not checked
* Analyzer View Baseband
¢ PLL Integrator Attenuation 0 dBm
6 Downconverter Tab The downconverter parameters do not apply to this
measurement example.
7 Graph Tab
e Title Stable RF Oscillator vs Similar Reference Source

¢ Graph Type

¢ X Scale Minimum

¢ X Scale Maximum

¢ Y Scale Minimum

¢ Y Scale Maximum

* Normalize trace data to a:

* Scale trace data to a new
carrier frequency of:

« Shift trace data DOWN by:
« Trace Smoothing Amount
« Power present at input of DUT

Single-sideband Noise
1Hz

10E +6 Hz

0 dBc/Hz

- 170 dBc/Hz

1 Hz bandwidth

1 times the current carrier frequency
0dB

0

0dB
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CAUTION

Required Equipment

NOTE

Free-Running RF Oscillator

This measurement example will help you measure the phase noise of a
free-running RF oscillator with frequency drift >20 ppm over a period of
thirty minutes.

To prevent damage to the Agilent/HP 70420A test set’s hardware
components, the input signadust notbe applied to the signal input
connector until the input attenuator has been correctly set for the desired
configuration, as show imable 7-7 on page 7-3Rpply the input signal
when theConnection Diagramappears.

The following equipment is required for this example in addition the phase
noise test system and your unit-under-test (UUT).

To ensure accurate measurements, you should allow the UUT and
measurement equipment to warm up at least one hour before making the
noise measurement.

Table 7-5 Required Equipment for the
Free-Running RF Oscillator
Measurement Example

Equipment Quantity Comments

Agilent/HP 8644B 1 Refer to the “Chapter 6,
“Selecting a Referencedr
more information about reference
source requirements

Coax Cables And adequate adapters to connect
the UUT and reference source to
the test set.
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Defining the 1. From theFile menu, choos®©pen.
Measurement

Edit Wiew Define Meas
Cirl+M
Open... Cirl+0
Save Chil+5

Save fz...

Ex=port Results 3
Frint... Chil+F
Frint Prewview

Frint Setup...

Send...

1 Confidence. pnm

2 FreeRF.pnm

3 MicroSRC. pnm

4 Residual pnm

B RFSynth_EFC.pnm
E Moize_1.pnm

7 Moize_2 pnm

8 Moize_3.pnm

Exit

2. If necessary, choose the drive or directory where the file you want is
stored.

3. IntheFile Namebox, choose FreeRF.pnn'.

Open 21=]
Lok in: Ia Test Files j gl BoEC EE
Confidence. pnm @ StableRF.pnm

MicroSRC. pnm
Fiesidual pnm
FFSynth_DCFM. pnm
RFSynth_EFC.pnm

File name: IFreeHF.pnm Open I
Files of lpe: IHP E&500 Measurement Files (% prm) j Cancel |

4. Click theOpenbutton.

The appropriate measurement definition parameters for this example
have been pre-stored in this filéable 7-8 on page 7-4l&ts the

parameter data that has been entered for the Free-Running RF Source
measurement example.)

NOTE Note that the source parameters entered for stepralite 7-8may not be
appropriate for the reference source you are using. To change these values,
refer toTable 7-6 on page 7-26hen continue with step “a”. Otherwise, go
to “Beginning the Measurement” on page 7:31
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a. From theDefine menu, choos&leasurement;then choose the
Sourcestab from theDefine Measurementwindow.

b. Enter the carrier (center) frequency of your UUT(5 MHz to
1.6 GHz). Enter the same frequency for the detector input
frequency.

Enter the VCO (Nominal) Tuning Constant (Seble 7-6.

a o

Enter the Tune Range of VCO (s&able 7-§.
e. Enterthe Center Voltage of VCO (s&able 7-§.
f. Enter the Input Resistance of VCO (skable 7-6.

WEENE : x|=| = of of €| ¥
_Dl=la] e x| @l of = Ef ¥
Security Level...
EFT Segment Takle HP E5500 ﬂ E
Sweept Segment Table
—  TypeandRange Sources | Cal I Block. Diagraml TestSetI Downconverterl Graphl
Absolute Phase Moise [using a phaze locked loop)
—Eamer Source———
< Frequency I Hz Power I? dBm
Carrier Source Output is connected ta: & Test Set ' Downconverter
— Detector Input Frequency Fieference Source
|1UE+5 Hz ’7 Frequency |1UE+B Hz Power |15 dBm
Detector Input Frequency = Reference Source Frequency multiplied by [ |1 ! |1 ]
o

The Tune Range iz within the: limits of
from +/-0.20 to +/-10.00 Yalts,

az required by the current Center Yoltage setting.

~YCO Tuning P
mﬁfune Constant |1 E+3 Hz #¥alt Center Yoltage IU Wolts

Tune Range +/- |1 0 WVolts Input Resistance IBDD Ohmg
I Ewimum &llowed Deyiation fram Center Yoliage I‘I T

Prezet |

Cloze

Help |

Table 7-6  Tuning Characteristics for Various Sources

. . Center . Input Tuning
VCO Source CFarr:er Tunlng(;jH(?/)\r})s tant Voltage V(;:aar?ee'l'(ul\ 'C)g Resistance Calibration

q: ) ge (= Q) Method

Agilent/HP 8662/3A

EFC Ug SE-9xu, 0 10 1IE+6 Measure
DCFM FM Deviation 0 10 1 K (8662) Compute
600 (8663) Compute
Agilent/HP 8642A/B FM Deviation 0 10 600 Compute
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. . Center . Input Tuning
VCO Source CFarr:er Tunlng(]H(?/)\?)s tant Voltage V(;:t:r?ee'l'(u_’r_\ I\r;? Resistance Calibration
q: ) ge (= Q) Method
Agilent/HP 8644B FM Deviation 0 10 600 Compute
Other Signal
Generato r FM Deviation 0 10 Rin Compute
DCFM Calibrated for
1V
Other User VCO Estimated within a -10to 1E+6 Measure
Source factor of 2 +10

Selecting a Reference 1. From theDefine menu, choosdeasurement;then choose thBlock
Source Diagram tab from theDefine Measurementwindow.

2. From theReference Sourcepull-down list, selecyour source.

_;Z-' Confidence Test using HP §663A Int vs Ext 10 MHz - HP E5500 Phase Hoise Measureme... [I[=] E3

File Edit ‘iew
||| cEE »|

———— — LimitLines..

Security Level...

GEM Measure  Analyze System  Help

|| =1 o] @

EFT Segment Takle HP E5500 ﬂ E

Sweept Segment Table .
_ Typeand Hangel Sourcesl Cal Block Diagram | Test Setl Downconverterl Graph I

Absolute Phase Moise [using a phaze locked loop)

s Phase Detector
I[none] ’7 IAutomatic Detector Selection j
' None
£ System Cornbrol
 Marwal
" Egternal Test Set Tune Voltage
 Reference Source ] IFant Panel 'l
etk [ ] Destination [Ret 5 |
1o | (marual) ‘-\{ estination | Reference Source
; b VL0 Tune Mode
= (imetiase
oo 7\/ C oo, & DCFM
ﬂl I[none] Reference Source—————————————

(

Aszzet Manager | Frezet |
Cloze | Help |

3. When you have completed these operations, cliciCliesebutton
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1. From theDefine menu, choos&leasurement;then choose th€al tab

from theDefine Measurementwindow.

2. IntheCal dialog box, checWkerify calculated phase locked loop
suppressionandAlways Show Suppression GraphSelectf limit is

exceeded: Show Loop Suppression Graph

!;Ei Confidence Test using HP 8663A Int vs Ext 10 MHz - HP E5500 Phase Hoise Measureme... !E[ E

File Edlit 'iews gl

Di=z|E| £

Security Level...

EFT Segment Takle
Sweept Segment Table

Setup Considerations
for the Free-Running
RF Oscillator
Measurement

M Messure  Analyze System  Help

— Limit Lines...

x|El = o] 2l & ¥
HP E5500
Type and Hangel Sources  Cal | Block. Diagraml Test Setl Downconverterl Graph I

Absolute Phase Moise [using a phaze locked loop)
Phase Detector Constant

" Use curent phase detectar constant
' Measure phase detector constant

Current Phaze Detector Constant |4?BE-3 Wolts / Radian

%CO Tune Constant

' Use current YCO tune constant
' Measure YO tune constant

& Calculate from expected YCO tune constant using tune port resistance

Current %CO Tune Constant |923.1 Hz /Walt
Expected ¥CO Tune Constant |923.1 Hz /%ol

Phase Locked Loop Suppression

v erify calculated phase locked loop suppression W ilways Show Suppression Graph

b aximum Suppreszion Error Limit |1 dB

If Limit i exceeded: ' Use thearstical values ¢ Use adjusted values <% Shaw Suppression Grap

Prezet |

Cloze

Help |

3. When you have completed these operations, cliciCllesebutton

Measurement Noise Floor

The signal amplitude at the R input (Signal Input) port on the Agilent/HP

70420A sets the measurement noise floor level. Use the following graph to
determine the amplitude required to provide a noise floor level that is below

the expected noise floor of your UUT. (The Checking the Beatnote
procedure in this section will provide you with an opportunity to estimate
the measurement noise floor that your UUT will provide.)
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Ref Input Level +15 dBm

+
[$)]

+
[$)]

Input Signal Level (dBm)
&

-15
-140 -150 -160 -170 -180

Expected Phase Noise Floor of System (dBc/Hz)
f>10kHz

Figure 7-6  Noise Floor for the Free-Running RF Oscillator Measurement

L Fort Levalz +16aBm

A
o

= +10 dBm
=i}
2 s
2
k|
= .
5 5 - 175 dBec/Hz
w
£
£
T -5 \\
-140 -150 -160 -170 -180
Expected Phase Mok Floor of Phase Detector and LM (dBeiHz) \/
Fz=10kHz

!;Ei Externally loaded file - HP E5500 Phase Hoise Measurement Subsystem
File Edit “iew Define Measure Analyze System Help

D|=(E| 8|0 £ Bl®lo| x[E| = of | F| X
Confidence Test using HP 86634 Int ws Ext 10 MHz
o EEESS00_Comier: 10E4S By HoSpws : 71997 17:18:44 - 17:30:55

100E-3 1 10 100 1K 10K 100K 18 1008
Lify [dBcfHz] ws f [Hz]

[ozAL [IDLE 7

Figure 7-7 Noise Floor Calculation Example
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If the output amplitude of your UUT is not sufficient to provide an adequate
measurement noise floor, it will be necessary to insert a low-noise amplifier
between the UUT and the test set. Refer to “Inserting an Device” in
Chapter 6, “Absolute Measurement Fundamentfds'tetails on

determining the effect the amplifiers noise will have on the measured noise
floor.

VCO Reference

In order for the noise measurement results to accurately represent the noise
of the UUT, the noise level of the reference source should be below the
expected noise level of the UUT.
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Beginning the 1. From theMeasurementmenu, choosélew Measurement
Measurement

!;Ei Confidence_pnm - HP E5500 Phase Noize Measuremen
File Edit “iew Define

D|=|E| 2|
Bepeat Measzurement

Abort Measurement
Fieal-Time Monitor

Analyze  Spsterm  Help

v Clear Graph before measurement
v Pauze at Connect Diagram

2. When thePerform a New Calibration and Measurementdialog box
appears, clicloK.

HP E5500 [X]

& Perfarm a Mew Calibration and Measurement?

Cancel |

3. When theConnect Diagramdialog box appears, click on the hardware
down arrow and select your hardware configuration from the pull-down
list.

Confirm your connections as shown in the connect diagram. At this time
connect your UUT and reference sources to the test set. The input
attenuator (Option 001 only) has now been correctly configured based
on your measurement definition.

CAUTION The Agilent/HP 70420A test set’s signal input is subject to the following
limits and characteristics:

Table 7-7  Agilent/HP 70420A Test Set Signal Input Limits and Characteristics

Limits

Frequency 50 kHz to 1.6 GHz (Std)
50 kHz to 26.5 GHz (Option 001)
50 kHz to 26.5 GHz (Option 201)

Maximum Signal Input Power Sum of the reference and signal input
power shall not exceed +23 dBm

At Attenuator Output, Operating Level

Range:
« RF Phase Detectors 0 to +23 dBm (Signal Input)

+15 to +23 dBm (Reference Input)
* Microwave Phase Detectors 0 to +5 dBm (Signal Input)

+7 to +10 dBm (Reference Input)
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Table 7-7  Agilent/HP 70420A Test Set Signal Input Limits and Characteristics

¢ Internal AM Detector 0 to +20 dBm

* Downconverters:

Agilent/HP 70422A 0to +30 dBm
Agilent/HP 70427A +5t0 +15 dBm
CAUTION:

To prevent damage to the Agilent/HP 70420A test set’'s hardware components,
the input signal must not be applied to the test set’s signal input connector until
the input attenuator (Option 001) has been correctly set by the phase noise
software, which will occur at the connection diagram.

Characteristics:
Input Impedance 50 ohm Nominal
AM Noise dc coupled to 50 ohm load
HP E5500 Instrument Connections
Werify Connections
Jul 26, 1997 16:50:36
DUT HP 704204 OPT 001 HP 70422A
TUNE e
IN OUTPUT]
O & O ig) )
O Ol @ @ O OS]
0
REFERENCE
TUNE J
IN OUTPUT]
I \ _J

— Control Panel

EFT &nalyzer

Swept Saalizer | TestSet | Downconverter | Bhiase Shifter |

Larrier Source |

Eeference Saurze | Fresidua Saumze | [Calibration Source | Erequerncy Eounterl

— Tuning Yoltage

[0 = - [io e |
Center Waoltz  Fange +/ Walts Tafinee

Abort | Local |

Figure 7-8 Connect Diagram for the Free-Running RF Oscillator Measurement
4. Refer to the following system connect diagram examples for more
information about system interconnections:
“E5501A Standard Connect Diagram Example” on page 7-34
“E5501B Standard Connect Diagram Example” on page 7-35
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o “E5502A Option 001 Connect Diagram Example” on page 7-36
o “E5503B Option 001 Connect Diagram Example” on page 7-39
o “E5504A Option 201 Connect Diagram Example” on page 7-40
o “E5504B Option 201 Connect Diagram Example” on page 7-41

NOTE For additional examples, refer @hapter 19, “Connect Diagrams”
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E5501A Standard Connect Diagram Example

HP E5501A Standard Phase Noise System

OSCILLOSCOPE

]0000000

( N
VXI MAINFRAME

i
J
3

i
i

\ / MXI CABLE :ﬂl
7
HP 70001A MAINFRAME
HP 70420A STD TEST SET
DUt = Oje y
4 : lo o
OPTIONAL REFERENCE
HPIB SIGNAL GENERATOR
System PC Controller = Oeeeoooo
= 2B
— Ll sEUEEE O ¢
= o
L/ - S
E5500 Software
License Key
PC-MXI Card ‘E
OPTIONAL RFSA
M p————L| ooooo
== T=1=1=1=]
2 ooa o
o EEE B
00000 0@ oo 888 8
HP 70420A Standard Test Set
HP 70420A TEST SET
DUT HP4B — STATUS — | _— To Reference
Source Input ~ lpooojloo ‘ Source
INPUT N REF INPUT
SIGNAL NOISE 50 kHz-1800MHz
© =
1V Pk
50 kHz-1600 MHz 0.01 Hz-100 MHZ/ +15 dBm MIN
s — To HP 1420
SPESTES;: HFANAITVHZAEREDET OUTPMU(;NITDH /// or Oscilloscope
—_—
Analyzer (O ©—
ANALYZER ANALYZER TUNE VOLTAGE
<100 kHz <100 MHz 50 Q2 20mA MAX [ DC OUt
N Tune Voltage
100 W/1.25 LPS

€5500/90001 /art/5501 astd.cdr
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E5501B Standard Connect Diagram Example

HP E5501B Standard Phase Noise System

OSCILLOSCOPE (Recommended)

OPTIONAL
FREQUENCY COUNTER

(o e [—
T opooon
10000000000 @ @@

HP 70001A MAINFRAME
HP 70420A STD TEST SET

put - = oo
(" 3o
To HP 70420A —N
Rear Panel 14
Noise Source Input

J
OPTIONAL REFERENCE

- SIGNAL GENERATOR
Digitizer 8
o .
npu =
System PC Controller == o 3z u} o e
> 0
5]
o
Digitizer
E5500 Software Output
License Key
PC-Digitizer Card [_-E:—II HP E4411A
9 < HP-1B SPECTRUM ANALYZER
f———it

—
= oot a
=

—> S
=

og!
[=I=]
g8
=

o g
000000 @ oD E

—

oooo pg 0

HP 70420A Standard Test Set

HP 70420A TEST SET

DUT p HPIB STATUS / -IR—oeference
Source Input ~ \w@ Source

INPUT . REF INPUT
SIGNAL NOISE 50 kHz-1600MHz
50Q
Pk

50 kHz-1600 MHz 0,01 Hz-100 MHz | +15 dBm MIN To Oscilloscope or
—— Counter Monitor

S RTFSA it L]
ectrum ————
“ /
/i)nalyzer \\YQ
ANALYZER ANALYZER TUNEVOLTAGE
ToPCDigiizer | TEEC @ DC out
Yellow Cable — <100kHz <100 MHz 50 Q2 20mA MAX \\ Tune Voltage

100 W/1.25 LPS.

©5500/90002/art/5501 bstd.cdr
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E5502A Option 001 Connect Diagram Example

E5502A Opt. 001 Phase Noise System

OSCILOSCOPE

I E VXI MAINFRAME

_E—@o! b [F1430AFFT ANALYZER
e E1441A ARB

O @
OPTIONAL |
FREQUENCY COUNTER s couner
[ I 1 E * oo
0000000000 §.6 & : (]
OUTI N E MXI CABLE J
89410A
VECTOR SIGNAL ANALYZER f 7000 1A MAINFRAME
I ——r 70420A OPT. 001 70421A
S = = 70420A
£ DuT ope © a ° Rear Panel
s 4 Pl 3° Noise Source Input
H AL
s —N
0 ® goeges v
SOURCE! 1CH1
OUTPUTy LA € I\
W e ----’k /
GPIB

System PC Controller =
=
B
5
E5500 Software ) OPTIONAL REFERENCE
License Key SIGNAL GENERATOR
PC-MXI Card
L/ 8563E
% SPECTRUM ANALYZER
\ Gl E
&
— ==
= coocoo
= ooo o
o 282 8
200000@ oo 888 &
70420A Opt. 001 Test Set 70421A Downconverter
70420A0PT 001 TEST SET 70421ADOWNCONVERTER
o | i - - e
10 @ ©)
75L6:H:E g e ;
Frmnsen o wowton O
@\ G- o

FRpM 1
DownCRVERTEN DOWNCONVERTER)

(ANALVZER TUNE VOLTAGE

oUTOF Look
) o 9
<oz X azomag

0 W1 25LPS

100w 25 LPS

/

N \ <

To DUT Signal Input Downconverted
RF Output E1420 or Reference to be Output to Test Set
RESA Oscilloscope To1430A Souce peo Tuning Out Downconverted Signal Input
Spectum Anadlog In Voltage
Analyzer

€5500/90001/art/5502a001. pex
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E5502B Option 001 Connect Diagram Example

E5502B Opt. 001 Phase Noise System

OSCILLOSCOPE (Recommended)

OPTIONAL
FREQUENCY COUNTER
r\ ] ounO
V 0000000000 "Q%"g
il \
70001A MAINFRAME
70420A OPT. 001 70421A
DUT ] P | B
7 oo -l mm
ofl— T---"
To 70420A —N
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J L )
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Digitizer | -2 SIGNAL GENERATOR
Input O
g
System PC Controller S > Oooo O 0 ooo
P ~ = = oges sEEnHHEEE ©
LR E@DEEED O =
Digitizer o HBE © = o
Output
E5500 Software
License Key
P 8563E
PC-Digitizer Card ﬁ
SPECTRUM ANALYZER
— < GPIB
= = g
E = 52322
a ooooo
—> Spe=—
ooo o
[+] Qoo o
\ nOOOOannEEEE
. Q J
70420A Opt 001 70421A Downconverter
70420A0PT 001 TESTSET 70421A DOWNCONVERTER
m No‘ " MM ‘Gm ®
®\ O+ e\ e | R
poni Rz et __J
ovror acx @X{
/ o s N\ \W 155 \
To DUT To PC Signal Input Downconverted
RF Output Digitizer Refere nce to be Output to Test Set
Yellow Cable) Downconverted Signal Input
RFsA ¢ Source b Tyning Out gnating
Spectrum Oscnloscope Voltage
Analyzer or Counter
Monitor €5500/90002/art/55026001.cdr
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E5503A Option 001 Connect Diagram Example

HP E5503A Opt. 001 Phase Noise System

7

OSCILLOSCOPE

s i 0o 0000

> 4

L] 0000000

o o o o

o 0 O

MXI CABLE

J U 0]

HP 70001A MAINFRAME
HP 70420A OPT. 001 HP 70422A
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I\
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° ooooo
= oooao
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ooooo
? ooooo
ooo g
o oi

588 8
£ 0000 0@ oo aaa g

—  J

HP 70422A Downconverter

HP 704204 OPT 001 TESTSET
HRIB STATUS
oooo|oo
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505@
e
v oMy trasmmn
\

001 100 MH2
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12265 GHz
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PHASE DETOUTPUT MY
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ooool|oo

cutrur

/ Yowizsis \f\ {n 25168
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RF Output HPE1420 or Reference to be Output to Test Set
RESA Oscilloscope To HP1430A Source po Tuning Out Downconverted Signal Input
Spectrum Analog In Voltage
Analyzer

e5500/90001 /art/5503a001.cdr
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E5503B Option 001 Connect Diagram Example

HP E5503B Opt. 001 Phase Noise System

OSCILLOSCOPE (Recommended)
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E5504A Option 201 Connect Diagram Example

HP E5504A Opt. 201Phase Noise System
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E5504B Option 201 Connect Diagram Example

HP E5504B Opt. 201 Phase Noise System
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While the connect diagram is still displayed, recommend that you use an
oscilloscope (connected to the Monitor port on the Agilent/HP 70420A) or a
counter to check the beatnote being created between the reference source
and your device-under-test. The objective of checking the beatnote is to
ensure that the center frequencies of the two sources are close enough in
frequency to create a beatnote that is within the capture range of the system.

The phase lock loop (PLL) capture range is 5% of the peak tuning range of
the VCO source you are using. (The peak tuning range for your VCO can be
estimated by multiplying the VCO tuning constant by the tune range of
VCO. Refer toChapter 15, “Evaluating Your Measurement ResLiltgou

are not familiar with the relationship between the PLL capture range and the
peak tuning range of the VCO.)

If the center frequencies of the sources are not close enough to create a
beatnote within the capture range, the system will not be able to complete its
measurement.

The beatnote frequency is set by the relative frequency difference between
the two sources. If you have two very accurate sources set at the same
frequency, the resulting beatnote will be very close to 0 Hz.

Searching for the beatnote will require that you adjust the center frequency
of one of the sources above and below the frequency of the other source until
the beatnote appears on the oscilloscope’s display.

If incrementing the frequency of one of the sources does not produce a
beatnote, you will need to verify the presence of an output signal from each
source before proceeding.
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\ |/ \_J

\V ) 4

JAV/div

Figure 7-9 Oscilloscope Display of a Beatnote out of the Agilent/HP 70420A
Monitor Port

1. Estimate the system’s capture range (using the VCO source parameters
entered for this measurement). The estimated VCO tuning constant must
be accurate within a factor of 2. A procedure for Estimating the Tuning
Constant is located in this chapter.

Ve wning Consiant (Hz / Vi A Tuning Range (V1

Capiure fRange (Hz) = ”
Capture Range (Hz) = ffiz / [’j: j w_. (Hz)
NOTE If you are able to locate the beatnote, but it distorts and then disappears as

you adjust it towards 0 Hz, your sources are injection locking to each other.
Set the beatnote to the lowest frequency possible before injection locking
occurs and then refer to Minimizing Injection Locking in the Problem
Solving section of this chapter for recommended actions.

NOTE If you are not able to tune the beatnote to within the capture range due to
frequency drift, refer to Tracking Frequency Dirift in the Problem Solving
section of this chapter for information about measuring drifting signals.
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1. Click theContinue button when you have completed the beatnote check
and are ready to make the measurement.

2. When the PLL Suppression Curve dialog box appears, sSéieat
Measured Loop SuppressionView Smoothed Loop Suppression
andView Adjusted Loop Suppression

Phase Locked Loop Suppression Calibration Factors EHE

Mote: Any Calibration Factors displayed below with an
unknown value have not been measured pet.
Suppression traces will only be displayed after calibration.

Thearetical and Actual Loop Suppression Factors

Ig Ga g un e oy ml‘

=R A M
TITTTITTTTTT

100 1*® 10K

FLL Gain Change: 860E-3 dB
Elosed PLL BW 28823E+3 HZ ..............................................................................
Peak Tune Range: 100.5E+3Hz I¥ ‘iew Smoothed Loop Suppression
Azsumed Pale: 89.48E+3Hz
I awirnum Error: 589.5E-3 dB ) ) :
Detector Constant: 539E-3  Volts/Radian I™ iew Theoretical Loop Suppressian
CO Constant: 9.231E+3Hz ol

V' Wiew Adjusted Theoretical Loop Suppression

There are four different curves available for the this graph (for more
information about loop suppression verification, refeCtoapter 16,
“Advanced Software Features”

a. “Measured” loop suppression curve - this is the result of the loop
suppression measurement performed by the E5500 system;

b. “Smoothed” measured suppression curve - this is a curve-fit
representation of the measured results, it is used to compare with the
“theoretical” loop suppression;

c. “Theoretical” suppression curve - this is the predicted loop
suppression based on the initial loop parameters defined/selected for
this particular measurement (kphi, kvco, loop bandwidth, filters,
gain, etc).

d. “Adjusted” theoretical suppression curve - this is the new “adjusted”
theoretical value of suppression for this measurement - it is based on
changing loop parameters (in the theoretical response) to match the
“smoothed” measured curve as closely as possible;

When the measurement is complete, refeChapter 15, “Evaluating Your
Measurement Result$dr help in evaluating your measurement results.
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Figure 7-10 on page 7-4éhows a typical phase noise curve for a
free-running RF Oscillator.

!;Ei FreeRF.pnm - HP E5500 Phase Moise Measurement Subsystem

Fle Edt View Define Measwie Analze System Help
MEEE RS ER =]

Free Running RF Oscillator vs 8644B DCFM
HPESS00 Comier 1004449 Hz  24Tul1997 155251- 155503

-10-
.20
230
-40
250
-60f
70
-0
-0
-100)
-110)
-120)
-130F
-140)
-150)
-160)

-170 : — T P N
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Figure 7-10 Typical Phase Noise Curve for a Free-Running RF Oscillator.
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Table 7-8 Parameter Data for the Free-Running RF Oscillator Measurement

Step Parameters Data
1 Type and Range Tab
Measurement Type « Absolute Phase Noise (using a phase locked loop)
e Start Frequency e 10 Hz
¢ Stop Frequency e 4E+6Hz
¢ Minimum Number of Averages « 4
FFT Quality * Fast
2 Sources Tab

Carrier Source

* Frequency e 10.044 E+9Hz

* Power e -4dBm

e Carrier Source Output is e Test Set
connected to:

Detector Input o 444 E +6 Hz

* Frequency
Reference Source

* Frequency * 444 E +6 Hz (same as Carrier Source Frequency)
» Reference Source Power « 16 dBm

VCO Tuning Parameters

» Nominal Tune Constant e 40 E +3 Hz/V

* Tune Range +/- o +/- 10 Volts

» Center Voltage 0 Volts

* Input Resistance 600 ohms

« Carrier Source

* Downconverter

« Reference Source
¢ Timebase

¢ Phase Detector

« Test Set Tune Voltage
Destination

¢ VCO Tune Mode

3 Cal Tab
* Phase Detector Constant Measure Phase Detector Constant
¢ VCO Tune Constant Calculate from expected VCO Tune Constant
¢ Phase Lock Loop Suppression Verify calculated phase locked loop suppression
 If Limit is exceeded Show Suppression Graph
4 Block Diagram Tab

Manual

Agilent/HP 70422A

Agilent/HP 8644B (System Control)
None

Automatic Detector Selection
Reference Source

DCFM
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Table 7-8 Parameter Data for the Free-Running RF Oscillator Measurement

Step Parameters Data

Test Set Tab
Input Attenuation
LNA Low Pass Filter

0dB
20 MHz (Auto checked)

¢ LNA Gain ¢ Auto Gain (Minimum Auto Gain - 14 dB)
« DC Block ¢ Not checked
¢ PLL Integrator Attenuation ¢ 0dBm
6 Downconverter Tab
Input Frequency e 10.044E+9
L.O. Frequency e Auto
|.F. Frequency e 444 E +6
Millimeter Frequency « 0
L.O. Power e 20dBM
Maximum AM Detector Level e 0dBm
Input Attenuation « 0dB
I.F. Gain « 0dB
« Auto ¢ Checked
Microwave/Millimeter Band « Microwave (0 - 26.5 GHz)
Millimeter Band Mixer Bias
« Enable ¢ Unchecked
e Current *« OmA
Reference Chain
* Reference ¢ 10 MHz
¢ External Tune Enable ¢ Unchecked
Tuning Sensitivity ¢ 0 ppm/v
¢ Nominal « 0 ppm/V
¢ 100 MHz PLL Bandwidth e 126 Hz
¢ 600 MHz PLL Bandwidth ¢ 10000 Hz
7 Graph Tab
« Title ¢ Free Running RF Oscillator vs. 8644B using DCFM

* Graph Type

Single-sideband Noise (dBc/Hz)

¢ X Scale Minimum e 10 Hz

¢ X Scale Maximum ¢« 4E+6Hz

¢ Y Scale Minimum ¢ 0 dBc/Hz

¢ Y Scale Maximum e -170 dBc/Hz

* Normalize trace data to a:

¢ Scale trace data to a new
carrier frequency of:

1 Hz bandwidth
1 times the current carrier frequency

¢ Shift trace data DOWN by: . 0dB
¢ Trace Smoothing Amount e 0
» Power present at input of DUT  , g g
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CAUTION

Required Equipment

NOTE

RF Synthesizer using DCFM

This measurement example will help you measure the absolute phase noise
of an RF synthesizer using DCFM.

To prevent damage to the Agilent/HP 70420A test set’s hardware
components, the input signadust notbe applied to the signal input
connector until the input attenuator has been correctly set for the desired
configuration, as show ifable 7-11 on page 7-53pply the input signal
when theConnection Diagramappears.

The following equipment is required for this example in addition the phase
noise test system and your unit-under-test (UUT).

To ensure accurate measurements, you should allow the UUT and
measurement equipment to warm up at least one hour before making the
noise measurement.

Table 7-9 Required Equipment for the RF
Synthesizer using DCFM Measurement

Equipment Quantity Comments

Agilent/HP 8663A 1 Must have DCFM Input Port.

Refer to the Chapter 6,
“Selecting a Referencedr
more information about reference
source requirements

Coax Cables And adequate adapters to connect
the UUT and reference source to
the test set.
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Defining the
Measurement

NOTE

A

1. From theFile menu, choos®©pen.

Edit Wiew Define

Save fz...
Ex=port Results

bsolute Measurement Examples
RF Synthesizer using DCFM

Meas

Frint Prewview
Frint Setup...

Frint... Chil+F

Send...

1 Confidence. pnm

2 FreeRF.pnm

3 MicroSRC. pnm

4 Residual pnm

B RFSynth_EFC.pnm
E Moize_1.pnm

7 Moize_2 pnm

8 Moize_3.pnm

Exit

2. If necessary, choose the drive or directory where the file you want is

stored.

3. IntheFile Namebox, choose RFSynth_ DCFM.pnm”.

Open

Look jr: I 4 Test Files

= 5

Confidence. pnm @ StableRF.pnm
FreeRF.pnm
MicroSRC. pnm
Fiesidual pnm
RFSynth_ DCFM. prmm
RFSynth_EFC.pnm

File name: IHFSynth_DEFM.pnm

Open I

Filez of type: IHP EB500 Measurement Files [*. pnm)

j Cancel |

4. Click theOpenbutton.

The appropriate measurement definition parameters for this example
have been pre-stored in this filéable 7-12 on page 7-7ts the
parameter data that has been entered for the RF Synthesizer using

DCFM measurement example.)

Note that the source parameters entered for stepralite 7-12may not be
appropriate for the reference source you are using. To change these values,
refer toTable 7-10 on page 7-5€hen continue with step “a”. Otherwise, go

to “Beginning the Measurement” on page 7:55
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a. From theDefine menu, choos&leasurement;then choose the
Sourcestab from theDefine Measurementwindow.

b. Enter the carrier (center) frequency of your UUT (5 MHz to 1.6
GHz). Enter the same frequency for the detector input frequency.

Enter the VCO (Nominal) Tuning Constant (Skesble 7-10.
Enter the Tune Range of VCO (s&able 7-10.

a o

e. Enterthe Center Voltage of VCO (séable 7-10.
f. Enter the Input Resistance of VCO (s&able 7-10.

!;Z-" “onfidence Test using HP 3663A Int vs Ext 10 MHz - HP E5500 Phase Hoise Measureme... !E[ E
File Edit “iew EUIEN Meazure Analyze System Help

D|=|E| £

& uremert... xll Q g P

— Limit Lines...

|

Security Level...
EFT Segment Takle HP E5500 ﬂ E
Sweept Segment Table
—  TypeandRange Sources | Cal I Block Diagram I Test Set I Downconverter I Graph I

Absolute Phase Moise [using a phaze locked loop)

TEr SOurce

< Frequency I Hz Power I? dBm

Carrier Source Output is connected ta: & Test Set ' Downconverter
— Detector Input Frequency Fieference Source
|1 OE+E Hz ’7 Frequency |1 OE+E Hz Power |1 B dBm
Detector Input Frequency = Reference Source Frequency multiplied by [ |1 ! |1 ]
o

~YCO Tuning P
mﬁfune Constant |1 E+3 Hz #¥alt Center Yoltage IU Wolts

Tune Range +/- |1 0 WVolts Input Resistance IBDD Ohmg
I Ewimum &llowed Deyiation fram Center Yoliage I‘I T

The Tune Range iz within the: limits of

from +/-0.20 to +/-10.00 Yalts, Preset |

az required by the current Center Yoltage setting.

|

Table 7-10 Tuning Characteristics for Various Sources

. . Center . Input Tuning
VCO Source CFarr:er Tunln%HC;(/J\r;)s tant Voltage V(gg?eezur |\r/1§; Resistance Calibration

q: ) ge (= Q) Method

Agilent/HP 8662/3A

EFC Ug SE-9xu, 0 10 1IE+6 Measure
DCFM FM Deviation 0 10 1 K (8662) Compute
600 (8663) Compute
Agilent/HP 8642A/B FM Deviation 0 10 600 Compute
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. . Center . Input Tuning
VCO Source CFarr:er Tunlng(]H(?/)\?)s tant Voltage V(;:t:r?ee'l'(u_’r_\ I\r;? Resistance Calibration
q: ) ge (= Q) Method
Agilent/HP 8644B FM Deviation 0 10 600 Compute
Other Signal
Generato r FM Deviation 0 10 Rin Compute
DCFM Calibrated for
1V
Other User VCO Estimated within a -10to 1E+6 Measure
Source factor of 2 +10

Selecting a Reference 1. From theDefine menu, choosdeasurement;then choose thBlock
Source Diagram tab from theDefine Measurementwindow.

2. From theReference Sourcepull-down list, selecyour source.

_;Z-' Confidence Test using HP §663A Int vs Ext 10 MHz - HP E5500 Phase Hoise Measureme... [I[=] E3

File Edit ‘iew
||| cEE »|

———— — LimitLines..

Security Level...

GEM Measure  Analyze System  Help

|| =1 o] @

EFT Segment Takle HP E5500 ﬂ E

Sweept Segment Table .
_ Typeand Hangel Sourcesl Cal Block Diagram | Test Setl Downconverterl Graph I

Absolute Phase Moise [using a phaze locked loop)

s Phase Detector
I[none] ’7 IAutomatic Detector Selection j
' None
£ System Cornbrol
 Marwal
" Egternal Test Set Tune Voltage
 Reference Source ] IFant Panel 'l
etk [ ] Destination [Ret 5 |
1o | (marual) ‘-\{ estination | Reference Source
; b VL0 Tune Mode
= (imetiase
oo 7\/ C oo, & DCFM
ﬂl I[none] Reference Source—————————————

(

Aszzet Manager | Frezet |
Cloze | Help |

3. When you have completed these operations, cliciCliesebutton
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Suppression
Verification

Absolute Measurement Examples
RF Synthesizer using DCFM

1. From theDefine menu, choos&leasurement;then choose th€al tab

from theDefine Measurementwindow.

2. IntheCal dialog box, checWkerify calculated phase locked loop
suppressionandAlways Show Suppression GraphSelectf limit is

exceeded: Show Loop Suppression Graph

!;Ei Confidence Test using HP 8663A Int vs Ext 10 MHz - HP E5500 Phase Hoise Measureme... !E[ E

File Edlit 'iews gl

Di=z|E| £

Security Level...

(WS hMeasure  Analyze System  Help

— Limit Lines...

|| =1 o] @

%

EFT Segment Table  [JENE3AT]

Sweept Segment Table

Setup Considerations
for the RF Synthesizer
using DCFM
Measurement

Type and Hangel Sources  Cal | Block. Diagraml Test Setl Downconverterl Graph I

Absolute Phase Moise [using a phaze locked loop)
Phase Detector Constant

" Use curent phase detectar constant
' Measure phase detector constant

Current Phaze Detector Constant |4?BE-3 Wolts / Radian

%CO Tune Constant

' Use current YCO tune constant
' Measure YO tune constant

& Calculate from expected YCO tune constant using tune port resistance

Current %CO Tune Constant |923.1 Hz /Walt
Expected ¥CO Tune Constant |923.1 Hz /%ol

Phase Locked Loop Suppression

v erify calculated phase locked loop suppression W ilways Show Suppression Graph

b aximum Suppreszion Error Limit |1 dB

If Limit i exceeded: ' Use thearstical values ¢ Use adjusted values <% Shaw Suppression Grap

Prezet |

Cloze

Help |

3. When you have completed these operations, cliciCllesebutton

Measurement Noise Floor

The signal amplitude at the R input (Signal Input) port on the
Agilent/HP 70420A sets the measurement noise floor level. Use the

following graph to determine the amplitude required to provide a noise floor
level that is below the expected noise floor of your UUT.
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Ref Input Level +15 dBm

+
[$)]

+
[$)]

Input Signal Level (dBm)
&

-15
-140 -150 -160 -170 -180

Expected Phase Noise Floor of System (dBc/Hz)
f>10kHz

Figure 7-11 Noise Floor for the RF Synthesizer (DCFM) Measurement
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!;Ei Externally loaded file - HP E5500 Phase Hoise Measurement Subsystem
File Edit “iew Define Measure Analyze System Help

D|=(E| 8|0 £ Bl®lo| x[E| = of | F| X
Confidence Test using HP 86634 Int ws Ext 10 MHz
o EEESS00_Comier: 10E4S By HoSpws : 71997 17:18:44 - 17:30:55
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Figure 7-12  Noise Floor Calculation Example
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If the output amplitude of your UUT is not sufficient to provide an adequate
measurement noise floor, it will be necessary to insert a low noise amplifier
between the UUT and the Agilent/HP 70420A input. (Refer to “Inserting an
Device” inChapter 6, “Absolute Measurement Fundamentfastietails on
determining the effect that the amplifier’s noise will have on the measured
noise floor.)

Agilent/HP 8663A VCO Reference

This setup uses the Agilent/HP 8663A as the VCO reference source. In
order for the noise measurement results to accurately represent the noise
of the UUT, the noise level of the reference source should be below the
expected noise level of the UUT.
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Beginning the 1. From theMeasurementmenu, choosélew Measurement
Measurement

!;Ei Confidence_pnm - HP E5500 Phase Noize Measuremen
File Edit “iew Define

D|=|E| 2|
Bepeat Measzurement

Abort Measurement
Fieal-Time Monitor

Analyze  Spsterm  Help

v Clear Graph before measurement
v Pauze at Connect Diagram

2. When thePerform a New Calibration and Measurementdialog box
appears, clicloK.

HP E5500 [X]

& Perfarm a Mew Calibration and Measurement?

Cancel |

3. When theConnect Diagramdialog box appears, click on the hardware
down arrow and select your hardware configuration from the pull-down
list.

Confirm your connections as shown in the connect diagram. At this time
connect your UUT and reference sources to the test set. The input
attenuator (Option 001 only) has now been correctly configured based
on your measurement definition.

CAUTION The Agilent/HP 70420A test set’s signal input is subject to the following
limits and characteristics:

Table 7-11  Agilent/HP 70420A Test Set Signal Input Limits and Characteristics

Limits

Frequency 50 kHz to 1.6 GHz (Std)
50 kHz to 26.5 GHz (Option 001)
50 kHz to 26.5 GHz (Option 201)

Maximum Signal Input Power Sum of the reference and signal input
power shall not exceed +23 dBm

At Attenuator Output, Operating Level

Range:
« RF Phase Detectors 0 to +23 dBm (Signal Input)

+15 to +23 dBm (Reference Input)
* Microwave Phase Detectors 0 to +5 dBm (Signal Input)

+7 to +10 dBm (Reference Input)
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Table 7-11  Agilent/HP 70420A Test Set Signal Input Limits and Characteristics

¢ Internal AM Detector 0 to +20 dBm

* Downconverters:

Agilent/HP 70422A 0to +30 dBm
Agilent/HP 70427A +5t0 +15 dBm
CAUTION:

To prevent damage to the Agilent/HP 70420A test set’'s hardware components,
the input signal must not be applied to the test set’s signal input connector until
the input attenuator (Option 001) has been correctly set by the phase noise
software, which will occur at the connection diagram.

Characteristics:
Input Impedance 50 ohm Nominal
AM Noise dc coupled to 50 ohm load

HP E5500 Instrument Connections

Werify Connections
Jul 26,1997 16:57:47

DUT

TUNE [coooloa]

IN OUTPUT]

O o 0] §
SIS
[

REFERENCE

TUNE

IN OUTPUT]

@ @ o’

L y

hardware: |islwiis
— Control Panel

EFT &nalyzer

Swept Saalizer | TestSet | Downconverter | Bhiase Shifter |

Larrier Source

Eeference Saurze | Fresidua Saumze | [Calibration Source | Erequerncy Eounterl

— Tuning Yoltage

[0 = - [io e |
Center Wolts  Range +/ Volts Corntinue Abort |

Local |

Figure 7-13 Connect Diagram for the RF Synthesizer (DC FM) Measurement

4. Refer to the following system connect diagram examples for more
information about system interconnections:

“E5501A Standard Connect Diagram Example” on page 7-58
“E5501B Standard Connect Diagram Example” on page 7-59
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o “E5502A Option 001 Connect Diagram Example” on page 7-36
o “E5503B Option 001 Connect Diagram Example” on page 7-39
o “E5504A Option 201 Connect Diagram Example” on page 7-64
o “E5504B Option 201 Connect Diagram Example” on page 7-65

NOTE For additional examples, refer @hapter 19, “Connect Diagrams”
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E5501A Standard Connect Diagram Example

HP E5501A Standard Phase Noise System

OSCILLOSCOPE

]0000000

( N
VXI MAINFRAME

i
J
3

i
i

\ / MXI CABLE :ﬂl
7
HP 70001A MAINFRAME
HP 70420A STD TEST SET
DUt = Oje y
4 : lo o
OPTIONAL REFERENCE
HPIB SIGNAL GENERATOR
System PC Controller = Oeeeoooo
= 2B
— Ll sEUEEE O ¢
= o
L/ - S
E5500 Software
License Key
PC-MXI Card ‘E
OPTIONAL RFSA
M p————L| ooooo
== T=1=1=1=]
2 ooa o
o EEE B
00000 0@ oo 888 8
HP 70420A Standard Test Set
HP 70420A TEST SET
DUT HP4B — STATUS — | _— To Reference
Source Input ~ lpooojloo ‘ Source
INPUT N REF INPUT
SIGNAL NOISE 50 kHz-1800MHz
© =
1V Pk
50 kHz-1600 MHz 0.01 Hz-100 MHZ/ +15 dBm MIN
s — To HP 1420
SPESTES;: HFANAITVHZAEREDET OUTPMU(;NITDH /// or Oscilloscope
—_—
Analyzer (O ©—
ANALYZER ANALYZER TUNE VOLTAGE
<100 kHz <100 MHz 50 Q2 20mA MAX [ DC OUt
N Tune Voltage
100 W/1.25 LPS

€5500/90001 /art/5501 astd.cdr
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E5501B Standard Connect Diagram Example

HP E5501B Standard Phase Noise System

OSCILLOSCOPE (Recommended)

OPTIONAL
FREQUENCY COUNTER

(o e [—
T opooon
10000000000 @ @@

HP 70001A MAINFRAME
HP 70420A STD TEST SET

put - = oo
(" 3o
To HP 70420A —N
Rear Panel 14
Noise Source Input

J
OPTIONAL REFERENCE

- SIGNAL GENERATOR
Digitizer 8
o .
npu =
System PC Controller == o 3z u} o e
> 0
5]
o
Digitizer
E5500 Software Output
License Key
PC-Digitizer Card [_-E:—II HP E4411A
9 < HP-1B SPECTRUM ANALYZER
f———it

—
= oot a
=

—> S
=

og!
[=I=]
g8
=

o g
000000 @ oD E

—

oooo pg 0

HP 70420A Standard Test Set

HP 70420A TEST SET

DUT p HPIB STATUS / -IR—oeference
Source Input ~ \w@ Source

INPUT . REF INPUT
SIGNAL NOISE 50 kHz-1600MHz
50Q
Pk

50 kHz-1600 MHz 0,01 Hz-100 MHz | +15 dBm MIN To Oscilloscope or
—— Counter Monitor

S RTFSA it L]
ectrum ————
“ /
/i)nalyzer \\YQ
ANALYZER ANALYZER TUNEVOLTAGE
ToPCDigiizer | TEEC @ DC out
Yellow Cable — <100kHz <100 MHz 50 Q2 20mA MAX \\ Tune Voltage

100 W/1.25 LPS.

©5500/90002/art/5501 bstd.cdr

Agilent Technologies E5500 Phase Noise Measurement System 7-59



Absolute Measurement Examples
RF Synthesizer using DCFM

E5502A Option 001 Connect Diagram Example

E5502A Opt. 001 Phase Noise System

OSCILLOSCOPE

I E VXI MAINFRAME

_B—@ o8 | -F - TE1430A FFT ANALYZER
=7 8 oq [F1441AARB
OPTIONAL |
FREQUENCY COUNTER - —HE1 4208 Counter
I Qc0Q 1 - o 4 |VvXI- MXI Bus
0000000000 "e‘“gg : [ =
\---------------" MX| CABLE J
894104 [ 70001A MAINFRAME
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70420A OPT. 001 70421A
H p—— = 70420A
—N g DUT = ofe o -/EI_O\ Rear Panel
2 g Pt e—=lccigo Noise Source Input
S —N ofyf’
1] ® goege C
SOURCE! 1CH1
OUTPUT} L & VAN
‘—------------------ ----'L J/
GPIB
System PC Controller BREE e tERRc o o
EEEE gljlj E |:||:|O|:|O
oo o o
5 BR o o
E5500 Software == @ OPTIONAL REFERENCE
License Key - SIGNAL GENERATOR
PC-MXI Card
L/ 8563E
% SPECTRUM ANALYZER
=™ >
,—| ﬁ g Zz:“::
.o = ? ooooo
o ge2 8
DOOOOOQ oo 888 8
70420A Opt. 001 Test Set 70421A Downconverter
70420A0OPT 001 TEST SET 70421ADOWNCONVERTER
G alo] Gooolooe

outRUT
R ANALYZER

INPUT REF INPUT
SiGNAL NOISE 50Kz 1500MHz 12-285 61

2@ | ©® O

sofomsore  oormziowa ) | sk vrommun |
$ |

FRPM o
povmiccQVERTER DOWNCORVERTER]

TUNE VOLTAGE

PHASE DET OUTFUTI
RF ANALYZER MONITOR

QUTOF Lock
o

\\ \ {'/W\ 251p5 \

To DUT To To Signal Input Downconverted
RF Output E1420 or Reference to be Output to Test Set
RESA Oscilloscope To 1430A Source  pe Tuning Out Downconverted Signal Input
Spectium Andlog In Voltage
Analyzer

0 W1 25LPS

/

e5500/90001/art/5502a001. pex
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E5502B Option 001 Connect Diagram Example

E5502B Opt. 001 Phase Noise System

OSCILLOSCOPE (Recommended)

OPTIONAL
FREQUENCY COUNTER
—'\E . Q00 Q
0000000000 Qn@ng
il ~
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Input O
g
System PC Controller == [° > Oooo O e 0000
= g o8is =EHnHHES < 2
n88 2 E@DEEED O =
Digitizer o BRE ©° = <
Output
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License Key
P 8563E
PC-Digitizer Card ‘E]
SPECTRUM ANALYZER
|:|| < GPIB
] 0
E = S3222
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[ —> S gzasz
ooo o
Co000 s o it &
- J
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70420A0PT 001 TESTSET 704214 DOWNCONVERTER
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s0y mp;t DUZTT;T‘& oo e ) .
o | @ o+ LeNe |k
e L T __J
ovrorionn
/ ok s \ \" i \
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RF Output Digitizer Refere nce to be Output to Test Set
Yellow Cable) Downconverted Signal Input
RFsA Source  ne Tyning Out gnaring
Spectrum Oscnloscope Voltage
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Monitor €5500/90002/art/5502b001.cdr
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E5503A Option 001 Connect Diagram Example

HP E5503A Opt. 001 Phase Noise System

7

OSCILLOSCOPE

s i 0o 0000

> 4

L] 0000000

o o o o

o 0 O

MXI CABLE

J U 0]

HP 70001A MAINFRAME
HP 70420A OPT. 001 HP 70422A

DUT

T,

HPIB

System PC Controller

E5500 Software
License Key
PC-MXI Card

OPTIONAL REFERENCE
SIGNAL GENERATOR

HP 8563E

SPECTRUM ANALYZER

I\

HP 70420A Opt. 001 Test Set

° ooooo
= oooao
=

ooooo
? ooooo
ooo g
o oi

588 8
£ 0000 0@ oo aaa g

—  J

HP 70422A Downconverter

HP 704204 OPT 001 TESTSET
HRIB STATUS
oooo|oo

INPUT FEF INPUT
NOSE 50K 1800MHz

505@
e
v oMy trasmmn
\

001 100 MH2
FREM 0
oowncWERTER, DOWNCONVERTER

TUNE VOLTAGE

12265 GHz

SGNAL

soyfeas5 Gz

PHASE DETOUTPUT MY
MaNIToR

' AALYZER

i
J

HP 70422A DOWNGONVERTER

HrE sTATUS
ooool|oo

cutrur

/ Yowizsis \f\ {n 25168
To DUT To To Signal Input Downconverted
RF Output HPE1420 or Reference to be Output to Test Set
RESA Oscilloscope To HP1430A Source po Tuning Out Downconverted Signal Input
Spectrum Analog In Voltage
Analyzer

e5500/90001 /art/5503a001.cdr
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E5503B Option 001 Connect Diagram Example

HP E5503B Opt. 001 Phase Noise System
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E5504A Option 201 Connect Diagram Example

HP E5504A Opt. 201Phase Noise System
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E5504B Option 201 Connect Diagram Example

HP E5504B Opt. 201 Phase Noise System
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NOTE
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While the connect diagram is still displayed, recommend that you use an
oscilloscope (connected to the Monitor port on the Agilent/HP 70420A) or a
counter to check the beatnote being created between the reference source
and your device-under-test. The objective of checking the beatnote is to
ensure that the center frequencies of the two sources are close enough in
frequency to create a beatnote that is within the capture range of the system.

The phase lock loop (PLL) capture range is 5% of the peak tuning range of
the VCO source you are using. (The peak tuning range for your VCO can be
estimated by multiplying the VCO tuning constant by the tune range of
VCO. Refer toChapter 15, “Evaluating Your Measurement ResLiltgou

are not familiar with the relationship between the PLL capture range and the
peak tuning range of the VCO.)

If the center frequencies of the sources are not close enough to create a
beatnote within the capture range, the system will not be able to complete its
measurement.

The beatnote frequency is set by the relative frequency difference between
the two sources. If you have two very accurate sources set at the same
frequency, the resulting beatnote will be very close to 0 Hz.

Searching for the beatnote will require that you adjust the center frequency
of one of the sources above and below the frequency of the other source until
the beatnote appears on the oscilloscope’s display.

If incrementing the frequency of one of the sources does not produce a
beatnote, you will need to verify the presence of an output signal from each
source before proceeding.
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JAV/div

Figure 7-14 Oscilloscope Display of a Beatnote out of the Agilent/HP 70420A Monitor
Port
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Making the
Measurement
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1. Click theContinue button when you have completed the beatnote check
and are ready to make the measurement.

2. When the PLL Suppression Curve dialog box appears, sSéieat
Measured Loop SuppressionView Smoothed Loop Suppression
andView Adjusted Loop Suppression

Phase Locked Loop Suppression Calibration Factors EHE

Mote: Any Calibration Factors displayed below with an
unknown value have not been measured pet.
Suppression traces will only be displayed after calibration.

Thearetical and Actual Loop Suppression Factors

Ig Ga g un e oy ml‘

=R A M
TITTTITTTTTT

100 1*® 10K

FLL Gain Change: 860E-3 dB
Elosed PLL BW 28823E+3 HZ ..............................................................................
Peak Tune Range: 100.5E+3Hz I¥ ‘iew Smoothed Loop Suppression
Azsumed Pale: 89.48E+3Hz
I awirnum Error: 589.5E-3 dB ) ) :
Detector Constant: 539E-3  Volts/Radian I™ iew Theoretical Loop Suppressian
CO Constant: 9.231E+3Hz ol

V' Wiew Adjusted Theoretical Loop Suppression

There are four different curves available for the this graph (for more
information about loop suppression verification, refeCtoapter 16,
“Advanced Software Features”

a. “Measured” loop suppression curve - this is the result of the loop
suppression measurement performed by the E5500 system;

b. “Smoothed” measured suppression curve - this is a curve-fit
representation of the measured results, it is used to compare with the
“theoretical” loop suppression;

c. “Theoretical” suppression curve - this is the predicted loop
suppression based on the initial loop parameters defined/selected for
this particular measurement (kphi, kvco, loop bandwidth, filters,
gain, etc).

d. “Adjusted” theoretical suppression curve - this is the new “adjusted”
theoretical value of suppression for this measurement - it is based on
changing loop parameters (in the theoretical response) to match the
“smoothed” measured curve as closely as possible;

When the measurement is complete, refeChapter 15, “Evaluating Your
Measurement Result$dr help in evaluating your measurement results.
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Figure 7-15 on page 7-6hows a typical phase noise curve for a RF
synthesizer using DCFM.

!;Ei RFSynth_DCFM_pnm - HP E5500 Phase Noize Measurement Subsystem

File Edit “iew Define Measure Analyze System Help
0|w|d| 8|3 Oi%|e| x|E| 4 = o] & ¥
RF Synthesizer vs HP 8663A DCFM
HFP ESISDD (I:axn'ler:ISDIDE+6 I'IIz — . — 24IJ|11195I‘? 1.4:4.6:.52_14i49:03.

1K 10K 100K 1M
Lify [dBc/Hz] ws { [ Hz]

For Help, press F1 [LocaL [IoLE i

Figure 7-15 Typical Phase Noise Curve for an RF Synthesizer using DCFM.
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Table 7-12 Parameter Data for the RF Synthesizer (DCFM) Measurement

Step Parameters Data
1 Type and Range Tab
Measurement Type « Absolute Phase Noise (using a phase locked loop)
e Start Frequency e 10 Hz
¢ Stop Frequency e 4E+6Hz
¢ Minimum Number of Averages « 4
FFT Quality * Fast
2 Sources Tab

Carrier Source

* Frequency ¢ 600 E+ 6 Hz
* Power e 20dBm
e Carrier Source Output is e Test Set

connected to:
Detector Input

* Frequency * 600 E +6 Hz

Reference Source

* Frequency » 600 E +6 Hz (same as Carrier Source Frequency)
» Reference Source Power « 16 dBm

VCO Tuning Parameters

» Nominal Tune Constant e 40 E +3 Hz/V

* Tune Range +/- o +/- 10 Volts

» Center Voltage 0 Volts

* Input Resistance 600 ohms

« Carrier Source

* Downconverter

« Reference Source
¢ Timebase

¢ Phase Detector

« Test Set Tune Voltage
Destination

¢ VCO Tune Mode

3 Cal Tab
* Phase Detector Constant Measure Phase Detector Constant
¢ VCO Tune Constant Calculate from expected VCO Tune Constant
¢ Phase Lock Loop Suppression Verify calculated phase locked loop suppression
 If Limit is exceeded Show Suppression Graph
4 Block Diagram Tab

Manual

None

Agilent/HP 8663A

None

Automatic Detector Selection
Reference Source

DCFM

7-70 Agilent Technologies E5500 Phase Noise Measurement System



Absolute Measurement Examples
RF Synthesizer using DCFM

Table 7-12 Parameter Data for the RF Synthesizer (DCFM) Measurement

Step Parameters Data
5 Test Set Tab
Input Attenuation « 0dB
LNA Low Pass Filter ¢ 20 MHz (Auto checked)
¢ LNA Gain ¢ Auto Gain (Minimum Auto Gain - 14 dB)
* DC Block * Not checked
¢ PLL Integrator Attenuation ¢ 0dBm
6 Downconverter Tab « The downconverter parameters do not apply to this
measurement example.
7 Graph Tab
« Title « RF Synthesizer vs Agilent/HP 8663A using DCFM
¢ Graph Type ¢ Single-sideband Noise (dBc/Hz)

X Scale Minimum
X Scale Maximum
Y Scale Minimum
Y Scale Maximum
Normalize trace data to a:

Scale trace data to a new
carrier frequency of:

Shift trace data DOWN by:

Trace Smoothing Amount

Power present at input of DUT

10 Hz

4E+6Hz

0 dBc/Hz

- 170 dBc/Hz

1 Hz bandwidth

1 times the current carrier frequency

0dB
0
0dB
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CAUTION

Required Equipment

NOTE

RF Synthesizer using EFC

This measurement example will help you measure the absolute phase noise
of an RF synthesizer using EFC.

To prevent damage to the Agilent/HP 70420A test set’s hardware
components, the input signadust notbe applied to the signal input
connector until the input attenuator has been correctly set for the desired
configuration, as show ifiable 7-15 on page 7-8@pply the input signal
when theConnection Diagramappears.

The following equipment is required for this example in addition the phase
noise test system and your unit-under-test (UUT).

To ensure accurate measurements, you should allow the UUT and
measurement equipment to warm up at least one hour before making the
noise measurement.

Table 7-13 Required Equipment for the RF
Synthesizer using EFC Measurement

Equipment Quantity Comments

Agilent/HP 8663A 1 Must have EFC Input Port.

Refer to Chapter 6, “Selecting a
Referencetor more information
about reference source
requirements

Coax Cables And adequate adapters to connect
the UUT and reference source to
the test set.
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Measurement

NOTE
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1. From theFile menu, choos®©pen.

RF Synthesizer using EFC

Edit Wiew Define

Save fz...
Ex=port Results

Cirl+M
Open... Cirl+0
Save Chil+5

Meas

Frint Prewview
Frint Setup...

Frint... Chil+F

Send...

1 Confidence. pnm

2 FreeRF.pnm

3 MicroSRC. pnm

4 Residual pnm

B RFSynth_EFC.pnm
E Moize_1.pnm

7 Moize_2 pnm

8 Moize_3.pnm

Exit

2. If necessary, choose the drive or directory where the file you want is

stored.

3. IntheFile Namebox, choose RFSynth_EFC.pnm".

Open

Look jr: I 4 Test Files

= & e [ =

Confidence. pnm @ StableRF.pnm
FreeRF.pnm

MicroSRC. pnm

Fiesidual pnm

FFSynth_DCFM. pnm

FFSynth EFC.prm:

File name: IF!FSynth_E FC.pnm

Open I

Filez of type: IHP EB500 Measurement Files [*. pnm)

j Cancel |

4. Click theOpenbutton.

The appropriate measurement definition parameters for this example
have been pre-stored in this filéable 7-16 on page 7-9sts the
parameter data that has been entered for the RF Synthesizer using EFC

measurement example.)

Note that the source parameters entered for stepralife 7-16 on

page 7-95nay not be appropriate for the

reference source you are using. To

change these values, referfiable 7-14 on page 7-7%hen continue with
step “a”. Otherwise, go ttBeginning the Measurement” on page 7:80
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a. From theDefine menu, choos&leasurement;then choose the
Sourcestab from theDefine Measurementwindow.

b. Enter the carrier (center) frequency of your UUT (5 MHz to 1.6
GHz). Enter the same frequency for the detector input frequency.

c. Enter the VCO Tuning Constant (séagble 7-14 on page 7-75

d. If you are going to use EFC tuning to tune the Agilent/HP 8663A,
use the following equation to calculate the appropriate VCO Tuning
Constant to enter for the measurement.

o VCO Tuning Constant = T x Carrier Frequency
o Where T=5E-9 for EFC

For example, to calculate the Tuning Constant value to enter for EFC
tuning when the center frequency is 300 MHz:

o (BE-9)X(300E+6)=(1500E-3)=15
e. Enter the Tune Range of VCOdble 7-13.

f. Enter the Center Voltage of VCO (s@&able 7-13.
g. Enter the Input Resistance of VCO (Seble 7-13.

@ Confidence Test using HP 8663A Int vs Ext 10 MHz - HP E5500 Phase Hoise Measureme... =] E3
File Edit ‘iew

sEEINE x|=| = of of €| ¥
———— — LimitLines..
Security Level...
EFT Segment Takle HP E5500 ﬂ E
Sweept Segment Table
—  TypeandRange Sources | Cal I Block. Diagraml TestSetI Downconverterl Graphl

Absolute Phase Moise [using a phaze locked loop)

TEr SOurce

< Frequency I Hz Power I? dBm

Carrier Source Output is connected ta: & Test Set ' Downconverter
— Detector Input Frequency Fieference Source
|1 OE+E Hz ’7 Frequency |1 OE+E Hz Power |1 B dBm
Detector Input Frequency = Reference Source Frequency multiplied by [ |1 ! |1 ]

o

~YCO Tuning P
mﬁfune Constant |1 E+3 Hz #¥alt Center Yoltage IU Wolts

Tune Range +/- |1 0 WVolts Input Resistance IBDD Ohmg
I Ewimum &llowed Deyiation fram Center Yoliage I‘I T

The Tune Range iz within the: limits of

from +/-0.20 to +/-10.00 Yalts, Preset |

az required by the current Center Yoltage setting.

|
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Table 7-14 Tuning Characteristics for Various Sources

. . Center . Input Tuning
VCO Source CFarr:er Tunlng(]H(?/)\?)s tant Voltage V(;:t:r?ee'l'(u_’r_\ IC? Resistance Calibration
¢ V) get= Q) Method
Agilent/HP 8662/3A
EFC Ug SE-9xu, 0 10 1E+6 Measure
DCFM FM Deviation 0 10 1 K (8662) Compute
600 (8663) Compute
Agilent/HP 8642A/B FM Deviation 0 10 600 Compute
Agilent/HP 8644B FM Deviation 0 10 600 Compute
Other Signal
Generato r FM Deviation 0 10 Rin Compute
DCFM Calibrated for
1V
Other User VCO Estimated within a -10to 1E+6 Measure
Source factor of 2 +10

Selecting a Reference 1. From theDefine menu, choos#leasurement;then choose thBlock
Source Diagram tab from theDefine Measurementwindow.

2. From theReference Sourcepull-down list, selecyour source.

@ Confidence Test using HP 8663A Int vs Ext 10 MHz - HP E5500 Phase Hoise Measureme... !E[ E
File Edit “iew EUIEN Meazure Analyze System Help

E X @ o] o

— Limit Lines...

Security Level...

EFT Segment Takle HP E5500 ﬂ E

Sweept Segment Table =

_ Typeand Hangel Sourcesl Cal Block Diagram | Test Setl Downconverterl Graph I
Absolute Phase Moise [using a phaze locked loop)

— Carrier Source

Phase Detector
’7 IAutomatic Detector Selection j

Test Set Tune Voltage

 Reference Source ] IFantF’aneI 'l

[ | e — Destiaton [Feoercs Souce =]

1o | (marual) ‘-\{ estination | Reference Source
b

i WCO Tune Mode
= (imetiase
checkl 7\/ s " DC Fi
[/l I[none] Reference Source——————————————
check T
1701 0663

Aszzet Manager | Frezet |
Cloze | Help |
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Suppression
Verification
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3. When you have completed these operations, cliciCliesebutton

1. From theDefine menu, choos&easurement;then choose th€al tab

from theDefine Measurementwindow.

2. IntheCal dialog box, checWkerify calculated phase locked loop
suppressionandAlways Show Suppression GraphSelectf limit is
exceeded: Show Loop Suppression Graph

|| =1 o] @

%

Security Level...

EFT Segment Table  [JENE3AT]
Sweept Segment Table

Absolute Phase Moise [using a phaze locked loop)
Phase Detector Constant

Type and Hangel Sources  Cal | Block. Diagraml Test Setl Downconverterl Graph I

" Use curent phase detectar constant
' Measure phase detector constant

Current Phaze Detector Constant |4?BE-3 Wolts / Radian

%CO Tune Constant

' Use current YCO tune constant
' Measure YO tune constant

& Calculate from expected YCO tune constant using tune port resistance

Current %CO Tune Constant |923.1 Hz /Walt
Expected ¥CO Tune Constant |923.1 Hz /%ol

Phase Locked Loop Suppression

v erify calculated phase locked loop suppression W ilways Show Suppression Graph

b aximum Suppreszion Error Limit |1 dB

If Limit i exceeded: ' Use thearstical values ¢ Use adjusted values <% Shaw Suppression Grap

Prezet |

Cloze

Help |

3. When you have completed these operations, cliciCliesebutton
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Selecting a Reference 1. From theDefine menu, choos#leasurement;then choose thBlock
Source Diagram tab from theDefine Measurementwindow.

2. From theReference Sourcepull-down list, select your reference source.

!;Ei Confidence_pnm - HP E5500 Phase Noize Measurement Subsystem
File Edit iew

D|D”|H| ]

Spstem  Help

| ) = 0| & ¥|

Swept Segment T able

Meazure  Analyze

| it

Type and Hangel Sourcesl Cal Block Diagram | Test Setl Downconverterl Graph I

Absolute Phase Moise [using a phaze locked loop)

— Camier Source—————————————————
ch.% I [manual) s l

— Diown Converter " Phase Detector

I[none]

@ None ' Manual " System Control

IAutomatic Detector Selection j

Test Set Tune Voltage

- Reference Source—————————————

heck ot IFront Panel 'l

c|f5| [EETI— ~ |

Destination IW
= limebase WCO Tune Mode
| I l i EFC & DCFM

c|hf6k [none) ¥ = =

Aszzet Manager |

Cloze | Help |

3. When you have completed these operations, cliciCileeebutton

Setup Considerations  Measurement Noise Floor

for the RF Synthesizer  The signal amplitude at the R input (Signal Input) port on the

using EFC Agilent/HP 70420A sets the measurement noise floor level. Use the

Measurement following graph to determine the amplitude required to provide a noise floor
level that is below the expected noise floor of your UUT.
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Ref Input Level +15 dBm

+
[$)]

+
[$)]

Input Signal Level (dBm)
&

-15
-140 -150 -160 -170 -180

Expected Phase Noise Floor of System (dBc/Hz)
f>10kHz

Figure 7-16 Noise Floor for the RF Synthesizer (EFC) Measurement
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!;Ei Externally loaded file - HP E5500 Phase Hoise Measurement Subsystem
File Edit “iew Define Measure Analyze System Help

D|=(E| 8|0 £ Bl®lo| x[E| = of | F| X
Confidence Test using HP 86634 Int ws Ext 10 MHz
o EEESS00_Comier: 10E4S By HoSpws : 71997 17:18:44 - 17:30:55

=
=
T T T I T T T T T AT T T I IrITT

=
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T
L
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[ozAL [IDLE 7

If the output amplitude of your UUT is not sufficient to provide an adequate
measurement noise floor, it will be necessary to insert a low noise amplifier
between the UUT and the Agilent/HP 70420A input. (Refer to “Inserting an
Device” inChapter 6, “Absolute Measurement Fundamentastietails on
determining the effect that the amplifier’s noise will have on the measured
noise floor.)
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Agilent/HP 8663A VCO Reference

This setup uses the Agilent/HP 8663A as the VCO reference source. In order
for the noise measurement results to accurately represent the noise of the

UUT, the noise level of the reference source should be below the expected
noise level of the UUT.
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Beginning the 1. From theMeasurementmenu, choosélew Measurement
Measurement

!;Ei Confidence_pnm - HP E5500 Phase Noize Measuremen
File Edit “iew Define

N[
% Fepeat Measurement

Abort Measurement
Fieal-Time Monitor

Analyze  Spsterm  Help

v Clear Graph before measurement
v Pauze at Connect Diagram

2. When thePerform a New Calibration and Measurementdialog box
appears, clicloK.

HP E5500 [X]

& Perfarm a Mew Calibration and Measurement?

Cancel |

3. When theConnect Diagramdialog box appears, click on the hardware
down arrow and select your hardware configuration from the pull-down
list.

Confirm your connections as shown in the connect diagram. At this time
connect your UUT and reference sources to the test set. The input
attenuator (Option 001 only) has now been correctly configured based
on your measurement definition.

CAUTION The Agilent/HP 70420A test set’s signal input is subject to the following
limits and characteristics:

Table 7-15 Agilent/HP 70420A Test Set Signal Input Limits and Characteristics

Limits

Frequency 50 kHz to 1.6 GHz (Std)
50 kHz to 26.5 GHz (Option 001)
50 kHz to 26.5 GHz (Option 201)

Maximum Signal Input Power Sum of the reference and signal input
power shall not exceed +23 dBm

At Attenuator Output, Operating Level

Range:
* RF Phase Detectors 0 to +23 dBm (Signal Input)

+15 to +23 dBm (Reference Input)
* Microwave Phase Detectors 0 to +5 dBm (Signal Input)

+7 to +10 dBm (Reference Input)
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Table 7-15 Agilent/HP 70420A Test Set Signal Input Limits and Characteristics

¢ Internal AM Detector 0 to +20 dBm

* Downconverters:

Agilent/HP 70422A 0to +30 dBm
Agilent/HP 70427A +5to0 +15 dBm
CAUTION:

To prevent damage to the Agilent/HP 70420A test set’'s hardware components,
the input signal must not be applied to the test set’s signal input connector until
the input attenuator (Option 001) has been correctly set by the phase noise
software, which will occur at the connection diagram.

Characteristics:
Input Impedance 50 ohm Nominal
AM Noise dc coupled to 50 ohm load

HP E5500 Instrument Connections

Werify Connections
Jul 26,1997 16:57:47

DUT

TUNE [coooloa]

IN OUTPUT]

O o 0] §
SIS
[

REFERENCE

TUNE

IN OUTPUT]

@ @ o’

L y

hardware: |islwiis
— Control Panel

EFT &nalyzer

Swept Saalizer | TestSet | Downconverter | Bhiase Shifter |

Larrier Source |

Eeference Saurze | Fresidua Saumze | [Calibration Source | Erequerncy Eounterl

— Tuning Yoltage

[0 = - [io e |
Center Wolts  Range +/ Volts Corntinue Abort |

Local |

Figure 7-17 Connect Diagram for the RF Synthesizer (EFC) Measurement

4. Refer to the following system connect diagram examples for more
information about system interconnections:

o “E5501A Standard Connect Diagram Example” on page 7-83
o “E5501B Standard Connect Diagram Example” on page 7-35
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o “E5502A Option 001 Connect Diagram Example” on page 7-36
o “E5503B Option 001 Connect Diagram Example” on page 7-88
o “E5504A Option 201 Connect Diagram Example” on page 7-89
o “E5504B Option 201 Connect Diagram Example” on page 7-90

NOTE For additional examples, refer @hapter 19, “Connect Diagrams”
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E5501A Standard Connect Diagram Example

HP E5501A Standard Phase Noise System
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i
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i
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Agilent Technologies E5500 Phase Noise Measurement System 7-83



Absolute Measurement Examples
RF Synthesizer using EFC

E5501B Standard Connect Diagram Example

HP E5501B Standard Phase Noise System

OSCILLOSCOPE (Recommended)
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E5502A Option 001 Connect Diagram Example

E5502A Opt. 001 Phase Noise System
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E5502B Option 001 Connect Diagram Example

E5502B Opt. 001 Phase Noise System
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E5503A Option 001 Connect Diagram Example

HP E5503A Opt. 001 Phase Noise System
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E5503B Option 001 Connect Diagram Example

HP E5503B Opt. 001 Phase Noise System
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E5504A Option 201 Connect Diagram Example

HP E5504A Opt. 201Phase Noise System
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E5504B Option 201 Connect Diagram Example

HP E5504B Opt. 201 Phase Noise System
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Checking the Beatnote Wwhile the connect diagram is still displayed, recommend that you use an
oscilloscope (connected to the Monitor port on the Agilent/HP 70420A) or a
counter to check the beatnote being created between the reference source
and your device-under-test. The objective of checking the beatnote is to
ensure that the center frequencies of the two sources are close enough in
frequency to create a beatnote that is within the capture range of the system.

The phase lock loop (PLL) capture range is 5% of the peak tuning range of
the VCO source you are using. (The peak tuning range for your VCO can be
estimated by multiplying the VCO tuning constant by the tune range of
VCO. Refer toFigure on page 15-if you are not familiar with the

relationship between the PLL capture range and the peak tuning range of the
VCO.)

NOTE If the center frequencies of the sources are not close enough to create a
beatnote within the capture range, the system will not be able to complete its
measurement.

The beatnote frequency is set by the relative frequency difference between
the two sources. If you have two very accurate sources set at the same
frequency, the resulting beatnote will be very close to 0 Hz.

Searching for the beatnote will require that you adjust the center frequency
of one of the sources above and below the frequency of the other source until
the beatnote appears on the oscilloscope’s display.

If incrementing the frequency of one of the sources does not produce a
beatnote, you will need to verify the presence of an output signal from each
source before proceeding.
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JAV/div

Figure 7-18 Oscilloscope Display of a Beatnote out of the Agilent/HP 70420A Monitor
Port
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1. Click theContinue button when you have completed the beatnote check
and are ready to make the measurement.

2. When the PLL Suppression Curve dialog box appears, sSéieat
Measured Loop SuppressionView Smoothed Loop Suppression
andView Adjusted Loop Suppression

Phase Locked Loop Suppression Calibration Factors EHE

Mote: Any Calibration Factors displayed below with an
unknown value have not been measured pet.
Suppression traces will only be displayed after calibration.

Thearetical and Actual Loop Suppression Factors

100 1*® 10K

FLL Gain Change: 860E-3 dB
Closed PLL B\ 2.8823E+3 v | AT MCEsEE Ly S

Peak Tune Range: 100.5E+3Hz IV Wiew Smacthed Loop Suppression

Assumed Pole: 89 48E+3Hz - - B :
Wawimum Errar 59563 B v \u"few Ag|ustet?l Theoretical Loop .Suppressmn
Detector Constant: 59963 Wals/Radian I™ Wiew Theoretical Loop Suppression

CO Constant: 9.231E+3Hz ol

There are four different curves available for the this graph (for more
information about loop suppression verification, refeCtoapter 16,
“Advanced Software Features”

a. “Measured” loop suppression curve - this is the result of the loop
suppression measurement performed by the E5500 system;

b. “Smoothed” measured suppression curve - this is a curve-fit
representation of the measured results, it is used to compare with the
“theoretical” loop suppression;

c. “Theoretical” suppression curve - this is the predicted loop
suppression based on the initial loop parameters defined/selected for
this particular measurement (kphi, kvco, loop bandwidth, filters,
gain, etc).

d. “Adjusted” theoretical suppression curve - this is the new “adjusted”
theoretical value of suppression for this measurement - it is based on
changing loop parameters (in the theoretical response) to match the
“smoothed” measured curve as closely as possible;

When the measurement is complete, refeChapter 15, “Evaluating Your
Measurement Result$dr help in evaluating your measurement results.
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Figure 7-5 on page 7-2dhows a typical phase noise curve for a RF
synthesizer using EFC.

!;Ei RFSynth_EFC.pnm - HP E5500 Phase Moise Measurement Subsystem

File Edit “iew Define Measure Analyze Swestem  Help
MEEE RS ER =]
RF Synthesizer vs HP 8663A EFC
HFP E5ISDD (;aniler:ISDDEﬂS I-IIz . i . 24}Ju.119|9? DI6:4|18:39-06I:50:50 i

-10
z0F
230
-40
250
60
70
-s0F
-0

-100)

-110)

-120)

-130)

-140)

-150F

-160)

-170 : T . P P
10 100 1K 10K 100K 1M 4M
L(f) [dBe/Hz] vs f [Hz]

A new measurement has been loaded into the server. |LoCaL [IoLE o

Figure 7-19 Typical Phase Noise Curve for an RF Synthesizer using EFC.
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Table 7-16 Parameter Data for the RF Synthesizer (EFC) Measurement

Step Parameters Data
1 Type and Range Tab
Measurement Type « Absolute Phase Noise (using a phase locked loop)
e Start Frequency e 10 Hz
* Stop Frequency ¢« 4E+6Hz
¢ Minimum Number of Averages « 4
FFT Quality * Fast
2 Sources Tab

Carrier Source

* Frequency * 500E +6Hz

« Power ¢« 10dBm

« Carrier Source Output is ¢ Test Set
connected to:

Detector Input ¢« 500 E +6 Hz

« Frequency

Reference Source + 500 E +6 Hz (same as Carrier Source Frequency)

* Frequency e 16 dBm

« Reference Source Power

VCO Tuning Parameters e 25 Hz/IV

¢ Nominal Tune Constant e +/-10 Volts

e Tune Range +/- « 0 Volts

¢ Center Voltage e 1E +6 ohms

¢ Input Resistance

3 Cal Tab
¢ Phase Detector Constant ¢ Measure Phase Detector Constant
¢ VCO Tune Constant ¢ Measure from expected VCO Tune Constant
« Phase Lock Loop Suppression  « Verify calculated phase locked loop suppression
« If Limit is exceeded « Show Suppression Graph
4 Block Diagram Tab
e Carrier Source ¢ Manual
« Downconverter ¢ None
* Reference Source « Agilent/HP 8663A
¢ Timebase * None
¢ Phase Detector ¢ Automatic Detector Selection
« Test Set Tune Voltage * Reference Source
Destination « EFC

¢ VCO Tune Mode
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Table 7-16 Parameter Data for the RF Synthesizer (EFC) Measurement

Step Parameters Data
5 Test Set Tab
Input Attenuation « 0dB
LNA Low Pass Filter ¢ 20 MHz (Auto checked)
¢ LNA Gain ¢ Auto Gain (Minimum Auto Gain - 14 dB)
* DC Block * Not checked
¢ PLL Integrator Attenuation ¢ 0dBm
6 Downconverter Tab * The downconverter parameters do not apply to this

measurement example.

7 Graph Tab
« Title « RF Synthesizer vs Agilent/HP 8663A using EFC
¢ Graph Type ¢ Single-sideband Noise (dBc/Hz)
¢ X Scale Minimum e 10 Hz
¢ X Scale Maximum ¢« 4E+6Hz
¢ Y Scale Minimum ¢ 0dBc/Hz
¢ Y Scale Maximum e -170 dBc/Hz
¢ Normalize trace data to a: ¢ 1 Hz bandwidth
« Scale trace data to a new « 1 times the current carrier frequency
carrier frequency of:
¢ Shift trace data DOWN by: . 0dB
e Trace Smoothing Amount .« 0

» Power present at input of DUT  , ggp
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Microwave Source

This measurement example will help you measure the absolute phase noise
of a microwave source (2.5 to 18 GHz) with frequency drifcdDE — 9 X
Carrier Frequency over a period of thirty minutes.

CAUTION To prevent damage to the Agilent/HP 70420A test set’s hardware
components, the input signadust notbe applied to the signal input
connector until the input attenuator has been correctly set for the desired
configuration, as show imable 7-19 on page 7-103pply the input signal
when theConnection Diagramappears.

Required Equipment The following equipment is required for this example in addition the phase
noise test system and your unit-under-test (UUT).

NOTE To ensure accurate measurements, you should allow the UUT and
measurement equipment to warm up at least one hour before making the
noise measurement.

Table 7-17 Required Equipment for the Microwave
Source Measurement Example

Equipment Quantity Comments

Agilent/HP 8644B 1 Must have DCFM Input Port.

Refer to Chapter 6, “Selecting a
Referencetor more information
about reference source
requirements

Agilent/HP 70422A 1 Must be entered in the Asset
Manager and Server Hardware
Connections dialog box.

Coax Cables And adequate adapters to connect
the UUT and reference source to
the test set.
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1. From theFile menu, choos©pen.

Edit Wiew Define Meas
Cirl+M
Open... Cirl+0
Save Chil+5

Save fz...

Ex=port Results 3
Frint... Chil+F
Frint Prewview

Frint Setup...

Send...

1 Confidence. pnm

2 FreeRF.pnm

3 MicroSRC. pnm

4 Residual pnm

B RFSynth_EFC.pnm
E Moize_1.pnm

7 Moize_2 pnm

8 Moize_3.pnm

Exit

2. If necessary, choose the drive or directory where the file you want is
stored.

3. IntheFile Namebox, choose MicroSRC.pnm”.

Open 21=]
Lok in: Ia Test Files j gl BoEC EE
Confidence. pnm @ StableRF.pnm

FFSynth_DCFM. pnm
RFSynth_EFC.pnm

File name: IMicroSHE.pnm Open I
Files of lpe: IHP E&500 Measurement Files (% prm) j Cancel |

4. Click theOpenbutton.

The appropriate measurement definition parameters for this example
have been pre-stored in this filéable 7-20 on page 7-11iéts the
parameter data that has been entered for the Microwave Source
measurement example.)

Note that the source parameters entered for stepralife 7-20 on

page 7-114nay not be appropriate for the reference source you are using.
To change these values, referTable 7-18 on page 7-10€hen continue

with step “a”. Otherwise, go ttBeginning the Measurement” on

page 7-103
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From theDefine menu, choos&leasurement;then choose the
Sourcestab from theDefine Measurementwindow.

b. Enter the carrier (center) frequency of your UUT (5 MHz to
1.6 GHz). Enter the same frequency for the detector input
frequency.

c. Enterthe VCO Tuning Constant (s&able 7-18 on page 7-100
Use the following equation to calculate the appropriate VCO Tuning
Constant to enter for the measurement.

o VCO Tuning Constant = T x Carrier Frequency
o Where T=5E-9

For example, to calculate the Tuning Constant value to enter for EFC
tuning when the center frequency is 18 GHz:

(5E-9) X (18 E + 9) = 90

]
d. Enter the Tune Range of VCO (séable 7-18.
e. Enterthe Center Woltage of VCO (séable 7-18.

f. Enter the Input Resistance of VCO (s&able 7-18.

WEENE - x|=| = of of €| ¥
A Limit Lines... —l—I !l —l —l —l
Security Level...
EFT Segment Takle HP E5500 ﬂ E
Sweept Segment Table
—  TypeandRange Sources | Cal I Block. Diagraml TestSetI Downconverterl Graphl
Absolute Phase Moise [using a phaze locked loop)
—Eamer Source———
< Frequency I Hz Power I? dBm
Carrier Source Output is connected ta: & Test Set ' Downconverter
— Detector Input Frequency Fieference Source
|1UE+5 Hz ’7 Frequency |1UE+B Hz Power |15 dBm
Detector Input Frequency = Reference Source Frequency multiplied by [ |1 ! |1 ]

—%C0 Tuning P
mﬁfune Constant |1 E+3 Hz #¥alt Center Yoltage IU Wolts

Tune Range +/- |1 0 WVolts Input Resistance IBDD Ohmg
I Ewimum &llowed Deyiation fram Center Yoliage I‘I T

The Tune Range iz within the: limits of

from +/-0.20 to +/-10.00 Yalts, Preset |
az required by the current Center Yoltage setting.
|
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Table 7-18 Tuning Characteristics for Various Sources

. . Center . Input Tuning
VCO Source CFarr:er Tunlng(]H(?/)\?)s tant Voltage V(;:t:r?ee'l'(u_’r_\ IC? Resistance Calibration
¢ V) get= Q) Method
Agilent/HP 8662/3A
EFC Ug SE-9xu, 0 10 1E+6 Measure
DCFM FM Deviation 0 10 1 K (8662) Compute
600 (8663) Compute
Agilent/HP 8642A/B FM Deviation 0 10 600 Compute
Agilent/HP 8644B FM Deviation 0 10 600 Compute
Other Signal
Generato r FM Deviation 0 10 Rin Compute
DCFM Calibrated for
1V
Other User VCO Estimated within a -10to 1E+6 Measure
Source factor of 2 +10

1. From theDefine menu, choos&leasurement;then choose thBlock
Diagram tab from theDefine Measurementwindow.

Selecting a Reference

Source
2. From theReference Sourcepull-down list, selecyour source.

3 Confidence Test using HP 8663A Int vs Ext 10 MHz - HP E5500 Phase Hoise Measureme... B[] [E3

XN -

— Limit Lines...

GEM Measure  Analyze System  Help

|| =1 o] @

Security Level...

EFT Segment Takle HP E5500 ﬂ E
Sweept Segment Table =
-_  TypeandRange I Sources I Cal Block Diagram | Test Set I Downconverter I Graph I
Absolute Phase Moise [using a phaze locked loop)
— Camier Source—————————————————
Iz’ﬂ. I[manual] 'l
—Down Converter—————————————— Phase Detector
I[none] ’7 IAutomatic Detector Selection j
& Mone
£ System Cornbrol
' Manual
" Egternal Test Set Tune Voltage

— Reference Source
checkl l—l
1o | (marual) ‘-\{
b

= (imetiase

~

utEut | Frant Panel i
Destination IHeference Source 'l

check
140

clhfakl I[none] "Heference Source

WCO Tune Mode
oo & DCFM

Aszzet Manager |

Prezet |

Cloze |

Help |
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3. When you have completed these operations, cliciCliesebutton

Selecting Loop 1. From theDefine menu, choos&easurement;then choose th€al tab
Suppression from theDefine Measurementwindow.
Verification 2. IntheCal dialog box, checkerify calculated phase locked loop

suppressionandAlways Show Suppression GraphSelectf limit is
exceeded: Show Loop Suppression Graph

g HP 8663A Int vs Ext 10 MHz - HP E5500 Phase Hoise Measureme... [H[=] E3
Messure  Analyze System  Help

———— — Limit is. —l—Ix 3' QI i

Security Level...
EFT Segment Takle HP E5500 ﬂ E
Sweept Segment Table

-_  TypeandRange I Sources  Cal | Block Diagram I Test Set I Downconverter I Graph I

Absolute Phase Moise [using a phaze locked loop)

Phase Detector Constant

" Use curent phase detectar constant
' Measure phase detector constant

Current Phaze Detector Constant |4?BE-3 Wolts / Radian

%CO Tune Constant

' Use current YCO tune constant

' Measure YO tune constant

& Calculate from expected YCO tune constant using tune port resistance

Current %CO Tune Constant |923.1 Hz /Walt
Expected ¥CO Tune Constant |923.1 Hz /%ol

Phase Locked Loop Suppression

v erify calculated phase locked loop suppression W ilways Show Suppression Graph

b aximum Suppreszion Error Limit |1 dB

If Limit i exceeded: ' Use thearstical values ¢ Use adjusted values <% Shaw Suppression Grap
Prezet |

3. When you have completed these operations, cliciCliesebutton

Setup Considerations  Measurement Noise Floor

for the Microwave The following noise characteristics graph shows a typical noise level for

Source Measurement the Agilent/HP 70422A when used with the Agilent/HP 8644B. Use it to
help you estimate if the measurement noise floor that it provides is
below the expected noise level of your UUT.
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Figure 7-20 Noise Characteristics for the Microwave Measurement

If the output amplitude of your UUT is not sufficient to provide an
adequate measurement noise floor, it will be necessary to insert a low
noise amplifier between the UUT and the Agilent/HP 70422A input.
(Refer to “Inserting an Device” i€hapter 6, “Absolute Measurement
Fundamentalsfor details on determining the effect that the amplifier’s
noise will have on the measured noise floor.)
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Beginning the 1. From theMeasurementmenu, choosélew Measurement
Measurement

!;Ei Confidence_pnm - HP E5500 Phase Noize Measuremen
File Edit “iew Define

D|=|E| 2|
Bepeat Measzurement

Abort Measurement
Fieal-Time Monitor

Analyze  Spsterm  Help

v Clear Graph before measurement
v Pauze at Connect Diagram

2. When thePerform a New Calibration and Measurementdialog box
appears, clicloK.

HP E5500 [X]

& Perfarm a Mew Calibration and Measurement?

Cancel |

3. When theConnect Diagramdialog box appears, click on the hardware
down arrow and select your hardware configuration from the pull-down
list.

Confirm your connections as shown in the connect diagram. At this time
connect your UUT and reference sources to the test set. The input
attenuator (Option 001 only) has now been correctly configured based
on your measurement definition.

CAUTION The Agilent/HP 70420A test set’s signal input is subject to the following
limits and characteristics:

Table 7-19 Agilent/HP 70420A Test Set Signal Input Limits and Characteristics

Limits

Frequency 50 kHz to 1.6 GHz (Std)
50 kHz to 26.5 GHz (Option 001)
50 kHz to 26.5 GHz (Option 201)

Maximum Signal Input Power Sum of the reference and signal input
power shall not exceed +23 dBm

At Attenuator Output, Operating Level

Range:
« RF Phase Detectors 0 to +23 dBm (Signal Input)

+15 to +23 dBm (Reference Input)
* Microwave Phase Detectors 0 to +5 dBm (Signal Input)

+7 to +10 dBm (Reference Input)
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Table 7-19 Agilent/HP 70420A Test Set Signal Input Limits and Characteristics

¢ Internal AM Detector 0 to +20 dBm

* Downconverters:

Agilent/HP 70422A 0to +30 dBm
Agilent/HP 70427A +5t0 +15 dBm
CAUTION:

To prevent damage to the Agilent/HP 70420A test set’'s hardware components,
the input signal must not be applied to the test set’s signal input connector until
the input attenuator (Option 001) has been correctly set by the phase noise
software, which will occur at the connection diagram.

Characteristics:
Input Impedance 50 ohm Nominal
AM Noise dc coupled to 50 ohm load
HP E5500 Instrument Connections
Werify Connections
Jul 26, 1997 16:50:36
DUT HP 70420A OPT 001 HP 70422A
TUNE (ccoolos]
IN OUTPUT] =y
O & D -
SO g @ O @ O
<O
REFERENCE
TUNE J
IN OUTPUT]
ol o w
(EGRE M EHP 704204 option 001 te: yith HP 7004 ownconyerter
— Control Panel
EFT &nalyzer | Swept Saalizer | TestSet | Downconverter | Bhiase Shifter |
Larrier Source | Eeference Sourcel Fresidua Saumze | [Calibratian Sourcel Erequerncy Eounterl
— Tuning Yoltage
Center IU 3. Woltz  Fange +/- I‘ID Wolte ’WI bt | L] |

Figure 7-21  Connect Diagram for the Microwave Source Measurement

4. Refer to the following system connect diagram examples for more
information about system interconnections:

“E5503A Option 001 Connect Diagram Example” on page 7-106
“E5503B Option 001 Connect Diagram Example” on page 7-107
“E5504A Option 201 Connect Diagram Example” on page 7-40
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o “E5504B Option 201 Connect Diagram Example” on page 7-109

NOTE For additional examples, refer @hapter 19, “Connect Diagrams”
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E5503A Option 001 Connect Diagram Example

HP E5503A Opt. 001 Phase Noise System

7

OSCILLOSCOPE

s i 0o 0000

> 4

L] 0000000

o o o o

o 0 O

MXI CABLE

J U 0]

HP 70001A MAINFRAME
HP 70420A OPT. 001 HP 70422A

DUT

T,

HPIB

System PC Controller

E5500 Software
License Key
PC-MXI Card

OPTIONAL REFERENCE
SIGNAL GENERATOR

HP 8563E

SPECTRUM ANALYZER

I\

HP 70420A Opt. 001 Test Set

° ooooo
= oooao
=

ooooo
? ooooo
ooo g
o oi

588 8
£ 0000 0@ oo aaa g

—  J

HP 70422A Downconverter

HP 704204 OPT 001 TESTSET
HRIB STATUS
oooo|oo

INPUT FEF INPUT
NOSE 50K 1800MHz

505@
e
v oMy trasmmn
\

001 100 MH2
FREM 0
oowncWERTER, DOWNCONVERTER

TUNE VOLTAGE

12265 GHz

SGNAL

soyfeas5 Gz

PHASE DETOUTPUT MY
MaNIToR

' AALYZER

i
J

HP 70422A DOWNGONVERTER

HrE sTATUS
ooool|oo

cutrur

/ Yowizsis \f\ {n 25168
To DUT To To Signal Input Downconverted
RF Output HPE1420 or Reference to be Output to Test Set
RESA Oscilloscope To HP1430A Source po Tuning Out Downconverted Signal Input
Spectrum Analog In Voltage
Analyzer

e5500/90001 /art/5503a001.cdr
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E5503B Option 001 Connect Diagram Example

HP E5503B Opt. 001 Phase Noise System

OSCILLOSCOPE (Recommended)

o
(=}
a
a
[ =1
[=}
a
K]

OPTIONAL
FREQUENCY COUNTER

5 N[ - Qoo O
V] 0000000000 ‘T;g".’g

4L
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HP 70001A MAINFRAME
HP 70420A OPT. 001 HP 70422A

To HP 70420A
Rear Panel
Noise Source Input

O & O o
~ AL

O
—

JL%

Digitizer
Input

System PC Controller

Yellow Cable

E5500 Software
License Key
PC-Digitizer Card

OPTIONAL REFERENCE
SIGNAL GENERATOR

O eee 0 OO0

g e A ER e
=}
H sEH0EERE O 2

o o

HP 8563E

SPECTRUM ANALYZER

HP 70420A Opt. 001
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HP 70420A OPT 001 TEST SET
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INPUT REF INPUT
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WPk
01285 Gz

001 H2100 HHz
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TUNE VOLTAGE

@\
L

ouT oF Lock
o

HP 70422/ DOWNCONVERTER
WP sTATUS
Dooo|oo

p— 0UTRUT
FF ANALYZER

INFUT
SIGNAL

To DUT To PC To Signal Input Downconverted
RF Output Digitizer Reference to be Output to Test Set
RFSA (Yellow Cable) To Source  pg Tuning Out Downconverted Signal Input
Spectrum Oscilloscope Voltage
Analyzer or Counter
Monitor e5500/90002/art/5503b001 .cdr
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E5504A Option 201 Connect Diagram Example

HP E5504A Opt. 201Phase Noise System

7

OSCILLOSCOPE

VXI MAINFRAME

Isio: 0000

7

] 0oooooo

DUT
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System PC Controller
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License Key
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HP-IB OPTIONAL RFSA

HP 70420A Opt. 201 Test Set

ocoooo
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=
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HP 70427A Downconverter
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zen Tone voumce
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I wwises | Y 100w 2515
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E5504B Option 201 Connect Diagram Example

HP E5504B Opt. 201 Phase Noise System
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While the connect diagram is still displayed, recommend that you use an
oscilloscope (connected to the Monitor port on the Agilent/HP 70420A) or a
counter to check the beatnote being created between the reference source
and your device-under-test. The objective of checking the beatnote is to
ensure that the center frequencies of the two sources are close enough in
frequency to create a beatnote that is within the capture range of the system.

The phase lock loop (PLL) capture range is 5% of the peak tuning range of
the VCO source you are using. (The peak tuning range for your VCO can be
estimated by multiplying the VCO tuning constant by the tune range of
VCO. Refer toChapter 15, “Evaluating Your Measurement ResLiltgou

are not familiar with the relationship between the PLL capture range and the
peak tuning range of the VCO.)

If the center frequencies of the sources are not close enough to create a
beatnote within the capture range, the system will not be able to complete its
measurement.

The beatnote frequency is set by the relative frequency difference between
the two sources. If you have two very accurate sources set at the same
frequency, the resulting beatnote will be very close to 0 Hz.

Searching for the beatnote will require that you adjust the center frequency
of one of the sources above and below the frequency of the other source until
the beatnote appears on the oscilloscope’s display.

If incrementing the frequency of one of the sources does not produce a
beatnote, you will need to verify the presence of an output signal from each
source before proceeding.
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JAV/div

Figure 7-22 Oscilloscope Display of a Beatnote out of the Agilent/HP 70420A Monitor
Port

1. Estimate the system’s capture range (using the VCO source parameters
entered for this measurement). The estimated VCO tuning constant must
be accurate within a factor of 2. A procedure for Estimating the Tuning
Constant is located in this chapter.

VCO Tuning Constant (Hz/V) X Tuning Range (V)

Capture Range (Hz) =

5
Capture Range (Hz) = (I_;Z/V) X v) = (Hz)
NOTE If you are able to locate the beatnote, but it distorts and then disappears as

you adjust it towards 0 Hz, your sources are injection locking to each other.
Set the beatnote to the lowest frequency possible before injection locking
occurs and then refer to Minimizing Injection Locking in the Problem
Solving section of this chapter for recommended actions.

NOTE If you are not able to tune the beatnote to within the capture range due to
frequency drift, refer to Tracking Frequency Dirift in the Problem Solving
section of this chapter for information about measuring drifting signals.

Agilent Technologies E5500 Phase Noise Measurement System 7-111



Making the
Measurement

Absolute Measurement Examples
Microwave Source

1. Click theContinue button when you have completed the beatnote check
and are ready to make the measurement.

2. When the PLL Suppression Curve dialog box appears, sSéieat
Measured Loop SuppressionView Smoothed Loop Suppression
andView Adjusted Loop Suppression

Phase Locked Loop Suppression Calibration Factors EHE

Mote: Any Calibration Factors displayed below with an
unknown value have not been measured pet.
Suppression traces will only be displayed after calibration.

Thearetical and Actual Loop Suppression Factors

Ig Ga g un e oy ml‘

=R A M
TITTTITTTTTT

100 1*® 10K

FLL Gain Change: 860E-3 dB
Elosed PLL BW 28823E+3 HZ ..............................................................................
Peak Tune Range: 100.5E+3Hz I¥ ‘iew Smoothed Loop Suppression
Azsumed Pale: 89.48E+3Hz
I awirnum Error: 589.5E-3 dB ) ) :
Detector Constant: 539E-3  Volts/Radian I™ iew Theoretical Loop Suppressian
CO Constant: 9.231E+3Hz ol

V' Wiew Adjusted Theoretical Loop Suppression

There are four different curves available for the this graph (for more
information about loop suppression verification, refeCtoapter 16,
“Advanced Software Features”

a. “Measured” loop suppression curve - this is the result of the loop
suppression measurement performed by the E5500 system;

b. “Smoothed” measured suppression curve - this is a curve-fit
representation of the measured results, it is used to compare with the
“theoretical” loop suppression;

c. “Theoretical” suppression curve - this is the predicted loop
suppression based on the initial loop parameters defined/selected for
this particular measurement (kphi, kvco, loop bandwidth, filters,
gain, etc).

d. “Adjusted” theoretical suppression curve - this is the new “adjusted”
theoretical value of suppression for this measurement - it is based on
changing loop parameters (in the theoretical response) to match the
“smoothed” measured curve as closely as possible;

When the measurement is complete, refeChapter 15, “Evaluating Your
Measurement Result$dr help in evaluating your measurement results.
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Figure 7-5 on page 7-2dhows a typical phase noise curve for a microwave
source.

!;Ei MicroSRC.pnm - HP ES500 Phase Moise Measurement Subsystem
File Edit “iew Define Measure Analyze System Help

0|w|d| 8|3 Oi%|o| x|E| 4 = o] & ¥
Microwave source (12 GHz) vs 8644B DCFM
HPESSO0 Comier 12E49Hz o 24Tul1997 16:17:54- 162043

L{f) [dBe/Hz] vs f [Hz]

A new measurement has been loaded into the server. |LoCaL [IoLE o

Figure 7-23  Typical Phase Noise Curve for an Microwave Source.
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Table 7-20 Parameter Data for the Microwave Source Measurement

« Carrier Source

* Downconverter

« Reference Source
« Timebase

¢ Phase Detector

¢ Test Set Tune Voltage
Destination

¢ VCO Tune Mode

Step Parameters Data
1 Type and Range Tab
Measurement Type Absolute Phase Noise (using a phase locked loop)
» Start Frequency 10 Hz
* Stop Frequency 4E+6Hz
¢ Minimum Number of Averages 4
FFT Quality Fast
2 Sources Tab
Carrier Source
e Frequency 12E+9Hz
* Power 10 dBm
« Carrier Source Output is Test Set
connected to:
Detector Input 600 E +6 Hz
* Frequency
Reference Source 600 E +6 Hz (same as Carrier Source Frequency)
* Frequency 16 dBm
« Reference Source Power
VCO Tuning Parameters 40 E +3 Hz/V
» Nominal Tune Constant +/- 10 Volts
¢ Tune Range +/- 0 Volts
¢ Center Voltage 600 ohms
¢ Input Resistance
3 Cal Tab
* Phase Detector Constant Measure Phase Detector Constant
¢ VCO Tune Constant Calculate from expected VCO Tune Constant
« Phase Lock Loop Suppression Verify calculated phase locked loop suppression
« If Limit is exceeded Show Suppression Graph
4 Block Diagram Tab

Manual

Agilent/HP 70422A

Agilent/HP 8644B (System Control)
None

Automatic Detector Selection
Reference Source

DCFM
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Table 7-20 Parameter Data for the Microwave Source Measurement

Step Parameters Data
5 Test Set Tab
Input Attenuation 0dB
LNA Low Pass Filter 20 MHz (Auto checked)
¢ LNA Gain Auto Gain (Minimum Auto Gain - 14 dB)
« DC Block Not checked
¢ PLL Integrator Attenuation 0dBm
6 Downconverter Tab
Input Frequency 12E+9
L.O. Frequency Auto
I.F. Frequency (Calculated by software)
Millimeter Frequency 0
L.O. Power 20 dBM
Maximum AM Detector Level 0dBm
Input Attenuation 0dB
I.F. Gain 0dB
« Auto Checked
Microwave/Millimeter Band Microwave (0 - 26.5 GHz)
Millimeter Band Mixer Bias
« Enable Unchecked
e Current 0mA
Reference Chain
* Reference 10 MHz
¢ External Tune Enable Unchecked
Tuning Sensitivity 0 ppm/v
¢ Nominal 0 ppm/V
¢ 100 MHz PLL Bandwidth 126 Hz
¢ 600 MHz PLL Bandwidth 10000 Hz
7 Graph Tab
« Title Microwave Source (12 GHz) vs. Agilent/HP 8644B

* Graph Type

¢ X Scale Minimum

¢ X Scale Maximum

¢ Y Scale Minimum

¢ Y Scale Maximum

* Normalize trace data to a:

¢ Scale trace data to a new
carrier frequency of:

¢ Shift trace data DOWN by:
¢ Trace Smoothing Amount

« Power present at input of DUT

using EFC

Single-sideband Noise (dBc/Hz)

10 Hz

4E+6Hz

0 dBc/Hz

- 170 dBc/Hz

1 Hz bandwidth

1 times the current carrier frequency

0dB
0
0dB
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Residual Measurement Fundamentals

What You'll Find in This Chapter

® What is Residual Noise?page 8-2

® Basic Assumptions Regarding Residual Phase Noise Measurements
page 8-4

® (Calibrating the Measurement, page 8-6

® The Calibration Options, page 8-9
o Measured +/- DC Peak Voltagepage 8-13
o Measured Beatnote page 8-16

o Synthesized Residual Measurement using Beatnote Cal
page 8-19

o Double-Sided Spur page 8-21
o Single-Sided Spur page 8-24

® Measurement Difficulties, page 8-28
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Residual Measurement Fundamentals
What is Residual Noise?

The Noise Mechanisms

SOURCE

What is Residual Noise?

Residual or two-port noise is the noise added to a signal when the signal is
processed by a two-port device. Such devices include: amplifiers, dividers,
filters, mixers, multipliers, phase-locked loop synthesizers or any other
two-port electronic networks. Residual noise is composed of both AM and
FM components.

Residual noise is the sum of two basic noise mechanisms:

Additive noise

Additive noise is the noise generated by the two-port device at or near the
signal frequency which adds in a linear fashion to the signal.

UNIT
UNDER TEST

S

NOISELESS
SOURCE

RF NOISE ADDED
f TO THE SIGNAL

ANANINAAN A

RF NOISE AROUND
THE SIGNAL FREQUENCY

Figure 8-1 Additive Noise Components

Multiplicative noise

This noise has two known causes. The first, is an intrinsic, direct, phase
modulation with a 1/f spectral density and the exact origin of this noise
component is unknown. The second, in the case of amplifiers or multipliers,
is noise which may modulate an RF signal by the multiplication of baseband
noise with the signal. This mixing is due to any non-linearities in the
two-port network. The baseband noise may be produced by the active
device(s) of the internal network, or may come from low-frequency noise on
the signal or power supply.
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UNIT
UNDER TEST

SOURCE

—

X

>

NOISELESS
SOURCE

BASE BAND NOISE
MIXED AROUND
THE SIGNAL

L

BASE BAND
NOISE

Figure 8-2 Multiplicative Noise Components
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SOURCE

f PHASE
DETECTOR e BASE BAND
| /®/ ANALYSIS
‘ POWER

Basic Assumptions Regarding Residual Phase

Noise Measurements

The following are some basic assumptions regarding Residual Phase Noise
measurements. If these assumptions are not valid they will affect the
measured results.

The source noise in each of the two phase detector paths is correlated at
the phase detector for the frequency offset range of interest. When the
source noise is correlated at the phase detector, the source phase noise
cancels, leaving only the residual phase noise of the UUT.

Source AM noise is comparatively small. A typical mixer-type phase
detector only has about 20 to 30 dB of AM noise rejection. If the AM
component of the signal is greater than 20 to 30 dB above the residual
phase noise, it will contribute to the residual phase noise measurement
and show the residual phase noise as being greater than it really is.

The UUT does not exhibit a bandpass filter function. A bandpass filter
type response will cause the source noise to be decorrelated at the edge
of the filter. This decorrelation of the noise causes the system to measure
the source noise level directly at offsets beyond the filter bandwidth.

Given these assumptions, when the unit-under-test (UUT) is connected to
either of the two inputs of the Phase Detector, all of the source noise will
cancel and only the residual noise of the UUT will be measured.

UNIT

= UNDER
TEST

SPLITTER

Figure 8-3 Setup for Typical Residual Phase Noise Measurement

Frequency Translation
Devices

If the UUT is a frequency translating device (such as a divider, multiplier, or
mixer), then one UUT must be put in each path. The result will be the sum of
the noise from each UUT. In other words, each UUT is at least as quiet as
the measured result.

8-4 Agilent Technologies E5500 Phase Noise Measurement System



Residual Measurement Fundamentals
Basic Assumptions Regarding Residual Phase Noise Measurements

If the UUT’s are identical, a possible (but not recommended) assumption is
that the noise of each UUT is half the measured result, or 3 dB less. All that
really can be concluded is that the noise level of one of the UUT’s is at least
3 dB lower than the measured result at any particular offset frequency.

If a more precise determination is required at any particular offset frequency,
a third UUT must also be measured against the other two UUT’s. The data

from each of the three measurements can then be processed by the phase
noise software to give the noise of each of the individual UUT'’s.

UNIT

e UNDER
TEST

SOURCE

J PHASE
DETECTOR /@’ ] BASE BAND
ANALYSIS

POWER
SPLITTER

UNIT

! UNDER
TEST

Figure 8-4 Measurement Setup for Two Similar UUTs
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Calibrating the Measurement

Calibration and
Measurement
Guidelines

SOURGE

Calibrating the Measurement

In the Agilent E5500 Phase Noise Measurement System, residual phase
noise measurements are made by selecting Residual Phase Noise (without
using a phase locked loop).

There are five calibration methods available for use when making residual
phase noise measurements. They are:

User Entry of Phase Detector Constant
Measured £DC Peak

Beatnote

Double-SidedprM Spur

Single-Sided Spur

The method used will mainly be determined by the sources and equipment
available to you.

When calibrating the system for measurements, remember that the
calibration is only as accurate as the data input to the system software.

OPTIONAL LINE

STRETCHER '— _——
' R

o
| ‘ PHASE
DETECTOR
|
S ;: e Nl
]
L _ —

Figure 8-5 General Equipment Setup for Making Residual Phase Noise

Measurements

The following general guidelines should be considered when setting up and
making a residual two-port phase noise measurement.

1. For residual phase noise measurements, the source noise must be
correlated.

a. The phase delay difference in the paths between the power splitter
and the phase detector must be kept to a minimum when making
residual noise measurements. In other words, by keeping the cables
between the phase detector and power splitter shaiitl be small.
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The attenuation of the source noise is a function of the carrier offset
frequency, and the delay tinge) and is equal to:

Attenuation (dB) = 20log | 2sin(nt x f x1)

Where :
1 = carrier offset frequency
n =3.14159

T =time delay (sec.)

b. The source should also have a good broadband phase noise floor
because at sufficiently large carrier offsets it will tend to decorrelate
when measuring components with large delaysf At 1 , source
noise is rejected completely. the first null in noise can be used to
determine the delay difference. At = 1 , source noise shows
up unattenuated. At lower offsets, soawe noise is attenuated at
20 dB per decade rate at.1 ot , source noise is attenuated 20 dB.
Examples of sources whict%[ést meet these requirements are the
Agilent/HP 8644B and Agilent/HP 8642A/B.

The source used for making residual phase noise measurements must be low
in AM noise because source AM noise can cause AMoconversion in
the UUT

Mixer-type phase detectors only provide about 20 to 30 dB of rejection to
AM noise in a®dM noise measurement so the AM noise can appear in the
phase noise plot

2. ltisvery important that all components in the test setup be well shielded
from RFI. Unwanted RF coupling between components will make a
measurement setup very vulnerable to external electric fields around it.
The result may well be a setup going out of quadrature simply by people
moving around in the test setup area and altering surrounding electric
fields. A loss of quadrature stops the measurement.

3. When making low-level measurements, the best results will be obtained
from uncluttered setups. Soft foam rubber is very useful for isolating the
UUT and other phase-sensitive components from mechanically-induced
phase noise. The mechanical shock of bumping the test set or kicking
the table will often knock a sensitive residual phase noise measurement
out of quadrature.
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4. When making an extremely sensitive measurement it is essential to use
semi-rigid cable between the components. The bending of a flexible
cable from vibrations and temperature variations in the room can cause
enough phase noise in flexible connecting cables to destroy the accuracy
of a sensitive measurement. The connectors also must be tight; a torque
wrench is the best tool.

5. When measuring a low-noise device, it is important that the source and
any amplification, required to achieve the proper power at the phase
detector, be placed before the splitter so it will be correlated out of the
measurement. In cases where this is not possible; remember that any
noise source, such as an amplifier, placed after the splitter in either
phase detector path, will contribute to the measured noise.

6. An amplifier must be used in cases where the signal level out of the
UUT is too small to drive the phase detector, or the drive level is
inadequate to provide a low enough system noise floor. In this case the
amplifier should have the following characteristics:

a. It should have the lowest possible noise figure, and the greatest
possible dynamic range.

b. The signal level must be kept as high as possible at all points in the
setup to minimize degradation from the thermal noise floor.

c. Itshould have only enough gain to provide the required signal
levels. Excess gain leads to amplifiers operating in gain
compression, making them very vulnerable to multiplicative noise
problems. The non-linearity of the active device produces mixing
which multiplies the baseband noise of the active device and power
supply noise around the carrier.

d. The amplifier's sensitivity to power supply noise and the power
supply noise itself must both be minimized.
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User Entry of Phase
Detector Constant

The Calibration Options

There are five calibration methods that to choose from for calibrating a
two-port measurement. The procedure for each method is provided on the
following pages. The advantages and disadvantages of each method are also
provided to help you select the best method for your application. The

primary considerations for selecting a calibration method are:

® Measurement Accuracy
¢ Equipment Availability

This calibration option requires that you know the phase detector constant

for the specific measurement to be made. The phase detector constant can be
estimated from the source power levels (or a monitor oscilloscope) or it can
be determined using one of the other calibration methods.

Once determined, the phase detector constant can be entered directly into the
system software without going through a calibration sequence. Remember,
however, that the phase detector constant is unique to a particular set of
sources, the RF level into the phase detector and the test configuration.

Advantages:

Easy method for calibrating the measurement system.
Requires little additional equipment: only an RF power meter to
manually measure the drive levels into the phase detector or monitor
oscilloscope.

® Fastest method of calibration. If the same power levels are always at the
phase detector, (as in the case of leveled outputs), the phase detector
sensitivity will always be essentially the same (within a dB or two). If
this accuracy is adequate, it is not necessary to recalibrate.

® Only one RF source is required.

® Super-quick method of estimating the phase detector constant and noise
floor to verify other calibration methods and check available dynamic
range.

Disadvantages:

® The user entry of the phase detector constant is the least accurate of all
the calibration methods.

® |t does not take into account the amount of power at harmonics of the
signal.
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Procedure

1. Connect circuit as péfigure 8-6 and tighten all connections.

HP 70420A
Power Meter o — — ——
or 1
Optional Line Spectrum !
Stretcher Analyzer i

A

Power Signal Input
Splitter > @' >—| Phase

Source |_| Detector
Q<1 %

newd1.cdr

'

o o o o — — — e el

. Ref Input

Figure 8-6 Measuring Power at Phase Detector Signal Input Port

2. Measure the power level that will be applied to the signal input of the
Agilent/HP 70420A's Phase Detector. The following chart shows the
acceptable amplitude ranges for the Agilent/HP 70420A Phase
Detectors.

Table 8-1 Acceptable Amplitude Ranges for the Phase Detectors

Phase Detector

50 kHz to 1.6 GHz 1.21026.5 GHz !
Ref Input (L Port) Signal Input (R Ref Input (L Port) Signal Input (R
Port) Port)
+ 15 dBm 0 dBm + 7 dBm 0 dBm
to to to to
+ 23 dBm + 23 dBm + 10 dBm +5dBm

1. Agilent/HP 70420A Phase Noise Test Set Options 001 and 201

3. Locate the power level you measured on the left side of the Phase
Detector Sensitivity GraphH{gure 8-7 on page 8-JINow move across
the graph at the measured level and find the corresponding Phase
Detector constant along the right edge of the graph. This is the value you
will enter as the Current Detector Constant when you define your
measurement. (Note that the approximate measurement noise floor
provided by the Signal Input port level is shown across the bottom of the

graph.)
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Figure 8-7 Phase Detector Sensitivity

4.

Remove the power meter and reconnect the cable from the splitter to the
Signal Input port.

If you are not certain that the power level at the Reference Input port is
within the range shown in the preceding graph, measure the level using
the setup shown ifigure 8-8 on page 8-12

Remove the power meter and reconnect the cable from the splitter to the
Signal Input port.

After you complete the measurement set up procedures and begin
running the measurement, the computer will prompt you to adjust for
guadrature. Adjust the phase difference at the phase detector to 90
degrees (quadrature) by either adjusting the test frequency or by
adjusting an optional variable phase shifter or line stretcher. Quadrature
is attained when the meter is set to center scale, zero.
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NOTE For the system to accept the adjustment to quadrature, the meter must be
within £2 mV to +4 mV.

8. Once you have attained quadrature, you are ready to proceed with the

Refinput

measurement.

HP 70420A
:_II_II_II_II1.
Optional Line ! 1
Stretcher i !
Power Signal Input I
Splitter > @' Phase !
Source | Detector 3
| 1 Power Meter or ! I
I Spectrum . @ > .
Analyzer ! I
I—l ———— . | i
J

]
newds3.cdr e —

Figure 8-8 Measuring Power at Phase Detector Reference Input Port
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Measured +/- DC Peak Advantages:

Voltage

Easy method for calibrating the measurement system.

This calibration technique can be performed using the baseband
analyzer.

Fastest method of calibration. If, for example, the same power levels are
always at the phase detector, as in the case of leveled, or limited outputs,
the phase detector sensitivity will always be essentially equivalent
(within one or two dB). Recalibration becomes unnecessary if this
accuracy is adequate.

Only one RF source is required.

Measures the phase detector gain in the actual measurement
configuration. This technique requires you to adjust off of quadrature to
both the positive and the negative peak output of the Phase Detector.
This is done by either adjusting the phase shifter or the frequency of the
source. An oscilloscope or voltmeter can optionally be used for setting
the positive and negative peaks.

Disadvantages:

Has only moderate accuracy compared to the other calibration methods.
Does not take into account the amount of phase detector harmonic
distortion relative to the measured phase detector gain, hence the phase
detector must operate in its linear region.

Requires manual adjustments to the source and/or phase shifter to find
the phase detector’s positive and negative output peaks. The system will
read the value of the positive and negative peak and automatically
calculate the mean of the peak voltages which is the phase detector
constant used by the system.

Procedure

1. Connect circuit as péfigure 8-9 on page 8-14nd tighten all

connections.

Measure the power level that will be applied to the Signal Input port of
the Agilent/HP 70420A's Phase Detector. The following chart shows the
acceptable amplitude ranges for the Agilent/HP 70420A Phase
Detectors.

Agilent Technologies E5500 Phase Noise Measurement System 8-13



Residual Measurement Fundamentals
The Calibration Options

Table 8-2 Acceptable Amplitude Ranges for the Phase Detectors

Phase Detector

50 kHz to 1.6 GHz 1.2t026.5 GHz 1
Ref Input (L Port) Signal Input (R Ref Input (L Port) Signal Input (R
Port) Port)
+ 15 dBm 0dBm + 7 dBm 0dBm
to to to to
+ 23 dBm + 23 dBm + 10 dBm + 5 dBm

1. Agilent/HP 70420A Phase Noise Test Set Options 001 and 201

HP 70420A

:—ll—ll—ll—ll—llq

Optional Line !
Stretcher .
Signal

Power Input  Phase
Splitter > —9>—| Detector

O iEHE

| Low-Pass |
Ref Input Filter :
OSCi”OSCOpe III_II_II_II_II_III

Connect Scope to Monitor Output

newd2.cdr

Figure 8-9 Connection to Optional Oscilloscope for Determining Voltage Peaks

3. Adjust the phase difference at the phase detector as prompted by the
phase noise software.

4. The system will measure the positive and negative peak voltage of the
phase detector using an internal voltmeter. The quadrature meter digital
display can be used to find the peak. The phase may be adjusted either
by varying the frequency of the source or by adjusting a variable phase
shifter or line stretcher.

NOTE Connecting an oscilloscope to the MONITOR port is recommended because
the signal can then be viewed to give visual confidence in the signal being
measured. As an example, noise could affect a voltmeter reading, whereas,
on the oscilloscope any noise can be viewed and the signal corrected to
minimize the noise before making the reading.
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The system software will then calculate the phase detector constant
automatically using the following algorithm:

(H et ) = (F o)
2

Phase Detector Constant —

The system software will then prompt you to set the phase noise
software’s meter to quadrature.

The system will now measure the noise data.
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Measured Beatnote This calibration option requires that one of the input frequency sources be
tunable such that a beatnote can be acquired from the two sources. For the
system to calibrate, the beatnote frequency must be within the following

ranges.
Table 8-3 Beatnote Frequency Ranges

Carrier Frequency 2???6 Frequency
<500 kHz 10 Hz to 10 kHz
<5 MHz 10 Hz to 100 kHz
<50 MHz 10 Hz to 1 MHz
<250 MHz 10 Hz to 10 MHz
>250 MHz 10 Hz to 50 MHz
or 1/2 the frequency range of the configured analyzer, or
whichever is lower.

Advantages:

¢ Simple method of calibration.

Disadvantages:

® Itrequires two RF sources, separated by .1 Hz to 50 MHz at the phase
detector. The calibration source output power must be manually adjusted
to the same level as the power splitter output it replaces (requires a
power meter).
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Refinput

Procedure 1. Connect circuit as peéfigure 8-10 on page 8-1@nd tighten all
connections.
HP 70420A
:_II_II_II_II1.
Optional Line ! 1
Stretcher i !
Power Signal Input i
Splitter > @' Phase |
Source | Detector 3
| 1 Power Meter or ! I
I Spectrum . @ > .
Analyzer ! |
I—l —_————— . | i
]

newd3.cdr — — — . —

Figure 8-10 Measuring Power from Splitter

2. Measure the power level that will be applied to the Signal Input port of
the Agilent/HP 70420A's Phase Detector. The following chart shows the
acceptable amplitude ranges for the Agilent/HP 70420A Phase
Detectors.

Table 8-4 Acceptable Amplitude Ranges for the Phase Detectors

Phase Detector

50 kHz to 1.6 GHz 1.2t026.5GHz !
Ref Input (L Port) Signal Input (R Ref Input (L Port) Signal Input (R
Port) Port)
+ 15 dBm 0dBm + 7 dBm 0dBm
to to to to
+ 23 dBm + 23 dBm + 10 dBm + 5 dBm

1. Agilent/HP 70420A Phase Noise Test Set Options 001 and 201

3. Measure the output power at the side of the power splitter where the
calibration source will be substituted, then terminate in 50 ohms.

4. Adjust the calibration source to the same output power as the measured
output power of the power splitter.

5. Adjust the output frequency such that the beatnote frequency is within
the range of the analyzers being used.

6. The system can now measure the calibration constant.

~N

Disconnect the calibration source and reconnect the power splitter.
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8. Adjust the phase difference at the phase detector to 90 degrees
(quadrature) either by adjusting the test frequency or by adjusting an
optional variable phase shifter or line stretcher. Quadrature is achieved
when the meter on the front panel of the phase noise interface is set to
zero.

NOTE For the system to accept the adjustment to quadrature, the meter must be
within £2 mV to +4 mV.

9. Reset quadrature and measure phase noise data.

HP 70420A
Optional Line !
Stretcher i
Power Signal Input
Splitter > @1 3N Phase
| Detector

Source
| RF
| Calibration @ .
I Source
.| 502 NN |
Load @ /./ Ref Input

|

- — — —— — ]

newd4.cdr

Figure 8-11 Calibration Source Beatnote Injection
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Synthesized Residual  This calibration option requires two synthesizers of which one must be
Measurement using tunable such that a beatnote can be acquired. For the system to calibrate, the

beatnote frequency must be within the following ranges.
Beatnote Cal a y grang

Table 8-5 Beatnote Frequency Ranges

Carrier Frequency Beatnote Frequency

Range
<500 kHz 10 Hz to 10 kHz
<5 MHz 10 Hz to 100 kHz
<50 MHz 10 Hz to 1 MHz
<250 MHz 10 Hz to 10 MHz
>250 MHz 10 Hz to 50 MHz

or 1/2 the frequency range of the configured analyzer, or
whichever is lower.

Procedure 1. Connect circuit as péfigure 8-12 on page 8-1and tighten all
connections.
HP 70420A
._II_II_II_IIq
. |
Synthesizer1 H
— | e Input
- N
0° Power Phase
Source Splitter Detector

D

I
L —

Optional Line
Synthesizer2 Stretcher

_————a
- g NN
red
_ Signal Input

o S —  —  — — N — . — O — —

5500d37.cdr

Figure 8-12 Synthesized Residual Measurement using Beatnote Cal

2. Offset the carrier frequency of one synthesizer to produce a beatnote for
cal.
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3. After the phase noise system reads the beatnote, set the software to the
same carrier frequency.

4. Adjust the phase difference at the phase detector to 90 degrees
(quadrature) either by adjusting the synthesizer or by adjusting an
optional variable phase shifter or line stretcher. Quadrature is achieved
when the meter on the front panel of the phase noise interface is set to
zero.
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NOTE

NOTE
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The Calibration Options

This calibration option has the following requirements:

® One of the input frequency sources must be capable of being phase
modulated.

® The resultant sideband spurs from the phase modulation must have
amplitudes that are —100 dB and —20 dB relative to the carrier
amplitude.

® The offset frequency or modulation frequency must be between 10 Hz
and maximum (See tH#easured Beatnotetechnique orpage 8-1%

Advantages:

Requires only one RF source
® (Calibration is done under actual measurement conditions so all
non-linearities and harmonics of the phase detector are calibrated out.

Because the calibration is performed under actual measurement conditions,
the Double-sided Spur Method and the Single-sided Spur Method are the
two most accurate calibration methods.

Disadvantages:

® Requires a phase modulator which operates at the desired carrier
frequency.
Requires audio calibration source.
Requires RF spectrum analyzer for manual measuremesn of
sidebands or preferably a modulation analyzer.

Most phase modulators are typically narrow-band devices; therefore, a wide
range of test frequencies may require multiple phase modulators.
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Procedure

1. Connect circuit as péfigure 8-13 on page 8-22nd tighten all

connections.
HP 70420A
Optional Line !
Stretcher i
Power Signal Input
Splitter > @' Phase
Source | Detector

Phase @ .
I Modulator

-10dB o ® Ref Input

Attenuator Y E

50 Q2 /%
Load newd5.cdr

Figure 8-13 Calibration Setup

1.
|
|
|
|
|
i

2. Measure the power level that will be applied to the Signal Input port of
the Agilent/HP 70420A's Phase Detector. The following chart shows the
acceptable amplitude ranges for the Agilent/HP 70420A Phase
Detectors.

Table 8-6 Acceptable Amplitude Ranges for the Phase Detectors

Phase Detector

50 kHz to 1.6 GHz 1.2t026.5 GHz !
Ref Input (L Port) Signal Input (R Ref Input (L Port) Signal Input (R
Port) Port)
+ 15 dBm 0dBm + 7 dBm 0dBm
to to to to
+ 23 dBm + 23 dBm + 10 dBm + 5 dBm

1. Agilent/HP 70420A Phase Noise Test Set Options 001 and 201

3. Using the RF spectrum analyzer or modulation analyzer, measure the
carrier-to-sideband ratio of the phase modulation at the phase detector’s
modulated port and the modulation frequency. The audio calibration
source should be adjusted such that the sidebands are between —30 and
—60 dB below the carrier and the audio frequency is between 50 Hz and
50 MHz.
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Figure 8-14 Measuring Carrier-to-sideband Ratio of the Modulated Port

4.

Measure the carrier-to-sideband ratio of the non-modulated side of the
phase detector. It must be at least 20 dB less than the modulation level of
the modulated port. This level is necessary to prevent cancellation of the
modulation in the phase detector. Cancellation would result in a smaller
phase detector constant, or a measured noise level that is worse than the
actual performance. The modulation level is set by the port-to-port
isolation of the power splitter and the isolation of the phase modulator.
This isolation can be improved at the expense of signal level by adding
an attenuator between the phase modulator and the power splitter.

Connect the phase detector.

Adjust the phase difference at the phase detector to 90 degrees
(quadrature) either by adjusting the test frequency or by adjusting an
optional variable phase shifter or line stretcher. Quadrature is achieved
when the meter in the phase noise software is set to center scale

(2 mV).

NOTE For the system to accept the adjustment to quadrature, the meter must be
within £2 mV to +4 mV.

Set the Type of Measurement to Phase Noise Without Using a PLL.

Set the Calibration Technique to Derive From Double-sided Spur and
enter the sideband amplitude and offset frequency.

Select New Measurement.
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10. Check quadrature and measure the phase detector constant by pressing
Y to proceed.

11. Remove audio source.

12. Reset quadrature and measure phase noise data.

Single-Sided Spur This calibration option has the following requirements:

A third source to generate a single sided spur.

An external power combiner (or directional coupler) to add the

calibration spur to the frequency carrier under test. The calibration spur

must have an amplitude —100 dB and —20 dB relative to the carrier

amplitude. The offset frequency of the spur must be 20 Hz and 20 MHz.
® A spectrum analyzer or other means to measure the single sided spur

relative to the carrier signal.

You will find that the equipment setup for this calibration option is similar to
the others except that an additional source and a power splitter have been
added so that the spur can be summed with the input carrier frequency.

Advantages:

Calibration is done under actual measurement conditions so all
non-linearities and harmonics of the phase detector are calibrated out.

NOTE The Single-sided Spur Method and the Double-sided Spur Method (Option
4) are the two most accurate methods.

Broadband couplers with good directivity are available, at reasonable cost,
to couple in the calibration spur.

Disadvantages:

Requires a second RF sources that can be set between 10 Hz and up to
50 MHz (depending on the baseband analyzer used) from the carrier source
frequency.

Requires an RF spectrum analyzer for manual measurement of the
signal-to-spur ratio and the spur offset frequency.
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Procedure

1. Connect circuit as péfigure 8-15 on page 8-2and tighten all
connections. Note that the input signal into the directional coupler is
being supplied to the coupler’s output port.

HP 70420A
:_II_II_II_II1.
Optional Line ! i
Stretcher i !
Power Signal Input Ph i
Splitter > S Z ; N ase |
Source Ip_l I | Detector i
| 20 dB RFASpiactrum I @ > i
Coupler . nalyzer = H
L — output “OUPE input e & | i
P —
i i -10dB > > Ref Input H
Caélsbratlon Attenuator l :>.<:§| H 1
Curce -
Coupler
Port -40 dBe

newdg.cdr

100 kHz
Figure 8-15 Calibration Setup

2. Measure the power level that will be applied to the Signal Input port of
the Agilent/HP 70420A's Phase Detector. The following chart shows the
acceptable amplitude ranges for the Agilent/HP 70420A Phase
Detectors.

Table 8-7 Acceptable Amplitude Ranges for the Phase Detectors

Phase Detector

50 kHz to 1.6 GHz 1.21026.5 GHz 1

Ref Input (L Port) Signal Input (R Ref Input (L Port) Signal Input (R

Port) Port)
+ 15 dBm 0 dBm + 7 dBm 0 dBm
to to to to
+ 23 dBm + 23 dBm + 10 dBm +5dBm

1. Agilent/HP 70420A Phase Noise Test Set Options 001 and 201
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3. Measure the carrier-to-single-sided-spur ratio out of the coupler at the
phase detector’'s modulated port and the offset frequency with the RF
spectrum analyzer. The RF calibration source should be adjusted such
that the sidebands are between —30 and —60 dB below the carrier and the
frequency offset of the spur between 10 Hz and 50 MHz.

HP 70420A
:_II_II_II_II1.
Optional Line ! i
Stretcher i !
Power Signal Input i
Splitter > @1 Phase 1
Source I_I I Detector i
| -20 dB | @ —
I—' output Coupler input = | i
i i -10dB > Ref Input H
Calibration Attenuator l }>'<:§ . i
SOurCe IR F TR F R RY NN
{ Coupler
f\} Port
newd8.cdr

Figure 8-16 Carrier-to-spur Ratio of Modulated Signal

4. Measure the carrier-to-spur ratio of the non-modulated side of the phase
detector. It must be at least 20 dB less than the spur ratio of the
modulated port. This level is necessary to prevent cancellation of the
modulation in the phase detector. Cancellation would result in a smaller
phase detector constant, or a measured noise level that is worse than the
actual performance. The isolation level is set by the port-to-port
isolation of the power splitter and the isolation of the —20 dB coupler.
This isolation can be improved at the expense of signal level by adding
an attenuator between the coupler and the power splitter.
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Figure 8-17 Carrier-to-spur Ratio of Non-modulated Signal
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5. Connect the phase detector.

6. Adjust the phase difference at the phase detector to 90 degrees
(quadrature) either by adjusting the test frequency or by adjusting an
optional variable phase shifter or line stretcher. Quadrature is achieved
when the meter on the front panel of the Agilent/HP 70420A is set to
center scale.

NOTE For the system to accept the adjustment to quadrature, the meter must be
within £2 mV to +4 mV.

7. Enter sideband level and offset.
8. Check quadrature and measure the phase detector constant.
9. Remove audio source.

10. Reset quadrature and measure phase noise data.
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NOTE

System Connections

Measurement Difficulties

Chapter 6, Evaluating Results, contains troubleshooting information to be
used after the measurement has been made, and a plot has been obtained.

When making phase noise measurements it is important to keep your
equipment connected until the measurements have been made, all problems
corrected, and the results have been evaluated to make sure that the
measurement is valid. If the equipment is disconnected before the results
have been fully evaluated, it may be difficult to troubleshoot the
measurement.

The first thing to check if problems occur is the instrument connections and
settings as this is the most common error. It is also important to make sure
the levels are correct into the Agilent/HP 70420A Phase Detector Inputs.
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CAUTION

Residual Measurement Examples

What You'll Find in This Chapter

* Amplifier Measurement Example, page 9-2
(res_noise_1ghz_demoamp.pnm)

To prevent damage to the Agilent/HP 70420A test set’s hardware
components, the input signadust notbe applied to the signal input
connector until the input attenuator has been correctly set for the desired
configuration, as show ifiable 9-2 on page 9-&pply the input signal
when theConnection Diagramappears.

Agilent Technologies E5500 Phase Noise Measurement System 9-1
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Amplifier Measurement Example

CAUTION

Required Equipment

NOTE

Amplifier Measurement Example

This example contains information about measuring the residual noise of
two port devices

This example demostrates a residual phase noise measurement for an RF
Amplifier. Refer toChapter 8, “Residual Measurement Fundamentais”
more information about residual phase noise measurements.

To prevent damage to the Agilent/HP 70420A test set’s hardware
components, the input signadust notbe applied to the signal input
connector until the input attenuator has been correctly set for the desired
configuration, as show ifiable 9-2 on page 9-&pply the input signal

when theConnection Diagramappears.

The following equipment is required for this example in addition the phase
noise test system and your unit-under-test (UUT).

To ensure accurate measurements, you should allow the UUT and
measurement equipment to warm up at least one hour before making the
noise measurement.

Table 9-1 Required Equipment for the
Residual Measurement using the
Agilent/HP 70420A Measurement

Example
Equipment Quantity Comments
RF Amplifier 1
Stimulus Source 1 Frequency of amplitude under test
Power Splitter 1 NARDA 30183
Coax Cables And adequate adapters to connect

the UUT and reference source to
the test set.
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The setup for a residual phase noise measurement uses a phase shifter to set
guadrature at the phase detector.

HP 70420A
:_II_II_II_II_II1
Device | |
Under Test - .
Signal -
Power Input  Phase I
Splitter > I >— Detect .
Source Ip_l I erector I
<: ) > < Optional Line = @ > )
I I Stretcher ! 1 .
5 :: | Low-Pass I
g ‘ Ref Input Filter .
Osci”oscope I--—--—--—--—--—--I

Connect Scope to Monitor Output

Newd2a.cdr

Defining the 1. From theFile menu, choos®©pen.
Measurement

Edit View Define Meas

Cirl+M
Enh... Cirl+0

Save Chil+5

Save fz...

Ex=port Results 3

Frint... Chil+F
Frint Prewview
Frint Setup...

Send...

1 Confidence. pnm

2 FreeRF.pnm

3 MicroSRC. pnm

4 Residual pnm

B RFSynth_EFC.pnm
E Moize_1.pnm

7 Moize_2 pnm

8 Moize_3.pnm

Exit

2. If necessary, choose the drive or directory where the file you want is
stored.

3. IntheFile Namebox, choosefes_noise_1ghz_demoamp.pnin
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Open 21=]
Lookjn: |53 HP E5500 =l =1
frn_dizcr ez_noize_1ghz_demoamp_86
frn_dizcr2 @ Fesidual_xdut_rfdet
FreeRF |#] RFSpnth_DCFM
HP_BE62_E3_EFC 8] StableRF
MeasFile @ voo_dss
MicroSRC @ wio_rkd
4 I

File name: Ires_noise_‘l ghz_demoamp_BE44b Open I
Files of lpe: IHP E&500 Measurement Files (% prm) j Cancel |

4. Click theOpenbutton.

The appropriate measurement definition parameters for this example
have been pre-stored in this filéable 9-4 on page 9-1lsts the
parameter data that has been entered for this residual phase noise
measurement example.)

5. From theDefine menu, choos®easurement then choose th&ype
and Rangetab from theDefine Measurementwindow.

a. From the Measurement Type pull-down, seResidual Phase
Noise (without using phase lock loop)

!;Ei res_noise_1ghz_demoamp_8644b - HP E5500 Phase Moise Measurement Subsystem [ |O] x|
File Edit “iew WM Measure Analyze Systerm Help
x| |

Limit Line.. | _|_|><_ 3' QI =

Security Level.. pual Phase Moise Measurement @ 1 GHz

T E =SSN H P E 5500 [ %]

---- Swept Segme tagLam TestSetI Graphl

Tvpe and Fange | Sew

hiout using & paase locked loop)

t Type to Measurement Type

- - — Offzet Frequency R ange

B0 -1
ST _| Start Offset I‘ID Hz Stop Offset |1DDE+B Hz
S0E------ -1 FFT Analyzer Minimum Mumber of Averages |4

'130_ """" B 1 —FFT GQuality Define Custom Segment Table

RV B 1K ot
-150p | & Nomal " Fast " High Resolution ¢ Custom FFT |

] A4 iy — Swept Quality
[Ty, A S |
 Naormal % Fast " High Resalution ¢ Custom Swept

Edit the current measurement param

|
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Residual Measurement Examples
Amplifier Measurement Example

6. Choose th&ourcestab from theDefine Measurementwindow.

a. Enter the carrier (center) frequency of your UUT. Enter the same
frequency for the detector input frequency.

HP E5500 [X]

Type and Range  Source | Cal I Block. Diagraml Test Setl Graph I

Fiesidual Phase Moige [without using a phaze locked loop)

— Carrier Source

Frequency I )2 Power I‘ID dBm

;;etector Input 2

Frequency |1 E+3 H

|

7. Choose th€al tab from theDefine Measurementwindow.

b. SelecDerive detector constant from measured +/- DC peak
voltageas the calibration method.

HP E5500 [X]

Type and Hangel Source  Cal | Block. Diagraml Test Setl Graph I

Fiesidual Phase Moige [without using a phaze locked loop)

~ Phase Detector Constant
' Use curent detector constant

& D

or constant from measure

' Denve detector constant from measured +/- DL peak volt}gé

" Derive detector constant from single - sided spur

Current Phase Detector Constant |4U1 BE-3 Yolts / Fad

— Konown Spur P.

Amplitude IU dBc
Qffset Frequency IU Hz

|
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Amplifier Measurement Example

8. Choose the Block Diagram tab from the Define Measurement window.
a. From thePhase Shifterpull-down, selecManual.

b. From thePhase Detectompull-down, selecAutomatic Detector
Selection

HF ES500 E
Type and Hangel Sourcel Cal Block Diagram | Test Setl Graph I

Fiesidual Phase Moige [without using a phaze locked loop)

IV DUT In Path
| |

Source efector
M
[manual] e —< IAutomatic Dretector Selection j

ifter |
El [wera) =] —{?ﬁ)ﬂ In Path ‘

Establizh Quadrature By adjusting the:
' phase shifter

' source frequency manually

Aszzet Manager |

Cloze | Help |

9. Choose th&raph tab from theDefine Measurementwindow.

a. Enter a graph description of your choice (E5500 Residual Phase
Noise Measurement @ 1 GHz, for example).

HP E5500 [X]

Type and R ange I Source I Cal I Block Diagram I TestSet  Graph |
Fiesidual phaze noize [without using a phase locked loop]

Titlet [HP ES500 Residual Phaze Moize Measurement @9 j

Graph Type Single-zideband phiaze noise  [dBo/Hz) j

4 Scale

Minirnurn |1U Hz  taximum |1UDE+B Hz Scale Graph To Data |

—* Scale for Single Sideband Phase Moise

b axinmum IU dBc / Hz

Minimum  |-180 dBc / Hz

Mommalize trace data to a |1 Hz bandwidth

Scale trace data to a new carier frequency of times the current carier frequency.

|1_
Shift trace data by ID dB

Trace Smoothing Amount ID 3.
Power present at input of DUT ID dBm Display Ereferencesl

|

10. When you have completed these operations, click the Close button.
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Setup Considerations

Beginning the
Measurement

Residual Measurement Examples
Amplifier Measurement Example

Connecting Cables

The best results will be obtained if semi-rigid coaxial cables are used to
connect the components used in the measurement; however, BNC cables
have been specified because they are more widely available. Using BNC
cables may degrade the close-in phase noise results and, while adequate for
this example, should not be used for an actual measurement on an unknown
device unless absolutely necessary.

Measurement Environment

The low noise floors typical of these devices may require that special
attention be given to the measurement environment. The following
precautions will help ensure reliable test results:

® Filtering on power supply lines
® Protection from microphonics
® Shielding from air currents may be necessary.

1. From theView menu, choos#leter to select the quadrature meter.

File Edit BHEEE Define  Measure Analyze  Systerm Help
Dlﬁ"ll v Toalbar hl 3| la = El ‘ \\
v Statuz Bar '\/;
Markers asurement @ 1 GHz 0.000
o A . 150 10350 - 103633 Vs
T = 1900
-10) Llear Graph ST
-20) Fiefrezh Graph .

Parameter Summary
Meazurement Definition
Spur List

FLL Suppreszion Graph
Instrument Connections
Meszage Log

Dizplay Preferences...

v Update Graph when Parameters are Changed

Show or hide the meter

1K 10K 100K 1M 100
Lify [dBc/Hz] ws { [ Hz]

1000

[ozAL  [IDLE 7
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CAUTION

Table 9-2

Residual Measurement Examples
Amplifier Measurement Example

2. From theMeasurementmenu, choos&lew Measurement

!;Ei Confidence_pnm - HP E5500 Phase Noize Measuremen
File Edit “iew Define

D|=|E| 2|

Analyze  Spsterm  Help

b nent
Bepeat Measurement
Abort Measurement
Fieal-Time Monitor

v Clear Graph before measurement
v Pauze at Connect Diagram

3. When the Perform Bew Calibration and Measurementdialog box
appears, clicloK.

HP E5500 [X]

& Perfarm a Mew Calibration and Measurement?

i Cancel |

4. When theConnect Diagramdialog box appears, click on the hardware
down arrow and select your hardware configuration from the pull-down
list.

Confirm your connections as shown in the connect diagram. At this time
connect your UUT and reference sources to the test set. The input
attenuator (Option 001 only) has now been correctly configured based
on your measurement definition.

The Agilent/HP 70420A Test Set’s signal input is subject to the following
limits and characteristics:

Agilent/HP 70420A Test Set Signal Input Limits and Characteristics

Limits

Frequency 50 kHz to 1.6 GHz (Std)
50 kHz to 26.5 GHz (Option 001)
50 kHz to 26.5 GHz (Option 201)

Maximum Signal Input Power Sum of the reference and signal input
power shall not exceed +23 dBm (+30
dBm for
Option 001)

At Attenuator Output, Operating Level

Range:

* RF Phase Detectors 0 to +23 dBm (Signal Input)

+15 to +23 dBm (Reference Input)
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Amplifier Measurement Example

Table 9-2  Agilent/HP 70420A Test Set Signal Input Limits and Characteristics

* Microwave Phase Detectors 0 to +5 dBm (Signal Input)
+7 to +10 dBm (Reference Input)

CAUTION:

To prevent damage to the Agilent/HP 70420A Test Set's hardware components,
the input signal must not be applied to the test set’s signal input connector until
the input attenuator (Option 001) has been correctly set by the phase noise
software, which will occur at the connection diagram.

Characteristics:

Input Impedance 50 ohm Nominal

HP E5500 Instrument Connections

Werify Connections
Jul 27,1997 16:36:40

DUT (Foeeles)
TUNE
IN  ouTPuT] V4 © ¢ ©
O N o O 0
oG- O
hardware:  [{xlail

— Control Panel

EFT &nalyzer Swept Saalizer | TestSet | Downconverter | Phasze Shifter |

[Earien Saumze | Eeference Sourcel Fiesidual Source | [Calibratian Sourcel Erequerncy Eounterl

— Tuning Yoltage

ID 3: - I‘ID -
Center Wolts  Range +/ WVolts ’WI Abort | el |

Figure 9-1 Setup diagram for the Agilent/HP 8349A Amplifier Measurement
Example.
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Residual Connect Diagram Example

CALIBRATION POWER sFl’_”'l:«TS:R
SOURCE SPLITTER
|{
I I_ DELAY LINE
DUT —
To HP 70420A HP 70001A MAINFRAME
Rear Panel HP 70420A/Std
Noise Source Input
10 (el e]
O | - 0‘
COMPUTER — i:} ,
L N =
—_— — Digitizer \
Output \
HP E4411A
= Digitizer SPECTRUM ANALYZER
Input - -
| (o = 5553
=]
= =EEE
=
/— E s cgon
AP-IB o
' . A o oEes o e

—-—

Making the
Measurement

resid2.cdr

Calibrate the Measurement using Measured +/- DC Peak Voltage

Refer toChapter 8, “Residual Measurement Fundamentalsinore
information about residual phase noise measurements calibration types.

Procedure

1. Connect circuit as péfigure 9-2 on page 9-1and tighten all
connections.

2. Measure the power level that will be applied to the Signal Input port of
the Agilent/HP 70420A's phase detector. The following chart shows the
acceptable amplitude ranges for the Agilent/HP 70420A phase detectors.
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Table 9-3 Acceptable Amplitude Ranges for the Phase Detectors

Phase Detector

50 kHz to 1.6 GHz 1.2t026.5 GHz 1
Ref Input (L Port) Signal Input (R Ref Input (L Port) Signal Input (R
Port) Port)
+ 15 dBm 0dBm + 7 dBm 0dBm
to to to to
+ 23 dBm + 23 dBm + 10 dBm + 5 dBm

1. Agilent/HP 70420A Phase Noise Test Set Options 001 and 201

HP 70420A
:_II_II_II_II_II1
Device | |
Under Test - .
Signal -
Power Input  Phase I
Splitter > D— Detector i

Source I_I
<: ) > < Optional Line @ >
I I Stretcher 1
X | Low-Pass
g‘ I Ref Input Filter

OSCi”OSCOpe ' —

Connect Scope to Monitor Output

Newd2a.cdr

Figure 9-2 Connection to Optional Oscilloscope for Determining Voltage Peaks
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NOTE Connecting an oscilloscope to the monitor port is recommended because the
signal can then be viewed to give visual confidence in the signal being
measured.

1. press th€ontinue key when ready to calibrate the measurement.

2. Adjust the phase difference at the phase detector as prompted by the
phase noise software.

!;Ei res_noise_1ghz_demoamp_8644b - HP E5500 Phase Moise Measurement Subsystem

File Edit “iew Define Measure Analyze System Help

D[=(|| sln < SlE|o| x| g o[> 5 ¥
HF E5500 Residual Phase Moise Measurement @ 1 GHz 0.000
ERESSD CorbrlEOHs 34 Aprloss 10350410363 Volts

L
=]
TTTTTITTTI T I I T I I T

1K 10K 100K 1M 10nd
Lify [dBc/Hz] ws { [ Hz]
For Help, press F1 [LocaL [IoLE i

1000

3. The system will measure the positive and negative peak voltage of the
phase detector using an internal voltmeter. The quadrature meter’s
digital display can be used to find the peak. The phase may be adjusted
either by varying the frequency of the source or by adjusting a variable
phase shifter or line stretcher.
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4. The system software will then prompt you to set the phase noise
software’s meter to quadrature by adjusting the phase shifter until the
meter indicates 0 volts, then press Continue.

!;Ei res_noise_1ghz_demoamp_8644b - HP E5500 Phase Moise Measurement Subsystem

File Edit “iew Define Measure Analyze System Help

Dlela] &ln) « ClEls] x|E| @ o[ &

%

HF E5500 Residual Phase Moise Measurement @ 1 GHz 0.000

HP ES500  Carjer: 1E+2 Hx
R Carlr: LRV Ho

24 Apr 1998 10:35:04 - 10:36:33 Walts

. a = 1000 \/
TthrTRTTTTTTTT = 0500

----- -- —0.200
= 0400

= 0.050

- 0.020 = 0500
—0.010
~ 0.005
— 0.000 E
—-0.005 Zo.s0

0 Volts

-0.020
—0.010
-0.050 — 0.005 (

= -0.010 |

~0.100 (—— 0.000

_______ Sy R——— 0200 - -0.005

Faor Help, press F1

1K 10K 100K 1M 100 1000 -0ED
Lify [dBc/Hz] ws { [ Hz]
[LOCAL  [IDLE 7

-1.000

When the
Measurement is
Complete

Wi
z = £
=1
=1

1
=
=
=1

IBRATING A

5. The system will now measure the noise data.

The system can now run the measurement. The segment data will be
displayed on the computer screen as the data is taken until all segments have
been taken over the entire range you specified in the Measurement
definition’s Type and Range.

When the measurement is complete, refeChapter 15, “Evaluating Your
Measurement Result$dr help in evaluating your measurement results.

Figure 9-3 on page 9-1ghows a typical phase noise curve for an RF
Amplifier.
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!;Ei Untitled - HP ES500 Phase Moise Measurement Subsystem

File Edit “iew Define Measure Analyze System Help

D|S(E| 8B « Ko 6] @ o] o 5| %

HF E5500 Residual Phase Moise Measurement @ 1 GHz

HP ES500  Carjer: 1E+9 Hx
R Cumbr 1B H

24 Apr 1008 10:35:04 - 10:36:33

100 1K

Faor Help, press F1

10K 100K 1M 100
Lify [dBc/Hz] ws { [ Hz]

[ozAL [IDLE 7

Figure 9-3 Typical Phase Noise Curve for a Residual Measurement.

Table 9-4 Parameter Data for the Amplifier Measurement Example

Step Parameters Data
1 Type and Range Tab
Measurement Type « Residual Phase Noise (without using a phase locked loop)
e 10Hz
» Start Frequency ¢ 100E+6Hz
¢ Stop Frequency e 4
¢ Minimum Number of Averages < Normal
FFT Quality e Fast
Swept Quality
2 Sources Tab
Carrier Source
¢ Frequency e 1E+9Hz
* Power ¢ 10dBm
Detector Input
e Frequency e 1E+9Hz
3 Cal Tab

Phase Detector Constant

¢ Current Phase Detector
Constant

Know Spur Parameters
« Amplitude
« Offset Frequency

« Derive detector constant from measured +/- DC peak
e 410.8 E-3

« 0dBc
¢ OHz
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Table 9-4 Parameter Data for the Amplifier Measurement Example

Step Parameters Data
4 Block Diagram Tab
¢ Carrier Source e Manual
* Phase Shifter ¢ Manual
¢ DUT in Path « checked
¢ Phase Detector ¢ Automatic Detector Selection
¢ Adjust the Quadrature by « phase shifter
adjusting the
5 Test Set Tab
Input Attenuation « 0dB
LNA Low Pass Filter ¢ 20 MHz (Auto checked)
¢ LNA Gain ¢ Auto Gain (Minimum Auto Gain - 14 dB)
« DC Block * Not checked
¢ PLL Integrator Attenuation ¢ 0dBm
6 Dowconverter Tab ¢ The downconverter parameters do not apply to this
measurement example.
7 Graph Tab
* Title « HP E5500 Residual Phase Noise Measurement @ 1 GHz.

¢ Graph Type

¢ X Scale Minimum

* X Scale Maximum

¢ Y Scale Minimum

¢ Y Scale Maximum

« Normalize trace data to a:

e Scale trace data to a new
carrier frequency of:

« Shift trace data DOWN by:

e Trace Smoothing Amount

« Power present at input of DUT

Single-sideband Noise (dBc/Hz)

10 Hz

100 E+6 Hz

0 dBc/Hz

- 180 dBc/Hz

1 Hz bandwidth

1 times the current carrier frequency

0dB
0
0dB
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10

FM Discriminator Fundamentals

What You'll Find in This Chapter

® The Frequency Discriminator Method, page 10-2
o Basic Theory, page 10-2
o The Discriminator Transfer Response page 10-3

+ System Sensitivity page 10-3
. Optimum Sensitivity, page 10-5
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The Frequency Discriminator Method

The Frequency Discriminator Method

Unlike the phase detector method, the frequency discriminator method does
not require a second reference source phase locked to the source under test
(Figure 10-).

Af>AG»>AV

Delay Line td

Low

Low d
Ad  Pass ,Noise
Filter Amplifier ~—
Phase AV B SAf (f)
Detector =
Ko
Baseband
Phase Analyzer
Shifter Quadrature
Monitor

graphm.cdr

Figure 10-1 Basic delay line/mixer frequency discriminator method.

Basic Theory

This makes the frequency discriminator method extremely useful for
measuring sources that are difficult to phase lock, including sources that are
microphonic or drift quickly. It can also be used to measure sources with
high-level, low-rate phase noise, or high close-in spurious sidebands,
conditions with can pose serious problems for the phase detector method. A
wide-band delay line frequency discriminator is easy to implement using the
Agilent E5500A/B Phase Noise Measurement System and common coaxial
cable.

The delay line implementation of the frequency discriminakogre 10-)
converts short-term frequency fluctuations of a source into voltage
fluctuations that can be measured by a baseband analyzer. The coversionis a
two part process, first converting the frequency fluctuations into phase
fluctuations, and then converting the phase fluctuations to voltage
fluctuations.

The frequency fluctuation to phase fluctuation transformatidvh { A )
takes place in the delay line. The nominal frequency arrives at the
double-balanced mixer at a particular phase. As the frequency changes
slightly, the phase shift incurred in the fixed delay time will change
proportionally. The delay line converts the frequency change at the line
input to a phase change a the line output when compared to the undelayed
signal arriving at the mixer in the second path.
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The Discriminator
Transfer Response

NOTE

FM Discriminator Fundamentals
The Frequency Discriminator Method

The double-balanced mixer, acting as a phase detector, transforms the
instantaneous phase fluctuations into voltage fluctuatidigs ¢ AV ). With
the two input signals 90out of phase (phase quadrature), the voltage out is
proportional to the input phase fluctuations. The voltage fluctuations can
then be measured by the baseband analyzer and converted to phase noise
units.

The important equation is the final magnitude of the transfer response.

AV(Em) = K g2 dAf (F ) ST mtd)
(fm) @21t dAf (fm) (M mTd)

WhereAV (fm) represents the voltage fluctuations out of the discriminator
andAf(fm) represents the frequency fluctuations of the device under test
(DUT). Ko is the phase detector constant (phase to voltage translatibn).

is the amount of delay provided by the delay line dqgl is the frequency
offset from the carrier that the phase noise measurement is made.

System Sensitivity

A frequency discriminator’s system sensitivity is determined by the transfer
response. As shown below, it is desirable to make both the phase detector
constantK @ and the amount of delag large so that the voltage
fluctuationsAV out of a frequency discriminator will be measurable for
even small fluctuationg\ f

AV(fm) = [K(pZmd%Tr[;—T;)d)}(Af(fm))

The system sensitivity is independent of carrier frequeficy

The magnitude of the sinusoidal output term or the frequency discriminator
is proportional tosin(ttf mtg)/ (Tfmtg) . This implies that the output
response will have peaks and nulls, with the first null occurring at

fm = 1/1d. Increasing the rate of a modulation signal applied to the
system will cause nulls to appear at frequency multiple$/ofd

(Figure 10-2 on page 10}4
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0-20 MHz —@Af.

FM Input

DUT

FM Discriminator Fundamentals
The Frequency Discriminator Method

Delay td = 100ns

Ad

LPF LNA ~_
Ko (O AV [7E D_' SAf ()
> >
o
Baseband
Analyzer

| | Phase
Shifter I Quad. I

Measurement limit without correction

Magnitude

of Transfer

Response Null Null
i i
1 1
1 1
1 1

\ 4 ! L n
0 1/2 nud f = 10MHz f = 20MHz

f Offset from Carrier (Hz)

graphn.cdr

Figure 10-2 Nulls in sensitivity of delay line discriminator.

To avoid having to compensate for sin (X)/x response, measurements are
typically made at offset frequenciefs§ ) much les81d . Itis possible to
measure at offset frequencies out to and beyond the null by scaling the
measured results using the transfer equation. However, the sensitivity of the
system get very poor results near the nulls.

The transfer function shows that increasing the deldy  increases the
sensitivity of the system. However, increasingy  also decreases the offset
frequenciesfm ) that can be measured without compensating for the
sin(x)/x response. For example, a 200 ns delay line will have better
sensitivity close to carrier than a 50 ns delay line., but will not be usable
beyond 2.5 MHz offsets without compensating for the sin(x)/x response; the
50 ns line is usable to offsets of 10 MHz.

Increasing the delayd , also increases the attenuation of the line. While this
has no direct effect on the sensitivity provided by the delay line, it does
reduce the signal into the phase detector and can result in deci¢gsed and
decreased system sensitivity.

The phase detector constdffp ~ equals the slope of the mixer sine wave
output at the zero crossings. When the mixer is not in compresKign,
equalsk, Vg wher&KL isthe mixer efficiency ahak is the voltage into
the Signal Input port (R port) of the mixev.r  is also the voltage available
at the output of the delay line.
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Compression

The level of the output
signal at which the gain of
a device is reduced by a
specific amount, usually
expressed in decibels
(dB), asinthe 1 dB
compression point.

FM Discriminator Fundamentals
The Frequency Discriminator Method

Optimum Sensitivity

If measurements are made such that the offset frequency of intéggst () is
<1/2mtg the sin(x)/x term can be ignored and the transfer response can be
reduced tAAV (fm) = KdAf(fm) = KemdAf(fm)

whereK( is the discriminator constant.

The reduced transfer equation implies that a frequency discriminator’s
system sensitivity can be increased simply by increasing the dglay  or by
increasing the phase detector constagt . This assumption is not
completely correctKp is dependent on the signal level provided by the
delay line and cannot exceed a device dependent maximum. This maximum
is achieved when the phase detector is operatimgimpression Increasing

the delaytg will reduce the signal level out of the delay line often reducing
the sensitivity of the phase detector. Optimum system sensitivity is obtained
in a trade-off between delay and attenuation.

Sensitivity = Iq_Vian(]_o)-LZ/ZO

Where K is the phase detector efficiency;,¥ the signal voltage into the
delay line, LX (dB) is the sensitivity provided by the delay line and LZ is the
attenuation of the delay line. Taking the derivative with respect to the length
L to find the maximum of this equation results in

LZ = 8.7 dB of attenuation

The optimum sensitivity of a system with the phase detector operating out of
results from using a length of coaxial line that has 8.7 dB of attenuation.

One way to increase the sensitivity of the discriminator when the phase
detector is out of compression is to increase the signal into the delay line.
This can be accomplished with an RF amplifier before the signal splitter.

The noise of the RF amplifier will not degrade the measurement if the
two-port noise of the amplifier is much less than the noise of the DUT.
However, some attenuation may be needed in the signal path to the reference
input to the double-balanced mixer (phase detector) to protect it from
excessive power levels.

If the amplifier signal puts the phase detector into compresiay, is at its
maximum and system sensitivity is now dependent on the length of the delay
Td. For maximum sensitivity more delay can be added until the signal level
out of the delay line is 8.7 dB below the phase detector compression point.
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Table 10-1

FM Discriminator Fundamentals
The Frequency Discriminator Method

The following example illustrates how to choose a delay line that provided
the optimum sensitivity given certain system parameters.

Choosing a Delay Line

Parameters
Source signal level +7dBm
Mixer compression point +3 dBm
Delay line attenuation at source carrier frequency 30 dB per 100 ns of
Delay
Highest offset frequency of interest 5 MHz

1. To avoid having to correct for the sin(x)/x response choose the delay
such that:

1
T,<

21x 5% 106

A delay Ty of 32 ns or less can be used for offset frequencies out to
5 MHz.

2. The attenuation for 32 ns of delay is 30 dB x 32 ns/100 ns or 9.6 dB. The
total signal attenuation through the splitter and the delay line is 15.6 dB.
The signal level out of the delay line 8.6 dBm which is 11.6 dB
below the phase detector compression point. Improved sensitivity can be
achieved by reducing the length of the delay or by using a more efficient
line so that the signal level out i$5.7 dBm or 8.7 dB below the mixer
compression point.

Careful delay line selection is crucial for good system sensitivity. In cases
where the phase detector is operating out of compression, sensitivity can be
increased by using a low loss delay line, or by amplifying the signal from the
DUT. Because attenuation in coaxial lines is frequency dependent, optimum
system sensitivity will be achieved with different lengths of line for different
carrier frequencies.
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CAUTION

FM Discriminator Measurement Examples

What You'll Find in This Chapter

¢ FM Discriminator Measurement using Double-Sided Spur
Calibration, page 11-3

¢ Discriminator Measurement using FM Rate and Deviation
Calibration, page 11-18.

To prevent damage to the Agilent/HP 70420A test set’s hardware
components, the input signaust notbe applied to the signal input
connector until the input attenuator (Agilent/HP 70420A Option 001) has
been correctly set for the desired configuration, as shovabie 11-2 on
page 11-11Apply the input signal when th€onnection Diagramappears.
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FM Discriminator Measurement Examples
Introduction

DUT

v

Splitter

™~
Af 5SS
>—>
C) |1 .~

Introduction

These two measurement examples demostrates the FM Discriminator
measurement technique for measuring the phase noise of a signal source
using two different calibration methods.

These measurement techniques work well for measuring free-running
oscillators that drift over a range that exceeds the tuning range limits of the
phase-locked-loop measurement technique. The Discriminator measurement
is also useful for measuring sources when a VCO reference source is not
available to provide adequate drift tracking.

The setup for a discriminator measurement uses a delay line to convert
frequency fluctuations to phase fluctuations and a phase shifter to set
guadrature at the phase detector.

Af>AG»>AV

Delay Line td

Low

Low d
Ad  Pass ,Noise
Filter Amplifier ~—
Phase AV B SAf (f)
Detector =
Ko
Baseband
Phase Analyzer
Shifter Quadrature
Monitor

graphm.cdr

In the Discriminator measurement, the source is placed ahead of the power
splitter. One output of the splitter feeds a delay line with enough delay to
decorrelate the source noise. The delay line generates a phase shift
proportional to the frequency. The phase shift is measured in the phase
detector by comparing the delay output with the other output from the
splitter. The output of the phase detector is a voltage proportional to the
frequency fluctuations of the source.

For more information about FM Discrimination basics, refeCtoapter 10,
“FM Discriminator Fundamentals”
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FM Discriminator Measurement Examples
FM Discriminator Measurement using Double-Sided Spur Calibration

FM Discriminator Measurement using
Double-Sided Spur Calibration

CAUTION To prevent damage to the Agilent/HP 70420A test set’s hardware
components, the input signadust notbe applied to the signal input
connector until the input attenuator (Agilent/HP 70420A Option 001) has
been correctly set for the desired configuration, as shovabie 11-2 on
page 11-11Apply the input signal when th€onnection Diagramappears.

Required Equipment The following equipment is required for this example in addition the phase
noise test system and your unit-under-test (UUT).

NOTE To ensure accurate measurements, you should allow the UUT and
measurement equipment to warm up at least one hour before making the
noise measurement.

Table 11-1 Required Equipment for the FM
Discriminator Measurement Example

Equipment Quantity Comments

Signal Generator 1 +19 dBm output level at tested
carrier frequency.

Calibrated FM at a 20 kHz rate
with 10 kHz Peak Deviation.

Power Splitter 1 NARDA 30183

Delay Line Delay (or length) adequate to
decorrelate source noise.

Phase Shifter 1 +180° phase shifter at lowest
carrier frequency tested.
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FM Discriminator Measurement Examples
FM Discriminator Measurement using Double-Sided Spur Calibration

Determining the Perform the following steps to determine the minimum delay line lergth (
Discriminator Possible to provide an adequate noise to measure the source.
(Delay Line) Length 1. Determine the delay necessary to provide a discriminator noise floor that

is below the expected noise level of the DUFIgure 11-1shows the
noise floor of the discriminator for given delay timea3.(

2. Determine the length of coax required to provide the necessary dlay (
(Eight feet of BNC cable will provide 12 ns of delay for this example.)

3. Determine the loss in the delay line. Verify that the signal source will be
able to provide a power level at the output of the delay line of between
+5 and +17 dBm. Be sure to take into account an additional 4 to 6 dB of
loss in the power splitter. (The loss across 8 feet of BNC cable specified
in this example is negligible.) The Agilent/HP 70420A test set Signal
and Reference inputs requires +15 dBm.

NN

sof NN\

NN\

0NN\

of NN\

2 \ NN\

of AND N

ol AN NN\

a0 F NN\

o NN\

ol NN\

NNoN

el | NGO\

ol | NS N\
-100 | NN NGO
| SRR
-130 \\ \\ Y
-140 |
-150 h D .
-160 | \\ NN
170 | \P
-180.01 A 1 10 100 1K 10K 100K 1™ 10M  100M

[ (f) [dBe/Hz] vs. f[Hz]

dlytime.cdr

Figure 11-1 Discriminator Noise Floor as a Function of Delay Time
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FM Discriminator Measurement Examples
FM Discriminator Measurement using Double-Sided Spur Calibration

Defining the 1. From the File menu, choose Open.
Measurement

Edit Wiew Define Meas
Cirl+M
Cirl+0

Save fz...
Ex=port Results 3

Frint... Chil+F
Frint Prewview
Frint Setup...

Send...

1 Confidence. pnm

2 FreeRF.pnm

3 MicroSRC. pnm

4 Residual pnm

B RFSynth_EFC.pnm
E Moize_1.pnm

7 Moize_2 pnm

8 Moize_3.pnm

Exit

2. If necessary, choose the drive or directory where the file you want is
stored.

3. Inthe File Name box, choose “vco_dss.pnm”.

Open 21=]
Lookjn: |23 HP EB500 =l g' B
fm_discr2 ] RFSynth_DCFM
FreeRF 8] stableRF
HP_8652_E3_EFC oo, dss
MeasFile @ wio_rkd
MicroSRC

Fesidual_xdut_rfdet
4 I

File name: Ivco_dss Open I
Files of lpe: IHP E&500 Measurement Files (% prm) j Cancel |

4. Click the Open button.

The appropriate measurement definition parameters for this example
have been pre-stored in this filéable 11-3 on page 11-16ts the
parameter data that has been entered for the FM discriminator
measurement example.)
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FM Discriminator Measurement Examples
FM Discriminator Measurement using Double-Sided Spur Calibration

5. From theDefine menu, choos&leasurement then choose th&ype
and Rangetab from theDefine Measurementwindow.

a. From theMeasurement Typepull-down, select Absolute Phase
Noise (using an FM discriminator).

!;Ei vco_dss - HP ES500 Phase Noize Measurement Subsystem
File Edit iew WD

Meazure  Analyze  System  Help

P ETY iy 0| o m| ¥
Security Level... Ily -1.0275Hz , +19 dBm out, VCO,DE3
PR
IET‘;{ EFT Segment HP E5500 E
10 Swept Sedme  Tyne and Range | Sou Hermle Dliaara

— Offzet Frequency R ange

----- --- Start Offset I‘ID Hz Stop Offset |1DDE+B Hz
FFT Analyzer Minimum Mumber of Averages |4

-170) --- —FFT GQuality Define Custom Segment Table
B PEEERRES
dggb——— & Nomal " Fast " High Resolution ¢ Custom FFT |
10 100
- — Swept Quality
Edit the current measurement param
' Nomal ' Fast " High Resolution ¢ Custom Swept |

|
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FM Discriminator Measurement Examples
FM Discriminator Measurement using Double-Sided Spur Calibration

6. Choose th&ourcestab from theDefine Measurementwindow.

a. Enter the carrier (center) frequency of your UUT (5 MHz to
1.6 GHz). Enter the same frequency for the detector input
frequency.

HP E5500 [X]

Type and Range  Source | Cal I Block. Diagraml Test Setl Downconverterl Graph I

Abzolute PW

Frequency ([N

27E +3 Pawer [15 dBm
Carrier Source Output iz cerine to: % TestSet " Dowfconverter

— Detector [nput

Frequency |1.D2?E+9 Hz

|

7. Choose th€al tab from theDefine Measurementwindow.

b. SelecDerive constant from double-sided spurtas the calibration
method.

Take a modulated calibration source and feed the output into a spectrum
analyzer. Measure the 1st modulation sideband frequency and power
relative to the carrier’s frequency and power. Enter the parameters into
the following step.
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FM Discriminator Measurement Examples
FM Discriminator Measurement using Double-Sided Spur Calibration

c. Setthe&Know Spur Parameters Offset FrequencyandAmplitude
for the spur you plan to use for calibration purposes.This calibration
method requires that you enter the offset and amplitude koroavn

spur.

HP ES500
Type and Hanga' Source Cal | Block Diagraml Test Set | Downcanverter | Graph I

Abszolute Phase Moise [using an Fi disciiminator]

~ FM Discriminator Constant
" Use gurent FM discriminator constant
@ Denive constant from double - sided spui

" Derive constant from FM jate and devistion

Current Fi Discriminator Constant |82.25E-3 olts # Hz

— Known Stiur P
Offset Frequency [20E+3 szi Amplitude |-12 dBc>

i~ Calibration Sdtmee———— ——

ﬁhfﬁl‘l I[none] 'I Frequency |1.D27E+S Hz Fower 16 dBm

" Frequency Modulation

Fid Rate |20E+3 Hz Fi Deviation |1UE+3 Hz ‘

Aszet Manager |

|

8. Choose th&lock Diagram tab from theDefine Measurement
window.

a. From theReference Sourceull-down, selecManual.

b. From thePhase Detectompull-down, selecAutomatic Detector

Selection
Type and Hangel Sourcel Cal Block Diagram | Test Setl Downconverterl Graph I

Absolute Phase Moise [using an FM dizcriminator)

F Dizcriminator i

Automatic: Detectar Selection/ j

Source
’7 marual] e

D own Converter

I[none]

@ None ¢ Manual " System Control

' phase shifter
 gource frequency

Aszzet Manager |

Cloze | Help |
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FM Discriminator Measurement Examples

FM Discriminator Measurement using Double-Sided Spur Calibration

9. Choose th&raph tab from theDefine Measurementwindow.

a. Enter a graph description of your choice.

HP E5500 B
Type and Hangel Sourcel Cal I Elack Diagraml TestSetI Downconverter  Graph |

Absolute phase noize [using an Fi discriminator]

Title: [FM Discrim - 50 ns dy - 1.027GHz . +19 dw,oss =]

Graph Type ingie-sideband phase noize  [dBc/Hz) j

4 Scale

Minirnurn |1U Hz  taximum |1UDE+B Hz Scale Graph To Data |

—* Scale for Single Sideband Phase Moise

b axinmum I‘]U dBc / Hz

Minimum  |-190 dBc / Hz

Scale trace data to a new carier frequency of

Mommalize trace data to a |1 Hz bandwidth

times the current carier frequency.

|1_
Shift trace data by ID dB

Trace Smoothing Amount ID 3.
Power present at input of DUT ID dBm Display Ereferencesl

|

Setup Considerations

10. When you have completed these operations, cliciCtbsebutton.

Connecting Cables

The best results will be obtained if semi-rigid coaxial cables are used to
connect the components used in the measurement; however, BNC cables
have been specified because they are more widely available. Using BNC
cables may degrade the close-in phase noise results and, while adequate for
this example, should not be used for an actual measurement on an unknown
device unless absolutely necessary.

Measurement Environment

The low noise floors typical of these devices may require that special
attention be given to the measurement environment. The following
precautions will help ensure reliable test results:

¢ Filtering on power supply lines
Protection from microphonics
® Shielding from air currents may be necessary.
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FM Discriminator Measurement Examples
FM Discriminator Measurement using Double-Sided Spur Calibration

Beginning the 1. From theView menu, choos#leter to select the quadrature meter.
!;Ei Untitled - HP ES500 Phase Moise Measurement Subsystem [ |O] x|
File  Edit Define  Measure  Analpze  Swstem  Help
Ol v Toolbar hl 5 2 ‘
l w Status Bar 3' QI — EI
Markers 3 dBm out

s : : E|

20 Clear Graph

-301 Fiefrezh Graph . " " "

';gg File Edit “iew Define Measure Analyze System Help

o F Parameter Summary =

S T ] R

o Measurement Definitian lelnl @l&l él |%|@| ><|| 3' l6 E E”

GoE Sewrlst 50 ns delay - 600 MHz carrier - 13 dBm out oes
-of- PLL Suppression Giraph HP ES500  Camier: 600E+6 Hz 14 Apr 1998 20:04:23 - 200534 Volts
'i;g__ Instrument Cannections L T s e e e e a = 1000
:130‘_ Meszage Log -0 Z nson
-l40 -20- =
-5 Display Preferences... o —0.200
-160 A=
-170F w Update Graph when Paramel = = 0,400
-130) - - -30- E
B i senEEEE LR EEPE 60— SOED

-0 I~
10 100 1K e — 0,020
L | A, [ [ [ e S —o.0t0
Show or hide the meter _1005 — 0.005
-110- — 0.000
-120 —-0.005
-130- —-0.010
140
1s0E —-0.020
-160- Z-o.050
B R R R e LR e LR =
-ISD: _________________________ =000
-1905 -------- —-0.200
o, . \ . L M- L L 5
100 1K 10K 100K 1l 1011 =-0500
1 L(f) [ dBc/Hz] vs £ [ Hz] 100 .
For Help, press F1 [LocaL [IoLE i

2. From theMeasurementmenu, choos&lew Measurement

!;Ei Confidence_pnm - HP E5500 Phase Noize Measuremen
File Edit “iew Define i Analyze  Spsterm  Help

Ol= M =
% Repeat Measurement

Abort Measurement
Fieal-Time Monitor

v Clear Graph before measurement
v Pauze at Connect Diagram

3. When thePerform a New Calibration and Measurementdialog box
appears, clicloK.

HP E5500 [X]

& Perfarm a Mew Calibration and Measurement?

Cancel |
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FM Discriminator Measurement Examples
FM Discriminator Measurement using Double-Sided Spur Calibration

4. When theConnect Diagramdialog box appears, confirm your
connections as shown in the connect diagram. The Agilent/HP 70420A
test set’s signal input is subject to the following limits and
characteristics:

Table 11-2 Agilent/HP 70420A Test Set Signal Input Limits and Characteristics

Limits

Frequency 50 kHz to 1.6 GHz (Std)
50 kHz to 26.5 GHz (Option 001)
50 kHz to 26.5 GHz (Option 201)

Maximum Signal Input Power Sum of the reference and signal input
power shall not exceed +23 dBm

At Attenuator Output, Operating Level

Range:
¢ RF Phase Detectors 0 to +23 dBm (Signal Input)

+15 to +23 dBm (Reference Input)
* Microwave Phase Detectors 0 to +5 dBm (Signal Input)

+7 to +10 dBm (Reference Input)
* Internal AM Detector 0to +20 dBm

* Downconverters:

Agilent/HP 70422A 0to +30 dBm
Agilent/HP 70427A +5t0 +15 dBm
CAUTION:

To prevent damage to the Agilent/HP 70420A test set’s hardware components,
the input signal must not be applied to the test set’s signal input connector until
the input attenuator (Option 001) has been correctly set by the phase noise
software, which will occur at the connection diagram.

Characteristics:
Input Impedance 50 ohm Nominal
AM Noise dc coupled to 50 ohm load
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FM Discriminator Measurement Examples
FM Discriminator Measurement using Double-Sided Spur Calibration

HP E5500 Instrument Connections

Werify Connections
Dec 17,1997 14:52:45

HP 704204
DUT

TUNE
IN OUTPUT]
O ®

POWER  gluFTen °°
SPLITTER ¢ o0y )

-

>

-nn
DELAY LINE

— Control Panel

EFT &nalyzer Swept Analyzer | TestSet | Wowncanyerter | Bhiase Shifter |

[Earien Saumze | Eeference Sourcel Fresidua Saumze | [Calibratian Sourcel Erequerncy Eounterl

— Tuning Yoltage

ID 3: - I‘ID -
Center Wolts  Range +/ WVolts ’WI Abort | el |

Figure 11-2 Setup diagram for the FM Discrimination Measurement Example.

5. Refer to the following system connect diagram example for more
information about system interconnections:

Connect Diagram Example

PHASE

CALIBRATION POWER
SOURCE SPLITTER SHIFTER
'
| O/
I J
I |_ DELAY LINE
DUT —
To HP 70420A HP 70001A MAINFRAME
Rear Panel HP 70420A/Std
Noise Source Input
15
WO o o
O o
COMPUTER — j}
Z N =
— — Digitizer \
Output ™\
HP E4411A
= Digitizer SPECTRUM ANALYZER
Input - -
||:| 4 = S===g
== S g=2es
G — o
l o oo
L ! \ o0 00 o@ 0o oo,
/ O OOoOOOOOOOO O oo
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FM Discriminator Measurement Examples
FM Discriminator Measurement using Double-Sided Spur Calibration

Making the 1. press th€ontinue key when you are ready to make the measurement.

Measurement o
Calibrating the Measurement

The calibration procedure determines the discriminator constant to use in the
transfer response by measuring the system response to a known FM signal.

NOTE Note that the system must be operating in quadrature during calibration.

HP E5500 Measurement Pausze Point EHE

&

E stablizh quadrature manually.
Aprl14, 1998 20:16:23

Fetn | Abort | Local |

2. First establish quadrature by adjusting the phase shifter until the meter
indicates 0 volts, then press Continue.

!;Ei fm_dizcr1_pnm - HP E5500 Phase Noize Measurement Subsystem
File Edit “iew Define Measure Analyze System Help
D[=(E| 8(a| « OE|el x|E| =5 oo &
a0 ns delay - 600 MHz carner - 13 dBm out -0.065
o HE ESS00 _Canier: 600E+6 Ha 14 Apr 1998 200423 - 20:05:34 Volts
T T T T T T T — —— —— 1000
_ég_ 50500 \\
-30) —0.200 \/
'gg = 0400
60 oo 0.000
70 - WVolts
a0 = 0.020 = 1.000
90 - 0.0 E 0500
-100 — 0005 =
-110 — 0.000 [
-120 —-0.005 =000
-130) —-0.010 om0
igg - 0020 B 0 Volts
- L - n.020
-160) I
= -n.050 — .01
-170) B
120 0100 T /
-190 —-0.200 - ooe0
o, \ . L M- L \ . = —-0.005
= -0.500 — -0
10 100 1K 10K 100K 1l 1011 1008 : 0.010
Lify [dBc/Hz] ws { [ Hz] = 1000 - 0020
For Help, press F1 [LocaL [IoLE i 0050
0100
—-0.200
o500
<1000
IBERATING v
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FM Discriminator Measurement Examples
FM Discriminator Measurement using Double-Sided Spur Calibration

3. Next, apply modulation to the carrier signal, then pKésatinue.

HP E5500 Measurement Pausze Point EHE

&

Apply modulation to carier signal.
Aprl1d, 1998 20:17:12

{Continue Hety | Abort | Local |

Remove the modulation from the carrier and connect your DUT.

HP E5500 Measurement Pausze Point EHE

&

Fiemove modulation from carrier signal and connect the DUJT.
Aprl1d, 1998 20:19:26

et Abort Local
CALIBRATION | __ POWER SF:':?TS:R
SOURCE a SPLITTER
| X
, | OMN
|_ J DELAY LINE
DUT LA
To HP 70420A HP 70001A MAINFRAME
Rear Panel HP 70420A/Std
Noise Source Input
o|C O
10 . 0‘
COMPUTER — :'>
Z N\ = 0
e E— Digitizer \
Output ™\
HP E4411A
E Digitizer SPECTRUM ANALYZER

lnPUt ° 9 [=1=[=1=1-}

— E S

o 88528

[=l=]= =]

oo,

resid1.edr

4. The system can now run the measurement. at the appropriate point,
re-establish quadrature and continue the measurement.
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FM Discriminator Measurement using Double-Sided Spur Calibration

HP E5500 Measurement Pausze Point EHE

&

E stablizh quadrature manually.
Apr15, 1998 15:15:18

{Eorlinoe Hetmy | Abart | Local |

The segment data will be displayed on the computer screen as the data is
taken until all segments have been taken over the entire range you specified
in the Measurement definition’s Type and Range.

When the When the measurement is complete, refeCtmpter 15, “Evaluating Your
Measurement is Measurement Result$dr help in evaluating your measurement results. (If
the test system has problems completing the measurement, it will inform you

Complete by placing a message on the computer display.

Figure 11-3 on page 11-Khows a typical absolute measurement using FM
discrimination.

!;Ei vco_dss - HP ES500 Phase Noize Measurement Subsystem

File Edit “iew Define Measure Analyze System Help

D|=(@ sln < Clsle| || @ of | E ¥
FM Discrim - 50 ns dly - 1.0275Hz, +19 dBm out, VCO,DES

HP ES500  Cuarrder: 1.027E+9 Hr
10 T T T T

16 Apr 1998 11:12:56 - 11:14:31

10K 100K
Lify [dBc/Hz] ws f [He]
For Help, press F1 [LocaL [IoLE i

Figure 11-3 Typical Phase Noise Curve using Double-Sided Spur Calibration.
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FM Discriminator Measurement using Double-Sided Spur Calibration

Table 11-3 Parameter Data for the Double-Sided Spur Calibration Example

Step Parameters Data
1 Type and Range Tab
Measurement Type Absolute Phase Noise (using an FM Discriminator)
e Start Frequency 10 Hz
* Stop Frequency 100 E+ 6 Hz
¢ Minimum Number of Averages 4
FFT Quality Normal
Swept Quality Fast
2 Sources Tab
Carrier Source
e Frequency 1.027E+9Hz
* Power 19 dBm
¢ Carrier Source is Connected to: Test Set
Detector Input
* Frequency 1.027E+9Hz
3 Cal Tab
FM Discriminator Constant Derive Constant from Double-Sided Spur
¢ Current Phase Detector 82.25 E-9
Constant
Know Spur Parameters 20 E3
« Offset Frequency -12 dBc
« Amplitude
Calibration Source 1.027E + 9 Hz
* Frequency 16 dBm
* Power
4 Block Diagram Tab
e Carrier Source Manual
¢ Phase Shifter Manual
¢ DUT in Path checked

* Phase Detector

¢ Adjust the Quadrature by
adjusting the

Automatic Detector Selection
phase shifter
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FM Discriminator Measurement using Double-Sided Spur Calibration

Step Parameters Data
5 Test Set Tab « The test set parameters do not apply to this measurement
example.
6 Dowconverter Tab « The downconverter parameters do not apply to this
measurement example.
7 Graph Tab
« Title ¢ FM Discrim - 50 ns dly - 1.027GHz, +19 dBm out, VCO,DSS
« Graph Type ¢ Single-sideband Noise (dBc/Hz)

X Scale Minimum
X Scale Maximum
Y Scale Minimum
Y Scale Maximum
Normalize trace data to a:

Scale trace data to a new
carrier frequency of:

Shift trace data DOWN by:
Trace Smoothing Amount
Power present at input of DUT

10 Hz

100 E + 6 Hz

10 dBc/Hz

- 190 dBc/Hz

1 Hz bandwidth

1 times the current carrier frequency

0dB
0
0dB
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Discriminator Measurement using FM Rate and Deviation Calibration

CAUTION

NOTE

Required Equipment

NOTE

Discriminator Measurement using FM Rate
and Deviation Calibration

To prevent damage to the Agilent/HP 70420A test set’s hardware
components, the input signadust notbe applied to the signal input
connector until the input attenuator (Agilent/HP 70420A Option 001) has
been correctly set for the desired configuration, as shovabie 11-2 on
page 11-11Apply the input signal when th€onnection Diagramappears.

In order to use the FM rate and deviation calibration method you must have
a signal source that is calibrated for FM modulation rate and FM deviation
parameters. All Agilent Technologies signal generators meet this
requirement.

The following equipment is required for this example in addition the phase
noise test system and your unit-under-test (UUT).

To ensure accurate measurements, you should allow the UUT and
measurement equipment to warm up at least one hour before making the
noise measurement.

Table 11-4 Required Equipment for the FM
Discriminator Measurement Example

Equipment Quantity Comments

Signal Generator 1 +19 dBm output level at tested
carrier frequency.

Calibrated FM at a 20 kHz rate
with 10 kHz Peak Deviation.

Power Splitter 1 NARDA 30183

Delay Line Delay (or length) adequate to
decorrelate source noise.

Phase Shifter 1 +180° phase shifter at lowest
carrier frequency tested.
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Discriminator Measurement using FM Rate and Deviation Calibration

Determining the Perform the following steps to determine the minimum delay line lermth (
Discriminator Possible to provide an adequate noise to measure the source.
(Delay Line) Length 1. Determine the delay necessary to provide a discriminator noise floor that

is below the expected noise level of the DUFIgure 11-1shows the
noise floor of the discriminator for given delay timea3.(

2. Determine the length of coax required to provide the necessary dlay (
(Eight feet of BNC cable will provide 12 ns of delay for this example.)

3. Determine the loss in the delay line. Verify that the signal source will be
able to provide a power level at the output of the delay line of between
+5 and +17 dBm. Be sure to take into account an additional 4 to 6 dB of
loss in the power splitter. (The loss across 8 feet of BNC cable specified
in this example is negligible.) The Agilent/HP 70420A test set Signal
and Reference inputs requires +15 dBm.

NN
sof NN\
NN\
0NN\
of NN\
2 \ NN\
of AND N
ol AN NN\
a0 F NN\
o NN\
ol NN\
NNoN
el | NGO\
ol | NS N\
-100 | NN NGO
| SRR
-130 \\ \\ Y
-140 |
-150 h D .
-160 | \\ NN
170 | \P
-180.01 A 1 10 100 1K 10K 100K 1™ 10M  100M

[ (f) [dBe/Hz] vs. f[Hz]

dlytime.cdr

Figure 11-4 Discriminator Noise Floor as a Function of Delay Time
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Discriminator Measurement using FM Rate and Deviation Calibration

Defining the 1. From theFile menu, choos®pen.
Measurement

Edit Wiew Define Meas
Cirl+M
Cirl+0

Save fz...
Ex=port Results 3

Frint... Chil+F
Frint Prewview
Frint Setup...

Send...

1 Confidence. pnm

2 FreeRF.pnm

3 MicroSRC. pnm

4 Residual pnm

B RFSynth_EFC.pnm
E Moize_1.pnm

7 Moize_2 pnm

8 Moize_3.pnm

Exit

2. If necessary, choose the drive or directory where the file you want is
stored.

3. IntheFile Namebox, choosevVco_r&d.pnm”.

Open 21=]
Lookjn: |23 HP EB500 =l ==
fm_discr2 ] RFSynth_DCFM
FreeRF 8] stableRF
HP_8662_E3 EFC ] veo_dss
MeasFile e rkd

MicroSRC
Fesidual_xdut_rfdet

1 [

File name: Ivco_r&d Open I
Files of lpe: IHP E&500 Measurement Files (% prm) j Cancel |

4. Click theOpenbutton.

The appropriate measurement definition parameters for this example
have been pre-stored in this filéable 11-3 on page 11-16ts the
parameter data that has been entered for the FM discriminator
measurement example.)
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5. From theDefine menu, choos#easurement then choose th&ype
and Rangetab from theDefine Measurement window.

a. From theMeasurement Typepull-down, selecAbsolute Phase
Noise (using an FM discriminator).

!;Ei vco_dss - HP ES500 Phase Noize Measurement Subsystem
File Edit “iew EMEI Meazure  Analyze  System  Help

Dlsla) ¢ | xIE| =@l 0| of | X |

Ily -1.0275Hz , +19 dBm out, ¥COO,DES

Limit Lines...
Security Level...

HPES S0 =
W~ EFT Segment HP E5500 [X]

o - -

Swept Sedme  Tyne and Range | Sou 3 BoekEragram | Test Setl Downconverterl Graph I

Measurement Type LYY -HAEa

— Offzet Frequency R ange

-100) -1
B L e ARttt Start Offset I‘ID Hz Stop Offset |1DDE+B Hz

1201
-130]
140 FFT Analyzer Minimum Nurber of & [4
o nalyzer Minimum Mumber of Averages
B PR
B | e SRR —FFT GQuality Define Custom Segment Table
Bt :
dggb——— & Nomal " Fast " High Resolution ¢ Custom FFT |
10 100
- — Swept Quality
Edit the current measurement param
' Nomal ' Fast " High Resolution ¢ Custom Swept |

|
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6. Choose th&ourcestab from theDefine Measurementwindow.

a. Enterthe carrier (center) frequency of your UUT (5 MHz to
1.6 GHz). Enter the same frequency for the detector input
frequency.

HP E5500 [X]

Type and Range  Source | Cal I Block. Diagraml Test Setl Downconverterl Graph I

Abzolute PW

Frequency ([IEREE Power I‘IS dBm
Carrier Source Output iz cerine to: % TestSet " Dowfconverter

— Detector [nput

Frequency |1.D2?E+9 Hz

|

7. Choose th€al tab from theDefine Measurementwindow.

b. SelectDerive constant from FM rate and deviation as the
calibration method.

A modulation FM tone of 20 kHz and a deviation of 10 kHz is the
recommend FM rate and deviation for this procedure.

Enter the parameters into the following step.
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c. Setthe~M Rate to 20 kHz and=M Deviation to 10 kHz.

HP E5500 [X]

Type and Hangel Source  Cal | Block. Diagraml Test Setl Downconverterl Graph I

Absolute Phase Moise [using an FM dizcriminator)

— Fi4 Discriminator Constant
' Use curent FM discriminator constant
" Derive constant from double - sided spur

& Derive constant from FM rate and deviatior:

Current Fi4 Discriminator Constant |82.?2E-9 Wolts / Hz

— Konown Spur P.

Qffset Frequency |1 Hz Amplitude I-B dBc

— Calibration Source

check
140

Frequency |1.D2?E+9 Hz Power |16 dBm
Frequency Modulation

FM Rate |2DE+3 Hz) @ Deviation |1DE+3 Hz

Aszzet Manager |

|

8. Choose th8lock Diagram tab from theDefine Measurement
window.

a. From theReference Sourceull-down, select Manual.

b. From thePhase Detectopull-down, select Automatic Detector

Selection.
Type and Hangel Sourcel Cal Block Diagram | Test Setl Downconverterl Graph I

Absolute Phase Moise [using an FM dizcriminator)

F Dizcriminator i

Automatic: Detectar Selection/ j

[manual] e

D own Converter

I[none]

@ None ¢ Manual " System Control

' phase shifter
 gource frequency

Aszzet Manager |

Cloze | Help |
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9. Choose th&raph tab from theDefine Measurementwindow.

a. Enter a graph description of your choice.

HP E5500 B
Type and Hangel Sourcel Cal I Elack Diagraml TestSetI Downconverter  Graph |

Absolute phase noize [using an Fi discriminator]

Title: [FM Discrim - 50 ns dy - 1.027GHz . +19 daw:ﬂ&o =]

Graph Type irgtesidetand phase noize  [dBoc/Hz) j
4 Scale
Minirnurn |1 0 Hz  taximum |1 O0E+6 Hz Scale Graph To Data |
—* Scale for Single Sideband Phase Moise
b axinmum I‘]U dBc / Hz
Minimum  |-190 dBc / Hz

Mommalize trace data to a |1 Hz bandwidth

Scale trace data to a new carier frequency of times the current carier frequency.

|1_
Shift trace data by ID dB

Trace Smoothing Amount ID 3:
ID dBm

Power present at input of DUT

Dizplay Ereferencesl
|

10. When you have completed these operations, cliciCtbsebutton.

Setup Considerations

Connecting Cables

The best results will be obtained if semi-rigid coaxial cables are used to
connect the components used in the measurement; however, BNC cables
have been specified because they are more widely available. Using BNC
cables may degrade the close-in phase noise results and, while adequate for
this example, should not be used for an actual measurement on an unknown
device unless absolutely necessary.

Measurement Environment

The low noise floors typical of these devices may require that special
attention be given to the measurement environment. The following
precautions will help ensure reliable test results:

¢ Filtering on power supply lines
Protection from microphonics
® Shielding from air currents may be necessary.
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Beginning the 1. From theView menu, choos#leter to select the quadrature meter.
Measurement

!;Ei Untitled - HP ES500 Phase Moise Measurement Subsystem [ |O] x|
Define  Measure  Analpze  Swstem  Help
L]

Ol v Toolbar hl 5
l w Status Bar 3' QI —
3

Markers dBra ot
o IR 7
-0 : :
20 Clear Graph
el
F Refresh Graph
';gg - = File Edt Yiew Define Measure Analyze Swstem Help
o F Parameter Summary =
o & £ o
o Measurement Definitian lelnl @l&l él |%|@| ><|| 3' l6 E E”
-0 : -
aof. opurList : a0 ns delay - 600 MHz carner - 13 dBm out -0.065
-of- PLL Suppression Giraph HP ES500  Camier: 600E+6 Hz 14 Apr 1998 20:04:23 - 200534 Volts
'i;g__ Instrument Cannections L T s e e e e a = 1000
af Message Log -10 ] ] ' : Eosm
140 -20) S ! : . E
Brus Dizplay Preferences... 305 -
-160 _40
-170F w Update Graph when Paramel = 0,400
-130) - - -30F E
B R ELREEET S Rilll SOED
-0 I~
o 100 1K _20F — 0020
L oF —o.0t0
Show or hide the meter _100] — 0.005
-110 — 0.000
-120 —-0.005
-130) —-0.010
igg -<0eE
-}gg Z-o.050
-180) 0100
-190 —-0.200
200 . A L L L A L
100 1K 10K 100K 1M 100T =-0.500
10 L¢f) [dBe/Hz] ve £ [ Hz] 100ma -
For Help, press F1 [LocaL [IoLE i

2. From theMeasurementmenu, choosélew Measurement

!;Ei Confidence_pnm - HP E5500 Phase Noize Measuremen
File Edit “iew Define i

D|=|E| 2|

Analyze  Spsterm  Help

ement
Bepeat Measurement
Abort Measurement
Fieal-Time Monitor

v Clear Graph before measurement
v Pauze at Connect Diagram

3. When thePerform a New Calibration and Measurementdialog box
appears, clicloK.

HP E5500 [X]

& Perfarm a Mew Calibration and Measurement?

Cancel |

4. When theConnect Diagramdialog box appears, confirm your

connections as shown in the connect kiagram. The Agilent/HP 70420A

test set’s signal input is subject to the following limits and
characteristics:
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Table 11-5 Agilent/HP 70420A Test Set Signal Input Limits and Characteristics

Limits

Frequency 50 kHz to 1.6 GHz (Std)
50 kHz to 26.5 GHz (Option 001)
50 kHz to 26.5 GHz (Option 201)

Maximum Signal Input Power Sum of the reference and signal input
power shall not exceed +23 dBm

At Attenuator Output, Operating Level

Range:
¢ RF Phase Detectors 0 to +23 dBm (Signal Input)

+15 to +23 dBm (Reference Input)
« Microwave Phase Detectors 0 to +5 dBm (Signal Input)

+7 to +10 dBm (Reference Input)
« Internal AM Detector 0to +20 dBm

* Downconverters:

Agilent/HP 70422A 0to +30 dBm
Agilent/HP 70427A +5to +15 dBm
CAUTION:

To prevent damage to the Agilent/HP 70420A test set's hardware components,
the input signal must not be applied to the test set’s signal input connector until
the input attenuator (Option 001) has been correctly set by the phase noise
software, which will occur at the connection diagram.

Characteristics:
Input Impedance 50 ohm Nominal
AM Noise dc coupled to 50 ohm load
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HP E5500 Instrument Connections

Werify Connections
Dec 17,1997 14:52:45

HP 704204
DUT

TUNE
IN OUTPUT]
O ®

POWER  gluFTen °°
SPLITTER ¢ o0y )

-

>

-nn
DELAY LINE

hardware: |xlwiil

— Control Panel

EFT &nalyzer | Swept Analyzer | TestSet | Wowncanyerter | Bhiase Shifter |
[Earien Saumze |

Eeference Saurze | Fresidua Saumze | [Calibration Source | Erequerncy Eounterl

— Tuning Yoltage

ID 3: - I‘ID -
Center Wolts  Range +/ WVolts ’WI Abort | el |

Figure 11-5 Setup diagram for the FM Discrimination Measurement Example.

5. Refer to the following system connect diagram example for more
information about system interconnections:

Connect Diagram Example

CALIBRATION POWER SF:'II;\TS:R
SOURCE SPLITTER
'
| O
I J
I |_ DELAY LINE
put - = _rrn
To HP 70420A HP 70001A MAINFRAME
Rear Panel HP 70420A/Std
Noise Source Input
15
WO o o
O - O
COMPUTER — j}
/ G e
— B Digitizer \
Output ™\
HP E4411A
= Digitizer SPECTRUM ANALYZER
Input - -
||:| T EEEE
== S 22388
K HPIE VoY s
= o E==]
: ! \ o0 00 o@ 0o oo,
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Making the 1. press th€ontinue key when you are ready to make the measurement.

Measurement o
Calibrating the Measurement

The calibration procedure determines the discriminator constant to use in the
transfer response by measuring the system response to a known FM signal.

NOTE Note that the system must be operating in quadrature during calibration.

HP E5500 Measurement Pausze Point EHE

&

E stablizh quadrature manually.
Aprl14, 1998 20:16:23

Fetn | Abort | Local |

2. First establish quadrature by adjusting the phase shifter until the meter
indicates 0 volts, then pre€ontinue.

!;Ei fm_dizcr1_pnm - HP E5500 Phase Noize Measurement Subsystem
File Edit “iew Define Measure Analyze System Help
D[=(|| sln < SlE|o| x| g o[> 5 ¥
a0 ns delay - 600 MHz carner - 13 dBm out -0.065
o HE ESS00 _Canier: 600E+6 Ha 14 Apr 1998 200423 - 20:05:34 Volts
T T — —— —— 1000
-0 Eosoo \\
- 0.200 \/
= 0100
Zoos 0.000
- Wolts
—0.020 — = 1000
= 0.010 E0.500
100 ; : : : - 0005 -
-110 b b — 0,000 POED
-120 --- - —-0.005 =000
-130 T T —-0.010 Satasn
-140) B ov
_a - olts
-150 - Zeo0z0
:}gg 5-0.050 —o.0t0 /
-120) = .o100 — 0.005
B R e R e REEEEEEEEEEE FREEEREEREEEE rRELEEEEEEED HEREEL R R R —-0.200 - ooe0
200 N P i S S A S S R i M - — -0.005
o500 — -,
10 100 1K 10K 100K 1l 1011 1008 : 0.010
Lify [dBc/Hz] ws { [ Hz] = 1000 - 0020
For Help, press F1 [LocaL [IoLE i Z o050
Z 00
—-0.200
o500
<1000
IBERATING v
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3. Next, apply modulation to the carrier signal, then pKésatinue.

HP E5500 Measurement Pausze Point EHE

&

Apply modulation to carier signal.
Aprl1d, 1998 20:17:12

T Continue Fetn | Abort | Local |

Remove the modulation from the carrier and connect your DUT.

HP E5500 Measurement Pausze Point EHE

&

Fiemove modulation from carrier signal and connect the DUJT.
Aprl1d, 1998 20:19:26

iz Abort Local
CALIBRATION|  _ POWER SF:':;\TS:R
SOURCE 1 SPLITTER

[ ——0R

I_ J DELAY LINE
DUT o
To HP 70420A HP 70001A MAINFRAME
Rear Panel HP 70420A/Std
Noise Source Input
! =}
o|o O
1 0| - 0‘
COMPUTER = [© :' >
Z N = |©
e E— Digitizer \
Output ™\
HP E4411A
= Digitizer SPECTRUM ANALYZER
Input
—
e =
—r———
\ HP-IB

\

4. The system can now run the measurement. at the appropriate point,
re-establish quadrature and continue the measurement.

R

&

resid1.cdr
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HP E5500 Measurement Pausze Point EHE

&

E stablizh quadrature manually.
Apr15, 1998 15:15:18

Fetn | Abort | Local |

The segment data will be displayed on the computer screen as the data is
taken until all segments have been taken over the entire range you specified
in the Measurement definition’s Type and Range.

When the When the measurement is complete, refeCtmpter 15, “Evaluating Your
Measurement is Measurement Result$dr help in evaluating your measurement results. (If
the test system has problems completing the measurement, it will inform you

Complete by placing a message on the computer display.

Figure 11-6 on page 11-3hows a typical absolute measurement using FM
discrimination.

!;Ei vco_rkd - HP E5500 Phase Noize Measurement Subsystem

File Edit “iew Define Measure Analyze System Help

D|=(@ sln < Clsle| || @ of | E ¥
FM Discrim - 50 ns dly - 1.0270Hz, +19 dBm out, VCO,RED

10 HP ES500  Camrder: 1.027E+ E 16 Apr 1998 10:53:45 - 10:56:31

-10)
-20)
-30)
-40)
-50)
-&0)
-70)
-20)

S0 ----e- e e

-100j
-110)
-120)
-130)
-140)
-150)
-1a0)
-170)
Bt R T S e S A 7S b ]

-190 PR K
100 1K 10K 100E 1M 10M
10 Lef) [ dBe/Hz] ve f [Hz] 100m

For Help, press F1 [LocaL [IoLE i

Figure 11-6 Typical Phase Noise Curve using Rate and Deviation Calibration.
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Table 11-6 Parameter Data for the Rate and Deviation Calibration Example

Step Parameters Data
1 Type and Range Tab
Measurement Type « Absolute Phase Noise (using an FM Discriminator)
e Start Frequency e 10 Hz
* Stop Frequency ¢ 100E+6Hz
¢ Minimum Number of Averages « 4
FFT Quality « Normal
Swept Quality * Fast
2 Sources Tab
Carrier Source
e Frequency e 1.027E+9Hz
* Power *« 19dBm
e Carrier Source is Connected to: ¢ Test Set
Detector Input
* Frequency e 1.027E+9Hz
3 Cal Tab
FM Discriminator Constant ¢ Derive Constant from FM rate and deviation
¢ Current Phase Detector e 82.25E-9
Constant
Know Spur Parameters . 1E3
« Offset Frequency « -6dBc
« Amplitude
Calibration Source e 1.027E + 9 Hz
* Frequency e 16 dBm
* Power
Frequency Modulation e« 20E +3 Hz
* FMRate « 10E +3 Hz
* FM Deviation
4 Block Diagram Tab
e Carrier Source ¢ Manual
¢ Phase Shifter ¢ Manual
¢ DUT in Path « checked

* Phase Detector

¢ Adjust the Quadrature by
adjusting the

« Automatic Detector Selection
« phase shifter
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Step Parameters Data
5 Test Set Tab « The test set parameters do not apply to this measurement
example.
6 Dowconverter Tab « The downconverter parameters do not apply to this
measurement example.
7 Graph Tab
« Title ¢ FM Discrim - 50 ns dly - 1.027GHz, +19 dBm out, VCO,R&D
« Graph Type ¢ Single-sideband Noise (dBc/Hz)

X Scale Minimum
X Scale Maximum
Y Scale Minimum
Y Scale Maximum
Normalize trace data to a:

Scale trace data to a new
carrier frequency of:

Shift trace data DOWN by:

Trace Smoothing Amount

Power present at input of DUT

10 Hz

100 E + 6 Hz

10 dBc/Hz

- 190 dBc/Hz

1 Hz bandwidth

1 times the current carrier frequency

0dB
0
0dB
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12 AM Noise Measurement Fundamentals

What You'll Find in This Chapter

® AM-Noise Measurement Theory of Operation page 12-2
¢  Amplitude Noise Measurement page 12-3
o AM Detector, page 12-4
® Measurement Methods
o Method 1: User Entry of Phase Detector Constantpage 12-8
o Method 2: Double-Sided Spur page 12-12
o Method 3: Single-Sided-Spurpage 12-17
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AM-Noise Measurement Theory of Operation

Basic Noise
Measurement

Phase Noise
Measurement

AM-Noise Measurement Theory of Operation

The Agilent E5500A phase noise measurement software uses the following
process to measure carrier noise by:

® (Calibrating the noise detector sensitivity.
Measuring the recovered baseband noise out of the detector.
Calculating the noise around the signal by correcting the measured data
by the detector sensitivity.

¢ Displaying the measured noise data in the required format.

Given a detector calibration, the system looks at the signal out of the
detector as just a noise voltage which must be measured over a band of
frequencies regardless of the signal’s origin.

The detector calibration is accomplished by applying a known signal to the
detector. The known signal is then measured at baseband. Finally, the
transfer function between the known signal and the measured baseband
signal is calculated.

In the case of small angle phase modulation (<0.1 rad), the modulation
sideband amplitude is constant with increasing modulation frequency. The
phase detector gain can thus be measured at a single offset frequency, and
the same constant will apply at all offset frequencies.

® |Inthe case of calibrating with phase modulation sidebands, the system
requires the carrier-to-sideband ratio and the frequency offset of the
sidebands. The offset frequency is equal to the baseband modulation
frequency. The ratio of the baseband signal voltage to the
carrier-to-sideband ratio is the sensitivity of the detector.

® Inthe case of calibrating with a single-sided spur, it can be shown that a
single-sided spur is equal to a PM signal plus an AM signal. The
modulation sidebands for both are 6 dB below the original single-sided
spur. Since the phase detector attenuates the AM by more than 30 dB,
the calibration constant can be measured as in the previous case, but
with an additional 6 dB correction factor.
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Amplitude Noise Measurement

AM Noise
Measurement
Block Diagrams

@ Signal Input

Amplitude Noise Measurement

The level of amplitude modulation sidebands is also constant with increasing
modulation frequency. The AM detector gain can thus be measured at a
single offset frequency and the same constant will apply at all offset
frequencies. Replacing the phase detector with an AM detector, the AM
noise measurement can be calibrated in the same way as PM noise
measurement, except the phase modulation must be replaced with amplitude
modulation.

The AM noise measurement is a characterization of a source. The residual
AM noise of a DUT can only be made by using a source with lower AM
noise, then subtracting that AM noise from the measured output noise of the
DUT. The noise floor of this technique is the noise floor of the source.

HP 70420A Opt 001

.—--—--—--—--1

DUT

newd27a.cdr

Figure 12-1 AM Noise System Block Diagram using an E5500 Opt 001

DUT AM Detector

I
@—P ———>>— Noise Input
l

HP 70420A

.—--—--—--—--1

HP E5500
e5500d21.cdr
Rev. 1
12/10/97

Figure 12-2 AM Noise System Block Diagram using an External Detector
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HP 70420A

.—--—--—--—--1

DUT AM Detector Option K21

!

@ _ . |
> oise Input .

| I

Figure 12-3 AM Noise System Block Diagram using an Agilent/HP 70429A Opt K21

HP 70427A HP 70420A

._II_II_II_II1 TN NN NN

DUT

Signal Input AM Noise Output
@ ignal Inpu oise Luipu Noise Input

Ill—ll—ll—ll—n. N O N NN

newd28.cdr

Figure 12-4 AM Noise System Block Diagram using an Agilent/HP 70427A
Downconverter

AM Detector

Ket i
POLARITY |
SWITGH ;
|
|
|

HP 33330C AM

|
|
|
\
|
|
1
RFINPUT —»| DIODE |- o o +— DETECTOR
DETECTOR | | | ouTPUT
i |
|
} 511 * 10n \
1 2600 uF at |
|
| A VA v

25v

Figure 12-5 AM Detector Schematic

AM Detector Specifications
Detector type low barrier Schottky diode
Carrier frequency range 10 MHz to 26.5 GHz

Maximum input power +23 dBm
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Minimum input power 0 dBm

Output bandwidth 1 Hz to 40 MHz

AM Detector Considerations

The AM detector consists of an Agilent/HP 33330C Low-Barrier
Schottky Diode Detector and an AM detector filter (Agilent/HP 70429A
K21).

The detector, for example, is an Agilent/HP 33330C Low-Barrier
Schottky-Diode Detector. The Schottky detectors will handle more
power than the point contact detectors, and are equally as sensitive and
quiet.

The AM detector output blocking capacitor in the Agilent/HP 70429A
Option K21, 70420A Option 001, or 70427A prevents the dc voltage
component of the demodulated signal from saturating the system’s low
noise amplifier (LNA). The value of this capacitor sets the lower
frequency limit of the demodulated output.

Carrier feedthrough in the detector may be excessive for frequencies
below a few hundred megahertz. The LNA is protected from saturation
by the internal filters used to absorb phase detector feedthrough and
unwanted mixer products. This limits the maximum carrier offset
frequency to:

Table 12-1 Maximum Carrier Offset Frequency

Carrier Frequency Offset Frequency
=250 kHz 100 MHz
250 MHz 20 MHz
25 MHz 2 MHz
=500 kHz 200 kHz
=50 kHz 20 kHz

The ac load on the detector is 50 ohms, set by the input impedance of the
LNA in the test system. The 50 ohm load increases the detector
bandwidth up to than 100 MHz.

The Agilent/HP 70420A phase noise test set must be dc blocked when
using its Noise Input or internal AM detector. The test set will not
tolerate more than + 2 mV DC Input without overloading the LNA. A

DC block must be connected in series after the AM Detector to remove
the dc component. The Agilent/HP 70429A Option K21 is designed
specifically for this purpose or the internal DC blocking filter in either

the Agilent/HP 70420A or Agilent/HP 70427A may be used.
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NOTE

NOTE

Calibration and Measurement General
Guidelines

Read This The following general guidelines should be considered when
setting up and making an AM-noise measurement.

® The AM detector must be well shielded from external noise especially
60 Hz noise. The components between the diode detector and the test
system should be packaged in a metal box to prevent RFI interference.

The internal detectors in the Agilent/HP 70420A Option 001 and Agilent/HP
70427A, along with the Agilent/HP 70429A Option K21 provide this level
of protection.

Also, the AM detector should be connected directly to the test system if
possible, to minimize ground loops. If the AM detector and test system
must be separated, semi-rigid cable should be used to keep the shield
resistance to a minimum.

¢ Although AM noise measurements are less vulnerable than residual
phase-noise measurements to noise induced by vibration and
temperature fluctuation, care should be taken to ensure that all
connections are tight and that all cables are electrically sound.

® The output voltage monitor on the AM detector must be disconnected
from digital voltmeters or other noisy monitoring equipment before
noise measurement data is taken.

° The% noise floor of the detector may degrade as power increases above
+15 dBm. Noise in thér region of the detector is best measured with
about +10 dBm of drive level. The noise floor is best measured with
about +20 dBm of drive level.

®* An amplifier must be used in cases where the signal level out of the
DUT is too small to drive the AM detector or is inadequate to produce a
low enough measurement noise floor. In this case the amplifier should
have the following characteristics.

¢ |t should have the lowest possible noise figure, and the greatest possible
dynamic range.

® The signal level must be kept as high as possible at all points in the test
setup to avoid noise floor degradation.

® |t should have only enough gain to get the required signal levels. Excess
gain leads to amplifiers operating in gain compression, increasing their
likelihood of suppressing the AM noise to be measured.
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®* The amplifier's sensitivity to power supply noise and the supply noise
itself must both be minimized.
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Method 1:
User Entry of Phase Detector Constant

Method 1, example 1 Advantages
® Easy method of calibrating the measurement system
® Will measure DUT without modulation capability.

® Requires only an RF power meter to measure drive levels into the AM
detector.

® Fastest method of calibration. If the same power levels are always at the
AM detector, as in the case of leveled outputs, the AM detector
sensitivity will always be essentially the same.

® Super-quick method of estimating the equivalent phase detector
constant.

Disadvantages
® |tis the least accurate of the calibration methods.

® |t does not take into account the amount of power at harmonics of the
signal.

Procedure

1. Connect circuit as shown Figure 12-6 and tighten all connections. If
the Agilent/HP 70420A Option 001 or Agilent/HP 70427A is available,
use one of the connection diagrams describe@\M Noise
Measurement Block Diagrams” on page 12-3

HP 70420A

.—--—--—--—--1

DUT AM Detector -

|

! i

@—P ———>>— Noise Input .
I !

HP E5500
e5500d21.cdr
Rev. 1
12/10/97

Figure 12-6 User Entry of Phase Detector Constant AM Noise Measurement Setup
Method 1, Example 1

2. Measure the power which will be applied to the AM detector. It must be
between 0 and +23 dBm.
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AM Noise Measurement Fundamentals
Method 1: User Entry of Phase Detector Constant

Power Meter or
Spectrum
DUT Analyzer

O—{]

Figure 12-7 AM Noise Calibration Setup

3. Locate the drive level on the AM sensitivity graph (figure 3-5), and enter
the data.

4. Measure the noise data and interpret the results. The measured data will
be plotted as single-sideband AM noise in dBc/Hz.

NOTE The quadrature meter should be at zero volts due to the blocking capacitor at
the AM detector’s output.

Equivalent Phase Detector Constant vs. Detector Voltage vs. Input Power
.40

30 -+23

- +20

D e e e e e e e [ e e e

.20 /
15 /
———————————--——/—-—————-+15

.10
.09

.08
.07

/
05 /

L ____ L __|_lJJd-_J_1-
.04
.08 /

.02 0
A 15 2 3 4 5 6 .8 1.0 1.5 2.0

i o o | — — —] — )+ 10

Detector Input Power (dBm)

Approximate Equivalent Phase Detector Constant (V/rad)
(Detector Constant)

Diode Detector Voltage (Vdc)

Figure 12-8 AM Detector Sensitivity Graph
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AM Noise Measurement Fundamentals
Method 1: User Entry of Phase Detector Constant

Method 1, Example 2 Advantages

Easy method of calibrating the measurement system.
Will measure DUT without modulation capability.
Requires little additional equipment: only a voltmeter or an oscilloscope.

Fastest method of calibration. If the same power levels are always at the
AM detector, as in the case of leveled outputs, the AM detector
sensitivity will always be essentially the same.

Measures the AM detector gain in the actual measurement
configuration. Super-quick method of estimating the equivalent phase
detector constant.

Disadvantages

Has only moderate accuracy compared to the other calibration methods.

Procedure

1. Connect circuit as shown Figure 12-9 and tighten all connections. If

DUT

the Agilent/HP 70420A Option 001 or Agilent/HP 70427A is available,
use one of the connection diagrams describe@\ Noise
Measurement Block Diagrams” on page 12-3

Measure the power which will be applied to the AM detector. It must be
between 0 and +23 dBm.

HP 70420A

.—--—--—--—--1

AM Detector

|

! i

@—P ———>>— Noise Input .
| !

HP E5500
e5500d21.cdr
Rev. 1
12/10/97

Figure 12-9 User Entry of Phase Detector Constant AM Noise Measurement Setup
Method 1, Example 2

3. Measure the monitor output voltage on the AM detector with an

oscilloscope or voltmeter. Locate the diode detector’s dc voltage along
the bottom of the AM sensitivity graphir{gure 12-8 on page 12}9

Moving up to the diagonal calibration line and over, the equivalent
phase detector constant can then be read from the left side of the graph.
The measured data will be plotted as single-sideband AM noise in
dBc/Hz.
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AM Noise Measurement Fundamentals
Method 1: User Entry of Phase Detector Constant

HP 70420A

:_II_II_II_II1.

DUT AM Detector i !

@—P —————>>—— Noise Input !
Diode Voltage
Monitor Outpur

ﬁ HP E5500

e5500d24.cdr
DVM or Rev. 1

. 12/10/97
Oscilloscope /10f

Figure 12-10 Modulation Sideband Calibration Setup

4. Measure noise data and interpret the results.

NOTE The quadrature meter should be at zero volts due to the blocking capacitor at
the AM detector’s output.
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AM Noise Measurement Fundamentals
Method 2: Double-Sided Spur

Method 2, Example 1

DUT

Method 2: Double-Sided Spur

Advantages

Requires only one RF source (DUT)

Calibration is done under actual measurement conditions so all
non-linearities and harmonics of the AM detector are calibrated out. The
double-sided spur method and the single-sided-spur method are the two
most accurate methods for this reason.

Disadvantages

Required that the DUT have adjustable AM which may also be turned
off.

Requires the AM of the DUT to be extremely accurate; otherwise a
modulation analyzer, for manual measurement of AM sidebands is
required.

Procedure

1.

Connect circuit as shown kigure 12-1]1and tighten all connections. If
the Agilent/HP 70420A Option 001 or Agilent/HP 70427A is available,
use one of the connection diagrams describedM Noise
Measurement Block Diagrams” on page 12-3

HP 70420A

.—--—--—--—--1

AM Detector

|

! i

@—P ———>>— Noise Input .
| !

HP E5500
e5500d21.cdr
Rev. 1
12/10/97

Figure 12-11 Double-sided Spur AM Noise Measurement Setup Method 1, Example 1

2. Measure the power which will be applied to the AM detector. It must be

between 0 and +23 dBm.

Measure the carrier-to-sideband ratio of the AM at the AM detector’s
input with an RF spectrum analyzer or modulation analyzer. The source
should be adjusted such that the sidebands are between —30 and —60 dB
below the carrier with a modulation rate between 10 Hz and 20 MHz.
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AM Noise Measurement Fundamentals
Method 2: Double-Sided Spur

NOTE The carrier-to-sideband ratis% for AM is:

C _ 5piogREreentAMy _ o in

sb 90 100 O~
Modulation
Source Analyzer

& —

NewdBa.cdr

Figure 12-12 Measuring the Carrier-to-Sideband Ratio

4. Reconnectthe AM detector and enter the carrier-to-sideband ratio and
modulation frequency.

HP 70420A

.—--—--—--—--1

DUT with AM |
Modulation AM Detector :

I
@—P ————>>—— Noise Input
l

HP E5500
e5500d26.cdr
Rev. 1
12/10/97

Figure 12-13 Measuring the Calibration Constant

5. Measure the AM detector calibration constant.
6. Turn off AM.

7. Measure noise data and interpret the results.

NOTE The quadrature meter should be at zero volts due to the blocking capacitor at
the AM detector’s output.
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AM Noise Measurement Fundamentals
Method 2: Double-Sided Spur

Method 2, Example 2 Advantages
® Will measure source without modulation capability

® Calibration is done under actual measurement conditions so all
non-linearities and harmonics of the AM detector are calibrated out. The
double-sided spur method and the single-sided-spur method are the two
most accurate methods for this reason.

Disadvantages

® Requires a second RF source with very accurate AM modulation and
output power sufficient to match the DUT. If the AM modulation is not
very accurate, a modulation analyzer must be used to make manual
measurement of the AM sidebands.

Procedure

1. Connect circuit as shown Figure 12-14and tighten all connections. If
the Agilent/HP 70420A Option 001 or Agilent/HP 70427A is available,
use one of the connection diagrams describedM Noise
Measurement Block Diagrams” on page 12-3

HP 70420A

.—--—--—--—--1

DUT AM Detector -

|

! i

@—P ———>>— Noise Input .
| !

HP E5500
e5500d21.cdr
Rev. 1
12/10/97

Figure 12-14 Double-sided Spur AM Noise Measurement Setup Method 1, Example 2

2. Measure the power which will be applied to the AM detector. It must be
between 0 and +23 dBm.

DUT

POWER METER
OR
RF SPECTRUM
ANALYZER

Figure 12-15 Measuring Power at the AM Detector
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AM Noise Measurement Fundamentals
Method 2: Double-Sided Spur

3. Using a source with AM, set its output power equal to the power
measured in step 2. The source should be adjusted such that the
sidebands are between —30 and —60 dB below the carrier with a
modulation rate between 10 Hz and 20 MHz.

NOTE The carrier-to-sideband ratis% for AM is:

C _ rpercentAMy _
b - 20IogD 100 O- 6dB

To check the AM performance of the source, measure the
carrier-to-sideband ratio of the AM at the source output with a modulation
analyzer.

Modulation

Analyzer
Source y

& —

NewdBa.cdr

Figure 12-16 Measuring Carrier-to-Sideband Ratio

4. Enter the carrier-to-sideband ratio and offset frequency, then measure
the calibration constant.

HP 70420A

.—--—--—--—--1

Calibration Source
with AM
Modulation AM Detector

@—P Noise Input

HP E5500
e5500d28.cdr
Rev. 1
12/10/97

Figure 12-17 Measuring the Calibration Constant

5. Remove the AM source and reconnect the DUT.

6. Measure noise data and interpret the results.
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AM Noise Measurement Fundamentals
Method 2: Double-Sided Spur

NOTE The quadrature meter should be at zero volts due to the blocking capacitor at
the AM detector’s output.
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AM Noise Measurement Fundamentals
Method 3: Single-Sided-Spur

Method 3: Single-Sided-Spur

Advantages

Will measure source without modulation capability.

Calibration is done under actual measurement conditions so all
non-linearities and harmonics of the AM detector are calibrated out. The
double-sided spur method and the single-sided-spur method are the two
most accurate methods for this reason.

Disadvantages

Requires 2 RF sources, which must be between 10 Hz and 40 MHz apart
in frequency.

Requires an RF spectrum analyzer for manual measurement of the
signal-to-spur ratio and spur offset.

Procedure
1. Connect circuit as shown Figure 12-6 and tighten all connections. If
the Agilent/HP 70420A Option 001 or Agilent/HP 70427A is available,
use one of the connection diagrams describe@\M Noise
Measurement Block Diagrams” on page 12-3
HP 70420A
:_II_II_II_II1.
| :
DUT 20dB AM Detector : |
Q Coupler I i
{\J > > > Noise Input .
lXél III_II_II_II_I!
-10dB
Attenuator HP E5500

£

50Q

e5500d29.cdr
Rev. 1
12/10/97

Figure 12-18 AM Noise Measurement Setup Using Single-Sided-Spur

2.

Measure the power which will be applied to the AM detector. It must be
between 0 and +23 dBm.
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AM Noise Measurement Fundamentals
Method 3: Single-Sided-Spur

3. Measure the carrier-to-single-sided-spur ratio and the spur offset at the
input to the AM detector with an RF spectrum analyzer. The spur should
be adjusted such that it is between —30 and —60 dBc, with a carrier offset
of 10 Hz to 20 MHz.

-20dB
DUT COUPLER

I RF SPECTRUM
ANALYZER
-10db |
atten

CALIBRATION
- SOURCE

Figure 12-19 Measuring Relative Spur Level
4. Reconnect the AM detector and measure the detector sensitivity.

HP 70420A

.—--—--—--—--1

DUT -20dB AM Detector

Coupler
@ =|-' }><:§I > %ﬁ— Noise Input

; : -10dB
Calibration
HP E5500
Source Attenuator ©55000130.cdr

Rev. 1
( :: ) % 12/10/97

Figure 12-20 Measuring Detector Sensitivity

5. Turn off the spur source output.

6. Measure noise data and interpret the results.

NOTE The quadrature meter should be at zero volts due to the blocking capacitor at
the AM detector’s output.
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CAUTION

AM Noise Measurement Examples

What You'll Find in This Chapter

® “AM Noise using an Agilent/HP 70420A Option 001" on page 13-2
(AM_noise_1ghz_8644b.pnm)

To prevent damage to the Agilent/HP 70420A test set’s hardware
components, the input signadust notbe applied to the signal input
connector until the input attenuator has been correctly set for the desired
configuration, as show ifiable 13-2 on page 13-Apply the input signal
when theConnection Diagramappears.
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AM Noise Measurement Examples
AM Noise using an Agilent/HP 70420A Option 001

CAUTION

NOTE

AM Noise using an Agilent/HP 70420A
Option 001

This example demonstrates the AM noise measurement of an

Agilent/HP 8662A Signal Generator using the AM detector in the
Agilent/HP 70420A Option 001 Phase Noise test set. For more information
about various calibration techniques, refetoapter 12, “AM Noise
Measurement Fundamentals”

This measurement uses the double sided spur calibration method.

The measurement of a source with amplitude modulation capability is
among the simplest of the AM noise measurements. The modulation
sidebands used to calibrate the AM detector are generated by the DUT.
Required Equipment

To prevent damage to the Agilent/HP 70420A test set’s hardware
components, the input signalust notbe applied to the signal input
connector until the input attenuator has been correctly set for the desired
configuration, as show ifiable 13-2 on page 13-Apply the input signal
when theConnection Diagramappears.

The following equipment is required for this example in addition to the
phase noise test system and your unit-under-test (UUT).

To ensure accurate measurements, you should allow the UUT and
measurement equipment to warm up at least one hour before making the
noise measurement.

Table 13-1 Required Equipment for the AM Noise
using the Agilent/HP 70420A Option
001 Measurement Example

Equipment Quantity Comments
Agilent/HP 8644B 1
Coax Cables And adequate adapters to connect

the UUT and reference source to
the test set.

The following is the configuration used for an AM noise measurement.
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Defining the

Measurement

AM Noise Measurement Examples
AM Noise using an Agilent/HP 70420A Option 001

HP 70420A Opt 001

.—--—--—--—--1

DUT

@ Signal Input

newd27a.cdr

From theFile menu, choos©pen.

Edit View Define Meas

Cirl+M
Enh... Cirl+0

Save Chil+5

Save fz...

Ex=port Results 3

Frint... Chil+F
Frint Prewview
Frint Setup...

Send...

1 Confidence. pnm

2 FreeRF.pnm

3 MicroSRC. pnm

4 Residual pnm

B RFSynth_EFC.pnm
E Moize_1.pnm

7 Moize_2 pnm

8 Moize_3.pnm

Exit

If necessary, choose the drive or directory where the file you want is
stored.

In theFile Namebox, choose AM_noise_1ghz_8644b.pnrh

Open 21=]
Lookin. |/ HP ES500 =l ==
Odbper1 |#] EBnaise_withaut_testset E1430 BT
Odbperhz @ BEnoize_without_testzet_PCDig @ fr
AM_noize_1ghz_B8644b @ conf_8644b_10mhz fr
AMnaise_001_int_cal |#] conf_2663a_10mhz #F
BEnoize_with_testzet @ Conf_Sighien_10mMHz @ F
BEnoize_without_testzet_83410 @ Confidence @ b
. O b
File name: IAM_noise_‘I ghz_8E44b Open I

Filez of type: IHP EB500 Measurement Files [*. pnm) j Cancel |

Choose th®©K button. The appropriate measurement definition
parameters for this example have been pre-stored in this file.

(Table 13-3 on page 13-1i3ts the parameter data that has been entered
for this measurement example.)
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NOTE

!;Ei AM_noise_1ghz_8644b - HP

File Edit “iew Meazure

Edit the current measurement paranme

0 EE FFT Segment HP E5500 [X]

A0 ---- Swept Segmer

AM Noise Measurement Examples
AM Noise using an Agilent/HP 70420A Option 001

The amplitude of a source under system control, for an AM noise
measurement, will automatically be set to +10 dBm. If any other amplitude
is desired, the source should be placed under manual control. All other
measurements set the source to +16 dBm automatically.

The appropriate measurement definition parameters for this example
have been pre-stored in this filéable 13-3 on page 13-1ts the
parameter data that has been entered for the FM Discriminator
measurement example.)

5. From theDefine menu, choos&leasurement then choose th&ype
and Rangetab from theDefine Measurementwindow.

a. From the Measurement Type pull-down, sekskt Noise.

E5500 Phase Hoize Measurement Subsystem M= 3
Analyze  Spsterm  Help

> : — || B
hj=|d é Limit Lines... | X 3' QI — E”
Security Level.. |Absolute Phase Noise Measurement

Type and Range

k. Diagram TestSetI Downconverterl Graphl

vpe to Measurement Type

— Offzet Frequency R ange
Start Offset I‘ID Hz Stop Offset |1DDE+B Hz
FFT Analyzer Minimum Mumber of Averages |1 1]
—FFT GQuality Define Custom Segment Table
& Nomal " Fast " High Resolution ¢ Custom FFT |
— Swept Quality
' Nomal ' Fast " High Resolution ¢ Custom Swept |

|
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AM Noise Measurement Examples
AM Noise using an Agilent/HP 70420A Option 001

6. Choose th&ourcestab from theDefine Measurementwindow.

a. Enter the carrier (center) frequency of your UUT. Enter the same
frequency for the detector input frequency.

HF ES500 E
Type and Range  Source | Cal I Block. Diagraml Test Setl Downconverterl Graph I

A Moise

Carrier Source
Frequency |1E+9 Hz! Power I‘ID dBm
Carrier Source Output js-etnnected ta: & Test Set ' Downconverter

/D@; Input
Frequency |1 E+3 9

|

7. Choose th€al tab from theDefine Measurementwindow.

a. SelectJse automatic internal self-calibrationas the calibration
method. For more information about various calibration technigues,
refer toChapter 12, “AM Noise Measurement Fundamentals”

HF ES500 E
Type and Hangel Source  Cal | Block. Diagraml Test Setl Downconverterl Graph I
A Moise
— Detecto

& {Ise internal automatic self-calibratior:

urrent detector constant
" Derive detector constant from double - sided spur

" Derive detector constant from single - sided spur

Current Phase Detector Constant IBD_D?E-B Wolts / Fad

— Konown Spur P.

Qffset Frequency ID Hz Amplitude IU dBc

= Ealitration Saurse

c|hl,.%k| I[none] 'l Frequersy ISDDE+B Rz Eawer f10 b
Aszzet Manager |

|
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AM Noise Measurement Examples
AM Noise using an Agilent/HP 70420A Option 001

8. Choose th&lock Diagram tab from theDefine Measurement
window.

a. From thePhase Detectompull-down, selecAM Detector.

HF ES500 E
Type and Hangel Sourcel Cal Block Diagram | Test Setl Downconverterl Graph I
A Moise

— Source AM Detector
én I[manual] j ITest Set Ak Detector _/}>

— Diown Converter

I[none]

@ None ' Manual " System Control

Aszzet Manager |

Cloze | Help |

9. Choose th&raph tab from theDefine Measurementwindow.

a. Enter a graph description of your choice.

HP E5500 B
Type and Hangel Sourcel Cal I Elack Diagraml TestSetI Downconverter  Graph |
AM noise

Title IAM nioize measurement of an RF signal ) j

Graph Type ) THzZ j

4 Scale

Minirnurn |1U Hz  taximum |1UDE+B Hz Scale Graph To Data |

' Scale for AM Noise

b axinmum IU dBc / Hz
Minimum  |-180 dBc / Hz
Mommalize trace data to a |1 Hz bandwidth

Scale trace data to a new carier frequency of times the current carier frequency.

|1_
Shift trace data by ID dB

Trace Smoothing Amount ID 3:
ID dBm

Power present at input of DUT

Dizplay Ereferencesl
|

10. When you have completed these operations, cliciCtbsebutton.
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AM Noise Measurement Examples
AM Noise using an Agilent/HP 70420A Option 001

Beginning the 1. From theMeasurementmenu, choosélew Measurement
Measurement

!;Ei Confidence_pnm - HP E5500 Phase Noize Measuremen
File Edit “iew Define

D|=|E| 2|
Bepeat Measzurement

Abort Measurement
Fieal-Time Monitor

Analyze  Spsterm  Help

v Clear Graph before measurement
v Pauze at Connect Diagram

2. When thePerform a New Calibration and Measurementdialog box
appears, clicloK.

HP E5500 [X]

& Perfarm a Mew Calibration and Measurement?

Cancel |

3. When theConnect Diagramdialog box appears, click on the hardware
down arrow and select your hardware configuration from the pull-down
list.

Confirm your connections as shown in the connect diagram. At this time
connect your UUT and reference sources to the test set. The input
attenuator (Option 001 only) has now been correctly configured based
on your measurement definition.

CAUTION The Agilent/HP 70420A test set’s signal input is subject to the following
limits and characteristics:

Table 13-2 Agilent/HP 70420A Test Set Signal Input Limits and Characteristics

Limits

Frequency 50 kHz to 1.6 GHz (Std)
50 kHz to 26.5 GHz (Option 001)
50 kHz to 26.5 GHz (Option 201)

Maximum Signal Input Power Sum of the reference and signal input
power shall not exceed +23 dBm

At Attenuator Output, Operating Level

Range:
« RF Phase Detectors 0 to +23 dBm (Signal Input)

+15 to +23 dBm (Reference Input)
* Microwave Phase Detectors 0 to +5 dBm (Signal Input)

+7 to +10 dBm (Reference Input)
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AM Noise Measurement Examples
AM Noise using an Agilent/HP 70420A Option 001

Table 13-2 Agilent/HP 70420A Test Set Signal Input Limits and Characteristics

¢ Internal AM Detector 0 to +20 dBm

* Downconverters:

Agilent/HP 70422A +5t0 +15 dBm
Agilent/HP 70427A 0to +30 dBm
CAUTION:

To prevent damage to the Agilent/HP 70420A test set’'s hardware components,
the input signal must not be applied to the test set’s signal input connector until
the input attenuator (Option 001) has been correctly set by the phase noise
software, which will occur at the connection diagram.

Characteristics:
Input Impedance 50 ohm Nominal
AM Noise dc coupled to 50 ohm load

HP E5500 Instrument Connections

Werify Connections
Dec 17,1937 17:05:06

DUT
TUNE

y oo =55 0)

ool e O
o G- O

hardware: |xlwiil

— Control Panel

EFT &nalyzer Swept Analyzer | TestSet | Wowncanyerter | Bhiase Shifter |

[Earien Saumze | Eeference Sourcel Fresidua Saumze | [Calibratian Sourcel Erequerncy Eounterl

— Tuning Yoltage

ID 3: - I‘ID -
Center Wolts  Range +/ WVolts ’WI Abort | el |

Figure 13-1 Connect Diagram for the AM Noise Measurement

4. Refer to the following system connect diagram example for more
information about system interconnections:
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Making the
Measurement

When the
Measurement is
Complete

AM Noise Measurement Examples
AM Noise using an Agilent/HP 70420A Option 001

Connect Diagram Example

DUT

HP 70001A MAINFRAME
HP 70420A/001
HP 70422A

To HP 70420A
Rear Panel
Noise Source Input

Jr
|
¢

COMPUTER — [o
N

Digitizer
Output

HP E4411A

‘E Digitizer SPECTRUM ANALYZER
Input X
| |
= o |
= < HP1E > o
00 0Gog ma EEESE

1. press th€ontinue key when you are ready to make the measurement.

For more information about various calibration techniques, refer to
Chapter 12, “AM Noise Measurement Fundamentals”

The system is now ready to make the measurement. The measurement
results will be updated on the computer screen after each frequency segment
has been measured.

When the measurement is complete, refeChapter 15, “Evaluating Your
Measurement Result$dr help in evaluating your measurement results.

Figure 13-2shows a typical AM noise curve.
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AM Noise Measurement Examples
AM Noise using an Agilent/HP 70420A Option 001

!;Ei AMnoize_001_int_cal - HP E5500 Phase Noize Measurement Subsystem

File Edit “iew Define Measure Analyze System Help

0||d| 8|3 Oi%|e| x|6| 4 = of & ¥
AM noise measurement of an RF signal
HP E5S00_Carier: 600E+6 Hz 29 Dec 1957 13:28:13-1329:12

101

For Help, press F1 [LocaL [IoLE i

Figure 13-2 Typical AM Noise Curve.

Table 13-3 Parameter Data for the AM Noise using an Agilent/HP 70420A Option

001
Step Parameters Data
1 Type and Range Tab
¢ Measurement Type * AM Noise
» Start Frequency 10 Hz
¢ Stop Frequency 100 E+ 6 Hz
* Averages 4
¢ FFT Quality Fast
« Swept Quality Fast
2 Sources Tab
e Carrier Source Frequency 600 E + 6 Hz
e Carrier Source Power 20 dBm
¢ Carrier Source Output is Test Set
connected to: 600 E +6 Hz

» Detector Input Frequency

3 Cal Tab
¢ Detector Constant
¢ Known Spur Parameters
Offset Frequency
Amplitude

Use internal automatic self-calibration

1Hz
-130 dBc
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AM Noise Measurement Examples
AM Noise using an Agilent/HP 70420A Option 001

Table 13-3 Parameter Data for the AM Noise using an Agilent/HP 70420A Option

001
Step Parameters Data
4 Block Diagram Tab
e Source ¢ Manual
* AM Detector * TestSet AM Detector
* Down Converter * None
5 Test Set Tab
¢ Input Attenuation ¢ Auto checked
¢ LNA Low Pass Filter ¢ Auto checked
¢ LNA Gain ¢ Auto Gain
¢ Detector Maximum Input
Levels . 0dBm
Microwave Phase Detector . 0dBm
RF Phase Detector « 0dBm
AM Detector « Not checked
 Ignore out-of-lock conditions « Not checked
* Pulsed Carrier « Not checked
* DC Block « Baseband
« Analyzer View . 0.00dBm
¢ PLL Integrator Attenuation
6 Dowconverter Tab « Does not apply to this measurement example.
7 Graph Tab
e Title * AM Noise Measurement of an RF Signal
¢ Graph Type * AM Noise (dBc/Hz)
¢ X Scale Minimum e 10 Hz
¢ X Scale Maximum e 100E + 6 Hz
¢ Y Scale Minimum e 0dBc/Hz
¢ Y Scale Maximum e -180 dBc/Hz
« Normalize trace data to a: ¢ 1 Hz bandwidth
« Scale trace data to a new « 1 times the current carrier frequency
carrier frequency of:
* Shift trace data DOWN by: . 0dB
e Trace Smoothing Amount .0

» Power present at input of DUT  , ggp
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Baseband Noise Measurement Examples

What You'll Find in This Chapter

¢ Baseband Noise using a Test Set Measurement Exampleage 14-2

¢ Baseband Noise without using a Test Set Measurement Example
page 14-6
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Baseband Noise Measurement Examples
Baseband Noise using a Test Set Measurement Example

NOTE

Defining the

Measurement

Baseband Noise using a Test Set Measurement
Example

This measurement example will help you measure the noise voltage of a
source.

To ensure accurate measurements, you should allow the UUT and
measurement equipment to warm up at least one hour before making the
noise measurement.

1. From the File menu, choose Open.

Edit Wiew Define Meas
Cirl+M
Cirl+0

Ex=port Results 3

Frint... Chil+F
Frint Prewview
Frint Setup...

Send...

1 Confidence. pnm

2 FreeRF.pnm

3 MicroSRC. pnm

4 Residual pnm

B RFSynth_EFC.pnm
E Moize_1.pnm

7 Moize_2 pnm

8 Moize_3.pnm

Exit

2. If necessary, choose the drive or directory where the file you want is
stored.

3. Inthe File Name box, choose “BBnoise_with_testset.pnm.”

Open HE
Lookjn: |23 HP EB500 =l g' |_

Odbperhz pom @ conf_8644h_10mhz pnm
@ conf_8663a_10mhz . pnm
oy st @ Conf_SigGen_10MHz pnm
BBnoise_without_testset_59410 pnm @ Confidence pnm
BBnoise_without_testset_E1430 pnm @ Demobode prom
BBnoise_without_testzet_PCDig prm

L [—| i

File name: IBBnoise_with_testset.pnm Open I
Files of lpe: IHP E&500 Measurement Files (% prm) j Cancel |
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4. Choose the OK button. The appropriate measurement definition
parameters for this example have been pre-stored in thisTedl¢ on
page 14-}lists the parameter data that has been entered for this
measurement example.) a Test Set Measurement

Beginning the 1. From theMeasurementmenu, choostlew Measurement
Measurement

!;Ei Confidence_pnm - HP E5500 Phase Noize Measuremen
File Edit “iew Define i

D|=|E| 2|

Analyze  Spsterm  Help

nent

Bepeat Measurement
Abort Measurement
Fieal-Time Monitor

v Clear Graph before measurement
v Pauze at Connect Diagram

2. When thePerform a New Calibration and Measurementdialog box
appears, clicloK.

HP E5500 [X]

& Perfarm a Mew Calibration and Measurement?

Cancel

:

3. When the Connect Diagram appears on the computer’s display, click on
the hardware down arrow and select “HP 70420A option 001 test set
only” from the pull-down list.

HP E5500 Instrument Connections

OUTPU
@

=)
R

(LI P o & more accurate drawing, sele: et and downconverter from this list,

Figure 14-1 Connect Diagram for the Baseband using a Test Set Measurement
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Making the 1. press the Continue key.

Measurement Figure 14-2 on page 14-€hows a typical phase noise curve for a baseband
noise measurement using a test set.

!;Ei Baseband Hoise using a Test Set - HP E5500 Phase Hoise Measurement Subsystem !E[ E
File Edit “iew Define Measure Analyze System Help

D[=(8| 8| & K[®le| x|E] m@ o] 2| K
HP E5300 i i i 2.9 Diec 1927 13:4?:39-13:50:41 i

Baseband Moise using a Test Set

-
100 1K 10K 100 1M 10ML
v Svif) [dBV (Hz] vs f [Hz] Hont
A new measurement has been loaded into the server. |LoCaL [IoLE i

Figure 14-2 Typical Phase Noise Curve for a Baseband using a Test Set Measurement.

Parameter Data for the Baseband using

Ste Parameters Data
p
1 Type and Range Tab
* Measurement Type « Baseband Noise (using a test set)
» Start Frequency e 10 Hz
* Stop Frequency ¢ 100E+6Hz
* Averages e 4
e Quality e Fast
2 Cal Tab
¢ Gain preceding noise input - 0dB
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Baseband Noise using a Test Set Measurement Example

Ste Parameters Data
p
3 Block Diagram Tab
« Noise Source » Test Set Noise Input
4 Test Set Tab
Input Attenuation « 0dB
LNA Low Pass Filter e 20 MHz (Auto checked)
¢ LNA Gain ¢ Auto Gain (Minimum Auto Gain - 14 dB)
« DC Block * Not checked
¢ PLL Integrator Attenuation ¢ 0dBm
5 Graph Tab
« Title « Baseband using the Agilent/HP 70420A Test Set

* Graph Type

¢ X Scale Minimum

¢ X Scale Maximum

¢ Y Scale Minimum

¢ Y Scale Maximum

* Normalize trace data to a:

« Scale trace data to a new
carrier frequency of:

¢ Shift trace data DOWN by:
¢ Trace Smoothing Amount
« Power present at input of DUT

« Baseband Noise (dBV)

* 10Hz

« 100E+6Hz

e 0dBc/Hz

e -200dBV/Hz

¢ 1 Hz bandwidth

« 1 times the current carrier frequency

« 0dB
« 0
« 0dB
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Baseband Noise without using a Test Set Measurement
Example

This measurement example will help you measure the noise voltage of a
source.

NOTE To ensure accurate measurements, you should allow the UUT and
measurement equipment to warm up at least one hour before making the
noise measurement.

Defining the 1. From the File menu, choose Open.
Measurement

Edit Wiew Define Meas
Cirl+M
Cirl+0

Save fz...
Ex=port Results 3

Frint... Chil+F
Frint Prewview
Frint Setup...

Send...

1 Confidence. pnm

2 FreeRF.pnm

3 MicroSRC. pnm

4 Residual pnm

B RFSynth_EFC.pnm
E Moize_1.pnm

7 Moize_2 pnm

8 Moize_3.pnm

Exit

2. If necessary, choose the drive or directory where the file you want is
stored.

3. Inthe File Name box, choose “BBnoise_without_testset 89410.pnm”.

Open ﬂ E
Lookjn: |23 HP EB500 =l | ﬁz| B
Odbperhz pom @ conf_8644h_10mhz pnm
AM_noize_1ghz_S644h pnm @ conf_8663a_10mhz . pnm
BBnoise_with_testset pnm @ Conf_SigGen_10MHz pnm

BBnoise_without_tes it @ Confidence pnm
BBnoise_without_testset_E1430 pnm @DemoMode.pnm
BBnoise_without_testzet_PCDig prm

L [—| i

File name: IBBnoise_without_testset_8941 0.prim Open I
Files of lpe: IHP E&500 Measurement Files (% prm) j Cancel |
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Baseband Noise without using a Test Set Measurement Example

4. Choose the OK button. The appropriate measurement definition
parameters for this example have been pre-stored in thisTedl¢ on
page 14-}lists the parameter data that has been entered for this
measurement example.) a Test Set Measurement

Beginning the 1. From theMeasurementmenu, choostlew Measurement

Measurement

!;Ei Confidence_pnm - HP E5500 Phase Noize Measuremen
File Edit “iew Define i Spstem  Help

D|=|E| 2|

Analyze

nent
Bepeat Measurement
Abort Measurement
Fieal-Time Monitor

v Clear Graph before measurement
v Pauze at Connect Diagram

2. When thePerform a New Calibration and Measurementdialog box
appears, clicloK.

HP E5500 [X]

& Perfarm a Mew Calibration and Measurement?

Cancel |

Making the 3. When the Connect Diagram appears on the computer’s display, click on

Measurement the Continue button.

HP E5500 Instrument Connections

OUTPUT INPUT

Figure 14-3 Connect Diagram for the Baseband using a Test Set Measurement
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Figure 14-4 on page 14-€hows a typical phase noise curve for a baseband
noise measurement without using a test set.

!;Ei Baseband Hoise without using a Test Set (89410) - HP E5500 Phase Hoise Measuremen... !E[ E

File Edit “iew Define Measure Analyze System Help

D[=(8| 8| & K[®le| x|E] m@ o] 2| K

%

Baseband Moise without using a Test Set (59410)

=
=
TTTTT

HP E5500 20 Dec 1997 14:03:17 - 14:03:49

A new measurement has been loaded into the server. |LoCaL [IoLE i

100 1K 10K 100K 18 1008
Svify [dBYV iHz] ws f [Hz]

Figure 14-4 Typical Phase Noise Curve for a Baseband without using a Test Set

Measurement.

Table 14-1 Parameter Data for the Baseband without using a Test Set Measurement

Ste Parameters Data
p
1 Type and Range Tab
* Measurement Type « Baseband Noise (without using a test set)
e Start Frequency e 10 Hz
* Stop Frequency ¢« 100E+6Hz
* Averages e 4
¢ Quality * Normal
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Baseband Noise without using a Test Set Measurement Example

Ste Parameters Data
p
2 Cal Tab
« Gain preceding noise input - 0dB

3 Block Diagram Tab
* Noise Source » Test Set Noise Input

5 Graph Tab

« Title « Baseband Noise without using a Test Set

¢ Graph Type « Baseband (dBV)

¢ X Scale Minimum e 10 Hz

¢ X Scale Maximum e 100 E+ 6 Hz

¢ Y Scale Minimum e 0dBc/Hz

¢ Y Scale Maximum e -200 dBV/Hz

* Normalize trace data to a: ¢ 1 Hz bandwidth

« Scale trace data to a new « 1 times the current carrier frequency
carrier frequency of:

¢ Shift trace data DOWN by: . 0dB

« Trace Smoothing Amount .« 0

» Power present at input of DUT  , ggp
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15

Evaluating Your Measurement Results

What You'll Find in This Chapter

This chapter contains information to help you evaluate and output the results
of your noise measurements. To use the information in this chapter, you
should have completed your noise measurement, and the computer should be
displaying a graph of its measurement results. Storing the measurement
results in the Result File is recommended for each measurement.

To help you reference directly to the information you need, this chapter has
been organized into three sections:

¢ Evaluating the Results page 15-2 -- Refer here for information that
will help you confirm the validity of your measurement results.

¢ OQutputting the Results, page 15-7 -- Refer here for information about
the graphics and hard copy functions.

®* Problem Solving page 15-13 -- Refer here for help in solving specific
problems on the noise graph.
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Evaluating the Results

This section contains information that will help you evaluate the results of
your measurement. The purpose of the evaluation is to verify that the noise
graph accurately represents the noise characteristics of your unit-under-test
(UUT). At this point, you should have a graph showing the results of your
measurement. The following steps provide an overview of the evaluation
process.

® Look for obvious problems on the graph such as discontinuity (breaks).
Compare the graph against known or expected data.

* |f necessary, gather additional data about the noise characteristics of the
UUT.

HMOISE CURVE SHOWING OBVIOUS PROBLEMS
CarriBr: 488,.E+E Hz 12 Jan 1987 PB9:52:26 — d9:54:56

HIGH SMALL -
.- ANGLE NOISE -

HIGH NOISE

L{F) [dBorHzl wes fLHz] L

Figure 15-1 Noise Plot Showing Obvious Problems

Looking For Obvious
Problems

Some obvious problems on a graph are as follows:

Discontinuities or breaks in the graph.

A higher than expected noise level.

Spurs that you cannot account for.

Noise that exceeds the small angle criterion line (dc(8 graph).

“Noise Plot Showing Obvious Problems” on page 1pr8vides a graphical
example of these problems. If one or more of these problems appear on your
graph, refer to the Problem Solving section for recommended actions.
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Expected Data

Evaluating Your Measurement Results
Evaluating the Results

If none of the problems shown appear on your graph, there still may be
problems or uncertainties that are not obvious at first glance. These
uncertainties can be evaluated by comparing your measurement results
against the following data:

The noise characteristics expected for your unit-under-test.
The noise floor and accuracy specifications of the phase noise test
system.

® The noise characteristics of the signal source used as the reference
source.

The Unit-Under-Test

If you are testing a product for which published specifications exist,

compare the measurement results against the noise and spur characteristics
specified for the product. If the product is operating correctly, the noise
graph provided by the phase noise system should be within the noise limits
specified for the product.

If the device is a prototype or breadboard circuit, it may be possible to
estimate its general noise characteristics using the characteristics of a similar
type of circuit operating in a similar manner.

The Reference Source

It is important that you know the noise and spur characteristics of your
reference source when you are making phase noise measurements. (The
noise measurement results provided when using this technique reflect the
sum of all contributing noise sources in the system.)

The best way to determine the noise characteristics of the reference source is
to measure them. If three comparable sources are available, the Three Source
Comparison technique can be used to determine the absolute noise level of
each of the three sources. If you are using as your reference source, a source
for which published specifications exist, compare your measurement results
against the noise and spur characteristics specified for that source.

If you have obtained an actual (measured) noise curve for the reference
source you are using, you can use it to determine if your measurement
results have been increased by the noise of the reference source. To do this,
determine the difference (in dB) between the level of the results graph and
that of the reference source. Then use the graph shoWaraph Showing

How Much to Decrease Measured Noise to Compensate for Added
Reference Source Noise.” on page l®Setermine if the measurement
results need to be decreased to reflect the actual noise level of the UUT.
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For example, applying the 7 dB difference in noise levels, shown in
“Example Comparison of Measurement Results and Reference Source
Noise.” on page 15-4t 10 kHz, to the graph, reveals that the measured
results should be decreased by about 1 dB at 10 kHz to reflect the actual
noise of the UUT.

MEASURED MNOISE YERSUS REFEREMCE SCQURCE MOISE
@ [hpl Carrier: 10.E+6 Hz 12 Jan 1867 19:07:84 - 19:12:33

MEASURED REFERENCE
SOURCE NOISE

1@ £ (f1 [dBocsHzl ws fCHz1] 126K

Figure 15-2 Example Comparison of Measurement Results and Reference Source
Noise.
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w
[~

/,

—
.
[N

. \\

- \\‘\_ﬂk

INCREASE DUE TO
REFERENCE NOISE (dB)

1 2 3 4 5 6 7 8 9 1011 12 13 14 15

AMOUNT MEASURED LEVEL
EXCEEDS REFERENCE LEVEL (dB)

Figure 15-3 Graph Showing How Much to Decrease Measured Noise to Compensate
for Added Reference Source Noise.
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Gathering More Data

Repeating the
Measurement

Doing More Research

Gathering More Data

Making phase noise measurements is often an iterative process. The
information derived from the first measurement will sometimes indicate that
changes to the measurement setup are necessary for measuring a particular
device. When you make changes to the measurement setup (such as trying a
different signal source, shortening cables, or any other action recommended
in “Problem Solving” on page 15-)3repeating the measurement after each
change allows you to check the effect that the change has had on the total
noise graph.

To repeat a measurement, on Measurementmenu, clickRepeat
Measurement

!;Ei Confidence Test using HP 8644B Int vs Ext 10 MHz - HP E5500 Phase Hoise Measuremen... !E[ E

Cl Analyze System  Help

File: Wiewe  Define JE

% R eazurement

Abort Measurement
HP ES500_Camier: 1 e Time Monitor 11997 15:13:53 - 15:21:04

N -[ Don't Automatically Clear Graph.
+ # Pause at Connect Diagramm

=]
=
AN NN

100 1K 10K 100K 18
Lify [dBcfHz] ws f [Hz]

Fepeat the Curent measurement |LoCaL [IoLE o

If you are still uncertain about the validity of the measurement results, it may
be necessary to do further research to find other validating data for your
measurement. Additional information (such as typical noise curves for
devices similar to the unit-under-test or data sheets for components used in
the device) can often provide insights into the expected performance of the
unit-under-test.
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Using a Printer

Outputting the Results

This section describes the software’s capabilities for generating a printed
hardcopy of your test results. You must have a printer must be connected to
the computer to generate hard copies.

To print the phase noise graph, along with parameter summary data:

On theFile menu, clickPrint .

!;Ei Untitled - HP ES500 Phase Moise Measurement Subsystem

Edit Wiew Define Measure Analpze Swestem  Help

New Cirl+t

Open... Chil+0 él 3' @I E”
Save Chil+5

Save fz...

Ex=port Results 3

Frint... Chil+F

Frint Prewview
Frint Setup...

Send...

Exit
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Graph of Results

Graph of Results

The Graph of Results functions are accessed from the main graph menu, and
are used to display and evaluate the measurement results. This screen is
automatically displayed as a measurement is being made. You can also load
a result file using the File System functions, and then display the results.

The following functions are available to help you evaluate your results:
® Marker, page 15-9
® Omit Spurs, page 15-10

® Parameter Summary, page 15-12
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Evaluating Your Measurement Results
Graph of Results

The marker function allows you to display the exact frequency and
amplitude of any point on the results graph. To access the marker function:

On theView menu, clickMarkers.

Define  Measure  Analpze  Swstem  Help

DS St ol ] ¥l

Llear Graph
Fiefrezh Graph

Parameter Summary
Meazurement Definition
Spur List

FLL Suppreszion Graph
Instrument Connections
Meszage Log

Dizplay Preferences...

v Update Graph when Parameters are Changed

@ Confidence Test using HP 86448 Int vs Ext 10 MHz - HP E5500 Phase Hoise Measuremen... !E[ E
File Edit “iew Define Measure Analyze System Help

Dlelu] &ln) « ClElo| x|E| @[5 o §
Confidence Test using HP 86448 Int we Ext 10 MHz
EP 100 Cymin 0 01+ Bs . 20T 171573 - 11210k .
F ' ! Mk Fegmewy _ Bauplimls _}______ ]
1 30029 Hs
2. 200E# Hs
30 HIOES Hs

100 1K 10K 100K, 1M
Lif) [dBc/Hs] ve £ [Ha]

Marker 4 Frequency IBDDE+3 Hz  Amplitude |-84.3? dBc Add Marker [

[ocAL [IDLE 7

Up to nine markers may be added. To remove the highlighted marker, click
the Deletebutton.

Agilent Technologies E5500 Phase Noise Measurement System 15-9



Evaluating Your Measurement Results
Graph of Results

Omit Spurs Omit Spurs plots the currently loaded results without displaying any spurs
that may be present.

1. OntheView menu, clickDisplay Preferences.

- HP E5500 Phase Noize Measurement Subsystem
Define  Measure  Analpze  Swstem  Help
Ol | v Toolbar kg?
—l—I- v Statuz Bar IE @I —I
v Markers
Meter

Llear Graph
Fiefrezh Graph

Parameter Summary
Meazurement Definition
Spur List

FLL Suppreszion Graph
Instrument Connections
Meszage Log

Dizplay Preferences...

v Update Graph when Parameters are Changed |

2. IntheDisplay Preferencedialog box, uncheciSpurs. Click OK

Display Preferences

V' Nuoise Eolor...l ‘ ‘ (i Eolor...l ‘
v Title Eolor...l ‘ ¥ Arnotation Color...l ‘

[+ Limit Lines Eolor...l ‘

Marker Color |
V| Graticule Caolar... ‘ ‘ " Smallngle  Colar... ‘
_I _I Background Color |

Default Colors |
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Graph of Results

3. The Graph will be displayed without spurs. To re-display the spurs,
checkSpursin theDisplay Preferencedialog box.

!;Ei Externally loaded file - HP E5500 Phase Hoise Measurement Subsystem
File Edit “iew Define Measure Analyze System Help

D|zla] 8ln 4 Elelo] x[e @[o ol &
Confidence Test using HP 86448 Int we Ext 10 MHz
EPET00 Comion 0 01F+ Bs Mo fyms 20 T1eeT 191573172

%

4
=]
TTTI T T T I T T ]7

100 1K 10K 100K, 1M
10 4
Lif) [dBc/Hs] ve £ [Ha]

Marker 4 Frequency IBDDE+3 Hz  Amplitude |-144.B4 dBc/Hz Add Marker [

[ocAL [IDLE 7
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Parameter Summary The Parameter Summary function allows you to quickly review the
measurement parameter entries that were used for this measurement.
The parameter summary data is included when you print the graph.

1. OntheView menu, clickParameter Summary.

!;Ei FreeRF.pnm - HP E5500 Phase Moise Measurement Subsystem

File  Edit "W Define Measure Analyze  Systerm Help

DS e ol & ¥l

Markers
Meter

Llear Graph
Fiefrezh Graph

Parameter Sumnmary
Meazurement Definition
Spur List

FLL Suppreszion Graph
Instrument Connections
Meszage Log

Dizplay Preferences...

v Update Graph when Parameters are Changed

2. The Parameter Summary Notepad dialog box appears. The data can be
printed or changed using standard Notepad functionality.

Bl Hp e5500 #2 - Notepad =] 3
File Edit Search Help
Free Running RF Oscillator vs 8644B DCFM 14|

Measurement time: 24 Jul 1997 15:52:51 - 15:55:03

Measurement type: Absolute phase noise (using a phase locked loop)
Start offset frequency: 10 Hz

Stop offset frequency: 4E+6 Hz

Minimum number of FFT averages: 4

Carrier Source frequency: 10.04E+9 Hz

Detector input frequency: 444E+6 Hz

Detector: Automatic detector selection

Nominal VCO tune constant: 40E+3 Hz/Volt

VCO input resistance: 600 Ohms

VCO center voltage: 0 Volts

VCO tune range: 10 Volts

Detector constant cal method: Derive from measured beatnote.
Detector constant: 151.537791E-3 V/Rad

VCO tune constant cal method: Calculate the Tune Constant from nominal value.
Current VCO tune constant: 36.923076E+3 Hz/Volt

PLL Integrator attenuation: 0 dB

Phase Locked Loop suppression was verified.

Theoretical loop suppression values were used.

Closed PLL BW: 4.62E+3 Hz

Peak Tune Range: 366.7E+3 Hz

Assumed Pole: 150E+3 HZ

Carrier Source name: (manual)

Reference Source name: HP 8644B ; VCO tuned using DC FM. =
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Problem Solving

Table 15-1 Problem Solving

If you need to know: Refer to:

* What to do about breaks in the noise graph Discontinuity in the Graph
« How to verify a noise level that is higher than expected High Noise Level

« How to verify unexpected spurs on the graph Spurs on the Graph

« How to interpret noise above the small angle line Small Angle Line
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Discontinuity in the
Graph

Because noise distribution is continuous, a break in the graph is evidence of
a measurement problem. Discontinuity in the graph will normally appear at
the sweep-segment connections.

Table 15-2dentifies the circumstances that can cause discontinuity in the

graph.

Table 15-2 Potential Causes of Discontinuity in the Graph

Circumstance

Description

Recommended Action

Break between segments where
closely spaced spurs are resolved
in one segment but not in the next.

Closely spaced spurs that are
resolved in one sweep-segment
but not in the next can cause an
apparent jump in the noise where
they are not resolved.

Use the Real-time Monitor to
evaluate the noise spectrum at the
break frequency on the graph. To
eliminate the break in the graph,
you may find it necessary to
change the Sweep-Segment
Ranges so that the measurement
resolution remains constant over
the frequency range where the
spurs are located.

Erratic Noise: One or more
segments out of line with the rest of
the graph.

This occurs when the noise level of
the source being used is
inconsistent over time. The
time-varying noise level causes the
overall noise present when one
segment is being measured to
differ from the level present during
the period when the next segment
is measured.

Repeat the noise measurement
several times for the segment that
does not match the rest of the
graph, and check for a change in
its overall noise level.

Break at the upper edge of the
segment below PLL Bandwidth 3 4.

Accuracy degradation of more than
1 or 2 dB can result in a break in
the graph at the internal
changeover frequency between the
phase detector portion of the
measurement and the voltage
controlled oscillator tune line
measurement. The accuracy
degradation can be caused by:

e Aninaccurate Tuning or Phase
Detector Constant
« Injection locking, or

* Noise near or above the small
angle line at an offset equal to
the PLL Bandwidth for the
measurement.

Check the Parameter Summary list
provided for your results graph to
see if any accuracy degradation
was noted. If the Tuning constant
and Phase Detector constant were
not measured by the phase
detector system, verify their
accuracy by selecting the
Measured calibration method and
then initiating a New Measurement.
If you suspect injection locking or
noise above the small angle line,
refer to the Problem Solving
section of Chapter 3 for specific
actions.

Small Break at 100 kHz,
10 kHz, or 1 kHz
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Higher Noise Level

Evaluating Your Measurement Results
Problem Solving

The noise level measured by the test system reflects the sum of all of the
noise sources affecting the system. This includes noise sources within the
system as well as external noise sources. If the general noise level measured
for your device is much higher than you expected, begin evaluating each of
the potential noise sources. The following table will help you identify and
evaluate many of the potential causes of a high noise floor.
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Spurs on the Graph Except for marked spurs, all data on the graph is normalized to a 1 Hz
bandwidth. This bandwidth correction factor makes the measurement appear
more sensitive than it really is. Marked spurs are plotted without bandwidth
correction however, to present their true level as measured.

The spur marking criterion is a detected upward change of more than X dB
(where X is the value shown below) within 4 data points (a single data point
noise peak will not be marked as a spur). Note that the effective noise floor
for detecting spurs is above the plotted 1 Hz bandwidth noise by the
bandwidth correction factor.

Table 15-3 Spurs on the Graph

Upward Change

Offset Frequency I\K\J/Zrk;ere(;f for Marking
9 Spurs (dB)

<4 30

<100 kHz 24 17

=8 12

=30 6

>100 kHz Any 4

To List the Marked Spurs

A list of spurs can be displayed by accessing$pers List function in the
View menu.

Forest of Spurs

A so called forest of spurs is a group of closely spaced spurs on the phase
noise plot. A forest of spurs is often caused by improper shielding that
allows stray RF energy to be picked up by the unit-under-test wiring, etc. A
breadboarded or prototype circuit should be well shielded from external RF
fields when phase noise measurements are being made.
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Table 15-4

Spur Description Recommended Action

Sources

Internal Potential spur sources within the If you do not have a plot of the system’s
measurement system include the phase noise and spur characteristics, perform the
noise system, the unit-under-test, and the system Noise Floor Test. If you suspect that
reference source. Typical system spurs are the unit-under-test or the reference source
—120 dBc, and they occur at the power line may be the spur source, check each source
and system vibration frequencies in the using a spectrum analyzer or measuring
range of from 25 Hz to 1 kHz, and above 10  receiver (such as an Agilent/HP 8902A).
MHz. Also, if additional sources are available, try

exchanging each of the sources and
repeating the measurement.

External Spur sources external to the system may be  Shorten coax cables as much as possible
either mechanical or electrical. When using (particularly the Tune Voltage Output cable).
the Phase Lock Loop measurement Make sure all cable connections are tight. It
technique, the system’s susceptibility to may be possible to identify an external spur
external spur sources increases with source using a spectrum analyzer with a
increases in the Peak Tuning Range set by pick-up coil or an antenna connected to it.
the VCO source.

Electrical Electrically generated spurs can be caused The frequency of the spur and patterns of
by electrical oscillation, either internal or multiple spurs are the most useful
external to the measurement system. The parameters for determining the source of
list of potential spur sources is long and spurs. The spur frequency can be estimated
varied. Many times the spur will not be atthe  from the graph, or pinpointed using either
fundamental frequency of the source, but the Marker graphic function which provides
may be a harmonic of the source signal. a resolution of from 0.1% to 0.2% or by
Some typical causes of electrical spurs are using the spur listing function.
power lines, radio broadcasting stations,
computers and computer peripherals (any
device that generates high frequency square
waves), and sum and difference products of
oscillators that are not isolated from one
another in an instrument such as a signal
generator.

Mechanical Mechanically generated spurs are usually at ~ Try turning off or moving fans, motors, or

frequencies below 1 kHz. The source of a
mechanically generated spur is typically
external to the measurement system.

other mechanical devices that oscillate at a
specific frequency. (Temporarily blocking
the airflow through a fan may alter its speed
enough to discern a frequency shiftin a spur
that is being caused by the fan.)
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Small Angle Line

Evaluating Your Measurement Results
Problem Solving

NOISE ABCQVE SHMALL ANGLE LINE
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Figure 15-4
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L(f) Is Only Valid for Noise Levels Below the Small Angle Line

Caution must be exercised whdcf) is calculated from the spectral density

of the phase modulatioB(f)/2 because of the small angle criterion. Below
the line, the plot ol_(f) is correct; above the lind,(f) is increasingly

invalid and Sf(f) must be used to accurately represent the phase noise of the
signal. To accurately plot noise that exceeds the small angle line, select the
Spectral Density of Phase Modulation (dB/Hz) graph ty@g{)). L(f)

raises the noise floor by 3 dB.

The —10 dB per decade line is drawn on the plot for an instantaneous phase
deviation of 0.2 radians integrated over any one decade of offset frequency.
At approximately 0.2 radians, the power in the higher order sideband of the
phase modulation is still insignificant compared to the power in the first
order sideband. This ensures that the calculation of cal L(f) is still valid.
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16 Advanced Software Features

What You'll Find in This Chapter...

® Phase Lock Loop Suppressionpage 16-3

¢ Blanking Frequency and Amplitude Information on the Phase Noise
Graph, page 16-13

NOTE Additional “Advanced Features” information will be included in future
versions of this manual. For information about our no-cost update program,
refer toSoftware and Documentation Updatespage 21-2.
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Advanced Software Features
Introduction

Introduction

Advanced Functions allows you to manipulate the test system or to
customize a measurement using the extended capabilities provided by the
Agilent E5500 phase noise measurement software. These functions are
recommended to be used only by those who understand how the
measurement and the test system are affected. Refer to the following pages
for details:
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Advanced Software Features
Phase Lock Loop Suppression

Phase Lock Loop Suppression

Selecting “PLL Suppression Graph” on the View menu causes the software
to display the PLL Suppression Curve plot, as shown irFilgere 16-1

when it is verified during measurement calibration. The plot appears
whether or not an accuracy degradation occurs.

Figure 16-1 PLL Suppression Verification Graph

PLL Suppression
Parameters

Phase Locked Loop Suppression Calibration Factors EHE

Mote: Any Calibration Factors displayed below with an
unknown value have not been measured pet.
Suppression traces will only be displayed after calibration.

Thearetical and Actual Loop Suppression Factors

Ig Ga g un o o g B

‘Idnl' . W N

10

Closed PLL Bw/:

FLL Gain Change: 860E-3 dB

Peak Tune Range: 100.5E+3Hz IV Wiew Smacthed Loop Suppression

Azsumed Pale: 89.48E+3Hz " B . .
Wawimum Errar 59563 B v \u"few Ag|ustet?l Theoretical Loop .Suppressmn
Detector Constant: 599E-3  Volts/Radian I™ iew Theoretical Loop Suppressian

CO Constant: 9.231E+3Hz ol

2.8823E+3 e | e S Y

The following measurement parameters are displayed along with the PLL
Suppression Curve.

PLL GAIN CHANGE:

This is the amount of gain change required to fit the Theoretical Loop
Suppression curve to the measured loop suppression. A PLL Gain Change of
greater than 1 dB creates an accuracy degradation (ACCY. DEGRADED)
error. If an accuracy degradation is detected, the amount of error is
determined from either the PLL Gain Change or the Maximum Error, which
ever is larger. The degradation itself is 1 dB less than the greater of these.
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Advanced Software Features
Phase Lock Loop Suppression

MAX ERROR:

This is the measured error that still exists between the the measured Loop
Suppression and the Adjusted Theoretical Loop Suppression. The four
points on the Loop Suppression graph marked with arrows (ranging from the
peak down to approximately —8 dB) are the points over which the
Maximum Error is determined. An error of greater than 1 dB results in an
accuracy degradation.

CLOSED PLL BW:

This is the predicted Phase Lock Loop Bandwidth for the measurement. The
predicted PLL BW is based on the predicted PTR. The Closed PLL BW wiill
not be adjusted as a result of an accuracy degradation. If an accuracy
degradation is detected, the amount of error is determined from either the
PLL Gain Change or the Maximum Error, which ever is larger. The
degradation itself is 1 dB less than the greater of these.

PEAK TUNE RANGE:

This is the Peak Tuning Range (PTR) for the measurement determined from
the VCO Tune Constant and the Tune Range of VCO. This is the key
parameter in determining the PLL properties, the Drift Tracking Range, and
the ability to phase lock sources with high close in noise.

The PTR displayed should be approximately equal to the product of the
VCO Tune Constant times the Tune Range of VCO. This is not the case
when a significant accuracy degradation is detected (4 dB) by the Loop
Suppression Verification. In this case, the PTR and Assumed Pole are
adjusted when fitting the Theoretical Loop Suppression to the smoothed
measured Loop Suppression, and the test system will display the adjusted
PTR. If the PTR must be adjusted by more than 1 dB, as indicated by an
accuracy degradation of greater than 0 dB, the Phase Detector Constant or
the VCO Tune Constant is in error at frequency offsets near the PLL BW, or
the PLL BW is being affected by some other problem such as injection
locking.

ASSUMED POLE:

This is the frequency of the Assumed Pole required to adjust the Theoretical
Loop suppression to match the smoothed measured Loop suppression. The
Assumed Pole frequency is normally much greater than the Closed PLL
BW. An Assumed Pole frequency of less than 10 X PLL BW is an indication
of peaking on the PLL Suppression curve. For PLL BWs less than 20 kHz,
an Assumed Pole of less than 10 X PLL BW indicates a delay or phase shift
in the VCO Tune Port. For PLL BWs greater than 20 kHz, the Assumed Pole
may be adjusted to less than 10 X PLL BW to account for phase shifts in the
test set.
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Advanced Software Features
Phase Lock Loop Suppression

DET. CONSTANT:

This is the phase Detector Constant (sensitivity of the phase detector) used
for the measurement. The accuracy of the Phase Detector Constant is
verified if the PLL suppression is verified. The accuracy of the phase
Detector Constant determines the accuracy of the noise measurement.

The phase Detector Constant value, along with the LNA In/Out parameter,
determines the Agilent/HP 3048A System noise floor exclusive of the
reference source. VCO CONSTANT: This is the VCO Tune Constant used
for the measurement. The accuracy of the VCO Tune Constant determines
the accuracy of the PLL noise measurement for offset frequencies in
segments where the entire plotted frequency range is less than the PLL BW /
4. The accuracy of the VCO Tune Constant is verified if the PLL
Suppression is Verified. The VCO Tune Constant times the Tune Range of
VCO determines the Peak Tune Range (PTR) value for the measurement.
The PTR sets the drift tracking and close-in noise suppression capabilities of
the test system.
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Advanced Software Features
Ignore Out Of Lock Mode

Ignore Out Of Lock Mode

The Ignore Out Of Lock test mode enables all of the troubleshoot mode
functions, plus it causes the software to not check for an out-of-lock
condition before or during a measurement. This allows you to measure
sources with high close-in noise that normally would cause an out-of-lock
condition and stop the measurement. When Ignore Out Of Lock is selected,
the user is responsible for monitoring phase lock. This can be accomplished
using an oscilloscope connected to the Agilent/HP 70420A Aux. Monitor
port to verify the absence of a beatnote and monitor the dc output level.

® When Ignore Out Of Lock is selected, the test system does not verify
the phase lock of the measurement. The user must ensure that the
measurement maintains phase lock during the measurement.
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Advanced Software Features
PLL Suppression Verification Process

NOTE

PLL Suppression Verification Process

When “Verify calculated phase locked loop suppression” is selected, it is
recommended that “Always Show Suppression Graph” also be selected.
Verifying phase locked loop suppression is a function which is very useful

in detecting errors in the phase detector constant or tune constant, the tune
constant linearity, limited VCO tune port bandwidth conditions, and

injection locking conditions. If the DUT is well behaved (injection locking
issues do not exist or have been eliminated) and the reference source is well
behaved (well known tuning characteristics or a system controlled RF signal
generator) then the need to select PLL suppression verification is minimal.

To verify PLL suppression, a stimulus source is required for the FFT
analyzer. This stimulus signal is connected to the “Noise Input” port on the
rear-panel of the Agilent/HP 70420A test set. For the E550xB systems, the
PC digitizer used as the FFT analyzer also provides a companion D/A output
to be used for this purpose. When an Agilent/HP 89410A vector signal
analyzer is the system FFT analyzer, the Agilent/HP 89410As companion
source output is used. For the E550xA systems, the Agilent/HP

E1441A VXI arbitrary source is used as the stimulus signal for the
Agilent/HP E1430A VXI digitizer and is connected geigure 16-2

The sync output from the Agilent/HP E1441A MUST Connect to both the
Ext trigger inputs - use a BNC “T".

Figure 16-2 Using the E1441A as a Stimulus Response for the E1430A

HOTE:

The Sync ouput from the
HP E1441A MUST connect
to both Ext Trigger inputs.

Use a BHC "T" connector

HP 14HA HP E1430A

Ext Trigger

Digitizer
Input

Input

D Ext Trigger From the HP 704204 Test Set's <100 MHz

mcr-—-—'—"‘-——_——-

Source
Output

Input Output* port.

/ To the HP 70420A Test Set's "Hoise Input™
port.
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Advanced Software Features
PLL Suppression Verification Process

PLL Suppression The PLL Suppression View graph has been updated to allow measured,

Information calculated (adjusted), and theoretical information to be examined more
closely. When the “Always Show Suppression Graph” is selected, the
following graph Eigure 16-3 on page 16}& provided.

Figure 16-3 Default PLL Suppression Verification Graph
Phase Locked Loop Suppression Calibration Factors EHE

Mote: Any Calibration Factors displayed below with an
unknown value have not been measured pet.
Suppression traces will only be displayed after calibration.

Thearetical and Actual Loop Suppression Factors

100 1*® 10K

FLL Gain Change: 860E-3 dB
Elosed PLL BW 28823E+3 HZ ..............................................................................
Peak Tune Range: 100.5E+3Hz I¥ ‘iew Smoothed Loop Suppression
Azsumed Pale: 89.48E+3Hz
I awirnum Error: 589.5E-3 dB ) ) :
Detector Constant: 539E-3  Volts/Radian I™ iew Theoretical Loop Suppressian
CO Constant: 9.231E+3Hz ol

V' Wiew Adjusted Theoretical Loop Suppression

There are four different curves available for the this graph:

1. “Measured” loop suppression curvdeigure 16-4 - this is the result of
the loop suppression measurement performed by the E5500 system;

2. “Smoothed” measured suppression cufivigiire 16-5 on page 16)}9
this is a curve-fit representation of the measured results, it is used to
compare with the “theoretical” loop suppression;

3. “Theoretical” suppression curvEifure 16-6 on page 16-16this is the
predicted loop suppression based on the initial loop parameters
defined/selected for this particular measurement (kphi, kvco, loop
bandwidth, filters, gain, etc).

4. “Adjusted” theoretical suppression cunkdure 16-7 on page 16-10
thru Figure 16-9 on page 16-11this is the new “adjusted” theoretical
value of suppression for this measurement - it is based on changing loop
parameters (in the theoretical response) to match the “smoothed”
measured curve as closely as possible.
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PLL Suppression Verification Process

Figure 16-4 Measured Loop Suppression Curve
Phase Locked Loop Suppression Calibration Factors EHE
Mote: Any Calibration Factors displayed below with an

unknown value have not been measured pet.
Suppression traces will only be displayed after calibration.

Thearetical and Actual Loop Suppression Factors

PLL Gain Change: 860E-3  dB Y pi
Closed PLLBW:  28823E+3 He el e e Ty

Peak Tune Range: 100.5E+3Hz I™ Wiew Smacthed Laop Suppression

Assumed Pole: 89 48E+3Hz . . . .
Wawimum Errar 59563 B r \u"few Ag|ustet?l Theoretical Loop .Suppressmn
Detector Constant: 59963 Wals/Radian I™ Wiew Theoretical Loop Suppression

CO Constant: 9.231E+3Hz ol

Figure 16-5 Smoothed Loop Suppression Curve

Phase Locked Loop Suppression Calibration Factors EHE

Mote: Any Calibration Factors displayed below with an
unknown value have not been measured pet.
Suppression traces will only be displayed after calibration.

Thearetical and Actual Loop Suppression Factors

" 100 1* 10K 100K
E:_DLSEdaQLEhBa\’r:;g.e: gBSDSEngJrgB Hz ™ iew Measured Loop Supression
Peak Tune Fian.ge: 100.5E+2Hz ¥ iiew Smoothed Loop Suppressior
aﬁ:ﬁmﬁﬂ E?[loe[:. gg;gg _+33 ;‘é ™ Wiew &diusted Theoretical Loop Suppression
Detector Constant: 599E-3  Volts/Radian I™ iew Theoretical Loop Suppressian

CO Constant: 9.231E+3Hz ol
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PLL Suppression Verification Process

Figure 16-6 Theoretical Loop Suppression Curve

Phase Locked Loop Suppression Calibration Factors EHE

Mote: Any Calibration Factors displayed below with an
unknown value have not been measured pet.
Suppression traces will only be displayed after calibration.

Thearetical and Actual Loop Suppression Factors
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Figure 16-7 Smoothed vs Theoretical Loop Suppression Curve

Phase Locked Loop Suppression Calibration Factors EHE

Mote: Any Calibration Factors displayed below with an
unknown value have not been measured pet.
Suppression traces will only be displayed after calibration.

Thearetical and Actual Loop Suppression Factors
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PLL Suppression Verification Process

Figure 16-8 Smoothed vs Adjusted Theoretical Loop Suppression Curve

Mote: Any Calibration Factors displayed below with an
unknown value have not been measured pet.
Suppression traces will only be displayed after calibration.

Thearetical and Actual Loop Suppression Factors

FLL Gain Change: 860E-3 dB . .
Closed PLL BWwW: 2 8829E+3 Hz r \u"few Measured Loop Supressm.n
Peak Tune Range: 100.5E+3Hz IV Wiew Smacthed Loop Suppression

Azsumed Pale: 89.48E+3Hz
I awirnum Error: 589.5E-3 dB - - -
Detector Constant: 539E-3  Volts/Radian I™ iew Theoretical Loop Suppressian
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v iiew Adjusted Theoretical Loop Suppressioré

Figure 16-9 Adjusted Theoretical vs Theoretical Loop Suppression Curve

Mote: Any Calibration Factors displayed below with an
unknown value have not been measured pet.
Suppression traces will only be displayed after calibration.

Thearetical and Actual Loop Suppression Factors

FLL Gain Change: 860E-3 dB . .
Closed PLL BWwW: 2 8829E+3 Hz r \u"few Measured Loop Supressm.n
Peak Tune Range: 100.5E+3Hz I™ Wiew Smacthed Laop Suppression

Azsumed Pale: 89.48E+3Hz
I awirnum Error: 589.5E-3 dB ) - o
Detector Constant: 599E-3  Valts/Radian I %iew Theoretical Loop Suppressiore
CO Constant: 9. 2NE+3HzAalk

V' Wiew Adjusted Theoretical Loop Suppression
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PLL Gain Change

Maximum Error

Accuracy Degradation

Supporting an
Embedded VXI PC:

Advanced Software Features
PLL Suppression Verification Process

PLL gain change is the amount in dB by which the theoretical gain of the
PLL must be adjusted to best match the smoothed measured loop
suppression. The parameters of the theoretical loop suppression that are
modified are Peak Tune Range (basically open loop gain) and Assumed Pole
(for example a pole on the VCO tune port that may cause peaking).

Maximum Error is the largest difference between the smoothed measured
loop suppression and the adjusted theoretical loop suppression in the
frequency range plotted for the smoothed measured loop suppression.

The frequency of the assumed pole is normally much greater than the Closed
PLL BW and there is no loop peaking. If the smoothed measured PLL
suppression shows peaking, the assumed pole is shifted down in frequency
to simulate the extra phase shift that caused the peaking. If the peaking is
really due to a single pole at a frequency near the Closed PLL BW, the
adjusted theoretical loop suppression and smoothed measured loop
suppression will show a good match and the maximum error will be small.

Accuracy spec. degradation is determined by taking the larger of Maximum
Error and magnitude of PLL Gain Change and then subtracting 1 dB.

A.01.04 also allows the use of an embedded VXI PC running WIN NT 4.0.
In this case, the VXl interface to the VXI assets will be “VXI direct” (select

within the Asset Manager Configuration). The VISA /O libraries must also
support the embedded PC’s GPIB card.

16-12 Agilent Technologies E5500 Phase Noise Measurement System



Advanced Software Features
Blanking Frequency and Amplitude Information on the Phase Noise

CAUTION

NOTE

Security Level
Procedure

Blanking Frequency and Amplitude Information
on the Phase Noise Graph

Implementing either of the “secured” levels described in this section is not
reversible Once the frequency or frequency/amplitude data has been
blanked it can not be recoveredf you need a permanent copy of the data,
you can print out the graph and parameter summary before you secure the
data and store the printed data to a secured location.

An alternate method of storing classified data is to save the measurement
test file (*.pnm), including the real frequency/amplitude data onto a floppy
diskette and securing the diskette. It can then be recalled at a later data.

1. From the Define Menu, choose Security Level.

!;Ei R_Security.pnm - HP E5500 Phase Hoize Measurement Subsystem
File Edit “iew EUIEN Meazure Analyze System Help

Dliﬂ'lnl é M.e?su.rement... Xll 3' QI 5 E”
rr vz HP 36624 using DCFM

HPESSOC————— 07 Tar 1092 11:32:30- 11:34:12
EFT Segment Takle H H H

R Sweept Segment Table

10 100 1K 10K 100K 18t 1008 10088
Lify [dBcfHz] ws f [Hz]

Set Security Level for this measurement |LDEAL |IDLE o

2. Choose one of the security options provided:

o “Unsecured: all data is viewable” on page 16-14

o “Secured: Frequencies cannot be viewed” on page 16-14

o “Secured: Frequencies and Amplitudes cannot be viewed” on
page 16-16
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Blanking Frequency and Amplitude Information on the Phase Noise

Unsecured: all data is viewable

When “Unsecured all data is viewable” is selected, all frequency and
ampltude information is displayed on the phase noise graph.

HP E5500 Measurement Security Level ﬂ E

WARMIMG: Security may only be increased in a measurement. Once
frequencies or amplitudes are secured, they cannot be viewed again.
If you enable security, you will nat be able to view frequency ar
amplitude information for that measurement agair.

MOTE: To permanently secure a measurement, you must save the
measurement in a file after you have increased the security level.

& {lnsecured: all data iz viewable:

" Secured: Frequencies cannot be viewed,

" Secured: Frequencies and Amplitudes cannot be viewed.

Cancel | ()8 I

!;Ei R_Security.pnm - HP E5500 Phase Hoize Measurement Subsystem

File Edit “iew Define Measure Analyze System Help

D|=(H| 8|0 £ Bl®lo| x[E| = of | F| X
RF Synthesizer v HP 56624 using DCFM
HP ES500 _Carrir: 600E+6 Ha 07 Fn 1998 11:32:39 - 11:34:12

10 100 1K 10K 100K 18t 1008
Lify [dBcfHz] ws f [Hz]

Connected to server. |LoCaL [IoLE i

Secured: Frequencies cannot be viewed

When “Secured: Frequecies cannot be viewed" is selected, all frequency
information is blanked on the phase noise graph.
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Blanking Frequency and Amplitude Information on the Phase Noise

HP E5500 Measurement Security Level ﬂ E

WARMIMG: Security may only be increased in a measurement. Once
frequencies or amplitudes are secured, they cannot be viewed again.
If you enable security, you will nat be able to view frequency ar
amplitude information for that measurement agair.

MOTE: To permanently secure a measurement, you must save the
measurement in a file after you have increased the security level.

5 hsesured &l dataisieate:

& Secured: Frequencies cannot be viewed;

" Secured: Frequencies and Amplitudes cannot be viewed.

Cancel | ()8 I

R_Security.pnm - HP E5500 Phase Hoize Measurement Subsystem
File Edit “iew Define Measure Analyze System Help

D|=(®] 8|r| £ Kl®lel x[E] =@ o] = E] X
RF Synthesizer v HP 56624 using DCFM
07 Fn 1998 11:32:39 - 11:34:12

HP ESS00 _Carrier: *4*+ Ha

ty
=1

-110]

Lify [dBe/Hz] s f [Hz]
Connected to server. |LoCaL [IoLE i

HP E5500 [ 2]

Type and Range | Sourcesl Cal | Black Diagraml Test Setl Downconverterl Graphl

™ Couple (
-\ Type andFange  Sources | Cal | Blook Diagram | Test Set| Downconverter | Graph |
r— Qlifset Freo: FENge

Measurement Type

Start Dffget | Hz Carrier Sourc
’VFlequem:y = Hz Power |1[I dBm

FFT Analyzer Minind )
Carrier Source Output is connected to: & Test Set ' Downconvertsr
-

Abzolute Phaze Moize [using a phase lacked loop]

— FFT Quality

T s i
Detector Input Frequency Reference Sourc
@ et Yl ® HIE I"” Hz ’V Frequency I"” Hz Power ITE— dBm
~ Swept Quality——————————————
- —

& Nomd ' Fast File Ecit iew Insert Format Hel

RF Synthesizer vs HP 86624 using DCFM -
Measurement time: 07 Jan 1998 11:3239 - 11:34:12 Walts

Measurement type: Abgolute phase noige (using a phase locked loogp) -
Start offcel frequency: *++* Ohms
Stop offset frequency; ¥*+* I Yl

Ilinimum namber of FFT averagy
Castier Source frequency: *++*
Detectot input frequeney:; #++*

Detector: Automatic delector selection Preset
Nominal VOO tune constant: 10E+3 HzWolt
VOO center voltage: D Volts

YOO tune range: 2 Volts

Detector constant cal method: Derive from measured beatnote Help
Detector constant: 346.3E-3 V/Rad

WCO tune constant cal method: Measure the Tune Constant.

Current VOO tune constant: 9 485E+3 H2Wolt
BT Tetemomtne ttameeesine £ 4D =
For Help, press F1 MHUM -~
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Secured: Frequencies and Amplitudes cannot be viewed

When “Secured: Frequecies cannot be viewed" is selected, all frequency
and amplitude information is blanked on the phase noise graph.

HP E5500 Measurement Security Level ﬂ E

WARMIMG: Security may only be increased in a measurement. Once
frequencies or amplitudes are secured, they cannot be viewed again.
If you enable security, you will nat be able to view frequency ar
amplitude information for that measurement agair.

MOTE: To permanently secure a measurement, you must save the
measurement in a file after you have increased the security level.

5 hsesured &l dataisieate:

) Secured: Frequencies canmot be viewed,

& Eecured: Frequencies and Amplitudes cannot be viewed:

Cancel | ()8 I

!;Ei R_Security.pnm - HP E5500 Phase Hoize Measurement Subsystem

File Edit “iew Define Measure Analyze System Help

D|=(H| 8|0 £ Bl®lo| x[E| = of | F| X
RF Synthesizer v HP 56624 using DCFM
s HP ESS00_Carrier: #4944 Hg 07 Fn 1998 11:32:39 - 11:34:12

Lify [dBcfHz] ws f [Hz]

Connected to server. |LoCaL [IoLE i

16-16 Agilent Technologies E5500 Phase Noise Measurement System



17 Error Messages and System
Troubleshooting

What You'll Find in This Chapter

NOTE Error messages and troubleshooting information is not included in this
version of the manual. They will be included in a future version. For
information about our no-cost update program, refeédaftware and
Documentation Updates page 21-2.
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18 Reference Graphs and Tables

Graphs and Tables You'll Find in This Chapter

Graphs ®* Approximate System Phase Noise Floor vs. R Port Signal Level
page 18-2

¢ Phase Noise Floor and Region of Validitypage 18-3
® Phase Noise Level of Various Agilent/HP Sourcepage 18-4

® Increase in Measured Noise as Ref Source Approaches UUT Nojse
page 18-5

® Approximate Sensitivity of Delay Line Discriminator, page 18-6
®* AM Calibration , page 18-7

® \oltage Controlled Source Tuning Requirementspage 18-8

®* Tune Range of VCO vs. Center Voltagepage 18-9

® Peak Tuning Range Required Due to Noise Levepage 18-10

® Phase Lock Loop Bandwidth vs. Peak Tuning Rangepage 18-11
® Noise Floor Limits Due to Peak Tuning Rangepage 18-12

Tables ® Tuning Characteristics of Various VCO Source Options page 18-13
® Agilent/HP 8643A Frequency Limits, page 18-14
® Agilent/HP 8644B Frequency Limits page 18-16
® Agilent/HP 8664A Frequency Limits, page 18-18
® Agilent/HP 8665A Frequency Limits, page 18-20
® Agilent/HP 8665B Frequency Limits page 18-22
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Reference Graphs and Tables
Approximate System Phase Noise Floor vs. R Port Signal Level

Approximate System Phase Noise Floor vs. R
Port Signal Level
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The sensitivity of the phase noise measurement system can be improved by
increasing the signal power at the R input port (Signal Input) of the phase
detector in the test set. The graph shown above illustrates the approximate
noise floor of the Agilent/HP 70420A test set for a range of R input port
signal levels from -15 dBm to +15 dBm. These estimates of sensitivity
assume the signal level at the L port is appropriate for either the microwave
or the RF mixer that is used (+7 dBm or +15 dBm, respectively). The
approximate phase Detector calibration Constant that results from the input
signal level at the R port is shown on the right side of the graph.

18-2 Agilent Technologies E5500 Phase Noise Measurement System



Reference Graphs and Tables
Phase Noise Floor and Region of Validity

50

40

30}

20

10 |

-10 |
20 |

-30
-40

-50 |

-60
-70
-80
-90
-100
-110

-120 |

-130

-140 |

-150

-160 |

-170

-180 L
.01

Phase Noise Floor and Region of Validity

%6
o 5.0

L ) .. - . . . . . _ N

}..7,0 2 ~ Limit of Validity of [(f) = ~=

X, % T
S ™ =
i ~. 4{ \:{} O, ’.\
‘S/Q \0. ‘\‘V( T'0‘\00 . v - '0\ ‘\
M ~.. 0 I .\‘T!L ) Va||d! .,\n e
N }%/ \. ., I ~\ . \\

-

10 100 1K 10K 100K 1M 10M 100M
[ () [dBc/Hz] vs. f[Hz]

validity.cdr

Caution must be exercised whkff) is calculated from the spectral density
of the phase fluctuation§,(f) because of the small angle criterion. The
-10 dB/decade line is drawn on the plot for an instantaneous phase deviation
of 0.2 radians integrated over any one decade of offset frequency. At
approximately 0.2 radians, the power in the higher order sidebands of the
phase modulation is still insignificant compared to the power in the first
order sideband which ensures the calculatiob(®y is still valid. As show in
the graph above, below the line, the plotLdf) is correct; above the line,
L(f) is increasingly invalid an&ip(f) must be used to represent the phase
noise of the signal.(f) is valid both above and below the line.) When
using thel (f) graph to comput&§(f), add 3 dB to the Level.

SM = 2 (L() or Syfigp = L(N g+ 3 dB
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The graph shown above indicates the level of phase noise that has been
measured for several potential reference sources at specific frequencies.
Depending on the sensitivity that is required at the offset to be measured, a
single reference source may suffice or several different references may be
needed to achieve the necessary sensitivity at different offsets.
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The graph shown above demonstrates that as the noise level of the reference
source approaches the noise level of the UUT, the level measured by the
software (which is the sum of all sources affecting the test system) is
increased above the actual noise level of the UUT.
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The dependence of a frequency discriminator's sensitivity on the offset
frequency is obvious in the graph shown above. By comparing the
sensitivity specified for the phase detector to the delay line sensitivity, it is
apparent the delay line sensitivity is ““tipped up” by 20 dB/decade

beginning at an offset of 1i& The sensitivity graphs indicate the delay line
frequency discriminator can be used to measure some types of sources with
useful sensitivity. Longer delay lines improve sensitivity, but eventually the
loss in the delay line will exceed the available power of the source and
cancel any further improvement. Also, longer delay lines limit the maximum
offset frequency that can be measured.
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The AM detector sensitivity graph shown above is used to determine the
equivalent phase Detector Constant from the measured AM Detector input
level or from the diode detector's dc voltage. The equivalent phase Detector
Constant (phase slope) is read from the left side of the graph while the
approximate detector input power is read from the right side of the graph.
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Voltage Controlled Source Tuning Requirements
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The tuning range that the software actually uses to maintain quadrature is
limited to a fraction of the peak tuning range (PTR) to ensure the tuning

slope is well behaved and the VCO Tune Constant remains accurate. After
phase lock is established, the test system monitors the tuning voltage
required to maintain lock. If the tuning voltage exceeds 5% of the PTR

during the measurement, the test system again informs the user and requests
the oscillator be retuned or the problem be otherwise corrected before
proceeding with the measurement. These limits have been found to
guarantee good results.

18-8 Agilent Technologies E5500 Phase Noise Measurement System



Reference Graphs and Tables
Tune Range of VCO vs. Center Voltage
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The graph shown above outlines the minimum to maximum Tune Range of
VCO which the software provides for a given center voltage. The Tune

range of VCO decreases as the absolute value of the center voltage increases
due to hardware limitations of the test system.
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The graph shown above provides a comparison between the typical phase
noise level of a variety of sources and the minimum tuning range that is
necessary for the test system to create a phase lock loop of sufficient
bandwidth to make the measurement. Sources with higher phase noise
require a wider Peak Tuning Range.
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The graph shown above illustrates the closed Phase Lock Loop Bandwidth
(PLL BW) chosen by the test system as a function of the Peak Tuning Range
of the source. Knowing the approximate closed PLL BW allows you to
verify that there is sufficient bandwidth on the tuning port and that sufficient
source isolation is present to prevent injection locking.
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The graph shown above illustrates the equivalent phase noise at the Peak
Tuning Range entered for the source due to the inherent noise at the test set
Tune Voltage Output port. (A Tune Range of VCO +/-10 V and phase
Detector Constant of 0.2V/Rad is assumed.)
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Tuning Characteristics of Various VCO Source

Options
. . Center . Input Tuning
VCO Source CFarrerler Tunlng(;H(;cln\r;)s tant Voltag Vc;;t;\r?ee'l'(ur |\r;§; Resistance  Calibration
4 ) gel= Q) Method
Agilent/HP 8662/3A
EFC Ug SE-9xu, 0 10 1IE+6 Measure
DCFM FM Deviation 0 10 1k (8662) Calculate
600 (8663) Calculate
Agilent/HP 8642A/B FM Deviation 0 10 600 Calculate
Agilent/HP FM Deviation 0 10 600 Calculate
8643A/44B
Agilent/HP 8664A FM Deviation 0 5t 600 Calculate
Agilent/HP 8665A/B (See Caution
Below)
Other Signal
Generato r FM Deviation 0 10 Rin Calculate
DCFM Calibrated for
+1V
Other User VCO Estimated within a -10to See “Tune Range 1E+6 Measure
Source factor of 2 +10 of VCO vs. Center
Voltage” on
page 18-9

1 caution: Exceeding 5 volts maximum may damage equipment.

The table shown above lists tuning parameters for several VCO options.
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Table 18-1 Agilent/HP 8643A Frequency Limits

Agilent/HP 8643A Frequency Limits

Note: Special Function 120 must be enabled for DCFM

1 Minimum Recommended PTR (Peak Tune Range)

PTR =FM Deviation x VTR

Model Band Band
Numbe  Option Minimum Maximum Mode 2 2 Mode 1 3
r (MHz) (MHz)
8643A 002 1030 2060 2000000 20000000
8643A 002 515 1029.99999999 1000000 10000000
8643A Standar 515 1030 1000000 10000000
d
8643A Both 257.5 514.99999999 500000 5000000
8643A Both 128.75 257.49999999 250000 2500000
8643A Both 64.375 128.74999999 125000 1250000
8643A Both 32.1875 64.37499999 62500 625000
8643A Both 16.09375 32.18749999 31200 312000
8643A Both 8.046875 16.09374999 15600 156000
8643A Both 4.0234375 8.04687499 7810 78100
8643A Both 2.01171875 4.02343749 3900 39000
8643A Both 1.005859375 2.01171874 1950 19500
8643A Both 0.5029296875 1.005859365 976 9760
8643A Both 0.25146484375 0.5029296775 488 4880

1 Takes into account limited tuning resolution available in linear FM (Special Function 120, refer to “How to Access Special
Functions” on page 18-15).

2The Agilent/HP 8643A defaults to Mode 2 operation.
3 Wideband FM: Use Special Function 125 (refer to “How to Access Special Functions” on page 18-15).

Agilent/HP 8643A
Mode Keys

® The[Mode 1] key provides the maximum FM deviation and minimum
RF output switching time. Noise level is highest in this mode, as shown
in the following table.

® The[Mode 2] key provides a median range of FM deviation and RF
output switching time, as shown in the following table. The
Agilent/HP 8643A defaults to Mode 2 operation.
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Agilent/HP 8643A Frequency Limits

Table 18-2 Operating Characteristics for Agilent/HP 8643A Modes 1, 2, and 3

How to Access Special
Functions

Description of Special
Functions 120 and 125

Synthisis Mode

Charateristic
Mode 1 Mode 2
RF Frequency Switching Time 90 ms 200 ms
FM Deviation at 1 GHz 10 MHz 1 MHz
Phase Noise (20 kHz offset at 1 GHz) -120dBc -130 dBc

Press the “Special” key and enter the special function number of your
choice. Access the special function key by pressing the “Enter” key. Press
the [ON] (ENTER) key to terminate data entries that do not require specific
units (kHz, mV, rad, for example)

Example:

[Special], [1], [2], [O], [ON] (Enter).
SIGNAL GENERATOR

yd N\
z N
SPECIAL ON
O OO0 OO O O0O0bpo ogo 4O =
\gl:l OO0 OO o oood |:|
OO OO0 OO O 0dopd O =
OO OO0 0ooo O Oood OO Ooo OFF

° O

sigen43.cdr

120: FM Synthesis

This special function allows you to have the instrument synthesize the FM
signal in a digitized or linear manner. Digitized FM is best for signal-tone
modulation and provides very accurate center frequency at low deviation
rates. Linear FM is best for multi-tone modulation and provides a more
constant group delay than the Digitized FM.

125: Wide FM Deviation (Agilent/HP 8643A only)

Mode 1 operation can be selected using this special function, which allows
you to turn on wide FM deviation. The Agilent/HP 8643 defaults to Mode 2
operation. Wide FM deviation provides the maximum FM deviation and
minimum RF output switching time. In this mode, the maximum deviation is
increased, by a factor of 10, to 10 MHz (for a 1 GHz carrier). The noise level
of the generator is also increased in this mode, however.
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Agilent/HP 8644B Frequency Limits

Table 18-3 Agilent/HP 8644B Frequency Limits

1 Minimum Recommended PTR (Peak Tune Range)

Note: Special Function 120 must be enabled for DCFM PTR =FM Deviation x VTR

Model Band Band
Numbe  Option Minimum Maximum Mode 3 Mode 2 Mode 1
r (MHz) (MHz)
8644B 002 1030 2060 200000 2000000 20000000
8644B 002 515 1029.99999999 100000 1000000 10000000
8644B Standar 515 1030 100000 1000000 10000000
d
8644B Both 257.5 514.99999999 50000 500000 5000000
8644B Both 128.75 257.49999999 25000 250000 2500000
8644B Both 64.375 128.74999999 12500 125000 1250000
8644B Both 32.1875 64.37499999 6250 62500 625000
8644B Both 16.09375 32.18749999 3120 31200 312000
8644B Both 8.046875 16.09374999 1560 15600 156000
8644B Both 4.0234375 8.04687499 781 7810 78100
8644B Both 2.01171875 4.02343749 390 3900 39000
8644B Both 1.005859375 2.01171874 195 1950 19500
8644B Both 0.5029296875 1.005859365 97.6 976 9760
8644B Both 0.25146484375 0.5029296775  48.8 488 4880

1 Takes into account limited tuning resolution available in linear FM (Special Function 120, refer to “How to Access Special
Functions” on page 18-15).

Agilent/HP 8644B
Mode Keys

® The[Mode 1] key provides the maximum FM deviation and minimum
RF output switching time. Noise level is highest in this mode, as shown
in the following table.

® The[Mode 2] key provides a median range of FM deviation and RF
output switching time, as shown in the following table.

® The[Mode 3] key provides the lowest noise level at the RF output, FM
deviation bandwidth is narrower, and the RF switching time is slower
than in either Modes 1 or 2.
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Table 18-4 Operating Characteristics for Agilent/HP 8644B Modes 1, 2, and 3

How to Access Special
Functions

Description of Special
Function 120

Synthisis Mode

Charateristic
Mode 1 Mode 2 Mode 3
RF Frequency Switching Time 90 ms 200 ms 350 ms
FM Deviation at 1 GHz 10 MHz 1 MHz 100 kHz

Phase Noise (20 kHz offset at 1 GHz) -120dBc -130dBc -136 dBc

Press the “Special” key and enter the special function number of your
choice. Access the special function key by pressing the “Enter” key. Press
the [ON] (ENTER) key to terminate data entries that do not require specific
units (kHz, mV, rad, for example)

Example:

[Special], [1], [2], [O], [ON] (Enter).
SIGNAL GENERATOR

yd N
z .
SPECIAL ON
O OO0 OO O 0oood OO O_ &
\gl:l OO0 OO O 0ood |:|
OO OO0 OO O 0000 COo—-.
OO OO0 ooo O 0000 OO OO OFF
oo:s O000 gagQuo O O

MODE 1 MODE 2 MODE 3

sigen65.cdr

120: FM Synthesis

This special function allows you to have the instrument synthesize the FM
signal in a digitized or linear manner. Digitized FM is best for signal-tone
modulation and provides very accurate center frequency at low deviation
rates. Linear FM is best for multi-tone modulation and provides a more
constant group delay than the Digitized FM.
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Agilent/HP 8664A Frequency Limits

Table 18-5 Agilent/HP 8664A Frequency Limits

Note: Special Function 120 must be enabled for the 1 Minimum Recommended PTR (Peak Tune Range)
DCFM PTR =FM Deviation x VTR
Model Band Band

Numbe  Option Minimum Maximum Mode 3 Mode 2

r (MHz) (MHz)

8664A 2060 3000 400000 10000000
8664A 1500 2059.99999999 200000 10000000
8664A 1030 1499.99999999 200000 5000000
8664A 750 1029.99999999 100000 5000000
8664A 515 749.99999999 100000 2500000
8664A 375 514.99999999 50000 2500000
8664A 257.5 374.99999999 50000 1250000
8664A 187.5 257.49999999 25000 1250000
8664A 30 187.49999999 200000 5000000
8664A 5 29.99999999 100000 5000000
8664A 0.05 4.99999999 Max FM = MIN(Above, Carrier freq - 9 kHz)

1 Takes into account limited tuning resolution available in linear FM (Special Function 120, refer to “How to Access Special
Functions” on page 18-15).

Agilent/HP 8664A

Mode Keys

® The[Mode 2] key provides a median range of FM deviation and RF
output switching time, as shown in the following table.

® The[Mode 3] key provides the lowest noise level at the RF output, FM
deviation bandwidth is narrower, and the RF switching time is slower
than in either Modes 1 or 2.

Table 18-6 Operating Characteristics for Agilent/HP 8664A Modes 2 and 3

Synthisis Mode

Charateristic
Mode 2 Mode 3
RF Frequency Switching Time 200 ms 350 ms
FM Deviation at 1 GHz 1 MHz 100 kHz

Phase Noise (20 kHz offset at 1 GHz) -130dBc -136 dBc
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Reference Graphs and Tables
Agilent/HP 8664A Frequency Limits

Press the “Special” key and enter the special function number of your
choice. Access the special function key by pressing the “Enter” key. Press
the [ON] (ENTER) key to terminate data entries that do not require specific
units (kHz, mV, rad, for example)

Example:
[Special], [1], [2], [O], [ON] (Enter).
SIGNAL GENERATOR

ﬁ/
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\SE OO0 OO O 0000 oo O =
OO0 OO O 00od O g
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OO OO0 ooo O gooo Oog googogd

oo:s O000 gagQuo O O

SPECIAL

OFF

MODE 1 MODE 2 MODE 3

sigen65.cdr

120: FM Synthesis

This special function allows you to have the instrument synthesize the FM
signal in a digitized or linear manner. Digitized FM is best for signal-tone
modulation and provides very accurate center frequency at low deviation
rates. Linear FM is best for multi-tone modulation and provides a more
constant group delay than the Digitized FM.
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Agilent/HP 8665A Frequency Limits

Table 18-7 Agilent/HP 8665A Frequency Limits

1 Minimum Recommended PTR (Peak Tune Range)

Note: Special Function 120 must be enabled for DCFM PTR =FM Deviation x VTR

Model Band Band

Numbe  Option Minimum Maximum Mode 3 Mode 2

r (MHz) (MHz)

8665A 4120 4200 800000 20000000
8665A 3000 4119.99999999 400000 20000000
8665A 2060 2999.99999999 400000 10000000
8665A 1500 2059.99999999 200000 10000000
8665A 1030 1499.99999999 200000 5000000
8665A 750 1029.99999999 100000 5000000
8665A 515 749.99999999 100000 2500000
8665A 375 514.99999999 50000 2500000
8665A 257.5 374.99999999 50000 1250000
8665A 187.5 257.49999999 25000 1250000
8665A 30 187.49999999 200000 5000000
8665A 5 29.99999999 100000 5000000
8665A 0.05 4,99999999 Max FM = MIN(Above, Carrier freq - 9 kHz)

1 Takes into account limited tuning resolution available in linear FM (Special Function 120, refer to “How to Access Special
Functions” on page 18-15).

Agilent/HP 8665A ® The[Mode 2] key provides a median range of FM deviation and RF
Mode Keys output switching time, as shown in the following table.

® The[Mode 3] key provides the lowest noise level at the RF output, FM
deviation bandwidth is narrower, and the RF switching time is slower
than in either Modes 1 or 2.

Table 18-8 Operating Characteristics for Agilent/HP 8665A Modes 2 and 3

Synthisis Mode

Charateristic
Mode 2 Mode 3
RF Frequency Switching Time 200 ms 350 ms
FM Deviation at 1 GHz 1 MHz 100 kHz

Phase Noise (20 kHz offset at 1 GHz) -130dBc -136 dBc
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Press the “Special” key and enter the special function number of your
choice. Access the special function key by pressing the “Enter” key. Press
the [ON] (ENTER) key to terminate data entries that do not require specific
units (kHz, mV, rad, for example)

Example:

[Special], [1], [2], [0], [ON] (ENTER).

SIGNAL GENERATOR

yd N
z .
SPECIAL ON
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OO OO0 OO O 0000 COo—-.
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oo:s O000 gagQuo O O

MODE 1 MODE 2 MODE 3

sigen65.cdr

120: FM Synthesis

This special function allows you to have the instrument synthesize the FM
signal in a digitized or linear manner. Digitized FM is best for signal-tone
modulation and provides very accurate center frequency at low deviation
rates. Linear FM is best for multi-tone modulation and provides a more
constant group delay than the Digitized FM. The preset condition is FM
Digitized.

124: FM Dly Equalizer

This special function allows you to turn off FM Delay Equializer circuitry.
When [ON] (The preset condition), 3Gec of group delay is added to the
FM modulated signal to get better FM frequency response.

You may want to turn [OFF] the FM Delay Equializer circuitry when the
signal generator is used as the VCO in a phase-locked loop application to
reduce phase shift, of when you want to extend the FM bandwidth to

200 kHz. When [OFF], FM Indicator Accuracy is worse for rates of 1-5 kHz
and better beyond 30 kHz. Refer to the Agilent/HP 8643A/8644B User’s
Guide for specific details.
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Agilent/HP 8665B Frequency Limits

Table 18-9 Agilent/HP 8665B Frequency Limits

1 Minimum Recommended PTR (Peak Tune Range)

Note: Special Function 120 must be enabled for DCFM PTR =FM Deviation x VTR

Model Band Band

Numbe  Option Minimum Maximum Mode 3 Mode 2

r (MHz) (MHz)

8665B 4120 6000 800000 20000000
8665B 3000 4119.99999999 400000 20000000
8665B 2060 2999.99999999 400000 10000000
8665B 1500 2059.99999999 200000 10000000
8665B 1030 1499.99999999 200000 5000000
8665B 750 1029.99999999 100000 5000000
8665B 515 749.99999999 100000 2500000
8665B 375 514.99999999 50000 2500000
8665B 257.5 374.99999999 50000 1250000
8665B 187.5 257.49999999 25000 1250000
8665B 30 187.49999999 200000 5000000
8665B 5 29.99999999 100000 5000000
8665B 0.05 4,99999999 Max FM = MIN(Above, Carrier freq - 9 kHz)

1 Takes into account limited tuning resolution available in linear FM (Special Function 120, refer to “How to Access Special
Functions” on page 18-15).

Agilent/HP 8665B ® The[Mode 2] key provides a median range of FM deviation and RF
Mode Keys output switching time, as shown in the following table.

® The[Mode 3] key provides the lowest noise level at the RF output, FM
deviation bandwidth is narrower, and the RF switching time is slower
than in either Modes 1 or 2.

Table 18-10 Operating Characteristics for Agilent/HP 8665B Modes 2 and 3

Synthisis Mode

Charateristic
Mode 2 Mode 3
RF Frequency Switching Time 200 ms 350 ms
FM Deviation at 1 GHz 1 MHz 100 kHz

Phase Noise (20 kHz offset at 1 GHz) -130dBc -136 dBc
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How to Access Special
Functions

Description of Special
Functions 120 and 124

Reference Graphs and Tables
Agilent/HP 8665B Frequency Limits

Press the “Special” key and enter the special function number of your
choice. Access the special function key by pressing the “Enter” key.Press the
[ON] (ENTER) key to terminate data entries that do not require specific
units (kHz, mV, rad, for example)

Example:

[Special], [1], [2], [O], [ON] (Enter).

SIGNAL GENERATOR

yd N
z .
SPECIAL ON
O OO0 OO O 0o0od OO O &
\gl:l OO0 OO O 0ood |:|
OO OO0 OO O 0000 COo—-.
OO OO0 Ooo O 0000 OO oog OFF
oo:s O000 gagQuo O O

MODE 1 MODE 2 MODE 3

sigen65.cdr

120: FM Synthesis

This special function allows you to have the instrument synthesize the FM
signal in a digitized or linear manner. Digitized FM is best for signal-tone
modulation and provides very accurate center frequency at low deviation
rates. Linear FM is best for multi-tone modulation and provides a more
constant group delay than the Digitized FM.

124: FM Dly Equalizer

This special function allows you to turn off FM Delay Equializer circuitry.
When [ON] (The preset condition), 3&Gec of group delay is added to the
FM modulated signal to get better FM frequency response.

You may want to turn [OFF] the FM Delay Equializer circuitry when the
signal generator is used as the VCO in a phase-locked loop application to
reduce phase shift, of when you want to extend the FM bandwidth to 200
kHz. When [OFF], FM Indicator Accuracy is worse for rates of 1-5 kHz and
better beyond 30 kHz. Refer to the Agilent/HP 8643A/8644B User’s Guide
for specific detalils.
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Connect Diagrams

Connect Diagrams You'll Find in This Chapter

® ES5501A Standard Connect Diagram page 19-2
¢ E5501A Opt. 001 Connect Diagrampage 19-3

¢ ES5501A Opt. 201, 430, 440 Connect Diagranpage 19-4
¢ E5501A Opt. 201 Connect Diagrampage 19-5

® ES502A Standard Connect Diagram page 19-6
¢ E5502A Opt. 001 Connect Diagrampage 19-7

® E5502A Opt. 201 Connect Diagrampage 19-8

® E5503A Standard Connect Diagram page 19-9
¢ ES5503A Opt. 001 Connect Diagrampage 19-10
¢ E5503A Opt. 201 Connect Diagrampage 19-11
® ES504A Standard Connect Diagram page 19-12
¢ E5504A Opt. 001 Connect Diagrampage 19-13
® E5504A Opt. 201 Connect Diagrampage 19-14
¢ E5501B Standard Connect Diagrampage 19-15
¢ E5501B Opt. 001 Connect Diagrampage 19-16
¢ E5501B Opt. 201 Connect Diagrampage 19-17
® E5502B Standard Connect Diagrampage 19-18
¢ E5502B Opt. 001 Connect Diagrampage 19-19
¢ E5502B Opt. 201 Connect Diagrampage 19-20
® ES5503B Standard Connect Diagrampage 19-21
¢ E5503B Opt. 001 Connect Diagrampage 19-22
® E5503B Opt. 201 Connect Diagrampage 19-23
¢ E5504B Standard Connect Diagrampage 19-24
® E5504B Opt. 001 Connect Diagrampage 19-25
® E5504B Opt. 201 Connect Diagrampage 19-26
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Connect Diagrams
E5501A Standard Connect Diagram

E5501A Standard Connect Diagram

HP E5501A Standard Phase Noise System
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Connect Diagrams
E5501A Opt. 001 Connect Diagram

E5501A Opt. 001 Connect Diagram

HP E5501A Opt 001 Phase Noise System
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Connect Diagrams
E5501A Opt. 201, 430, 440 Connect Diagram

E5501A Opt. 201, 430, 440 Connect Diagram

HP E5501A Opt. 201, 430, 440 Phase Noise System
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Connect Diagrams
E5501A Opt. 201 Connect Diagram

E5501A Opt. 201 Connect Diagram

HP E5501A Opt. 201 Phase Noise System
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Connect Diagrams
E5502A Standard Connect Diagram

E5502A Standard Connect Diagram

HP E5502A Standard Phase Noise System
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Connect Diagrams
E5502A Opt. 001 Connect Diagram

E5502A Opt. 001 Connect Diagram

E5502A Opt. 001 Phase Noise System
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Connect Diagrams
E5502A Opt. 201 Connect Diagram

E5502A Opt. 201 Connect Diagram

HP E5502A Opt. 201 Phase Noise System
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Connect Diagrams
E5503A Standard Connect Diagram

E5503A Standard Connect Diagram

HP E5503A Standard Phase Noise System
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Connect Diagrams
E5503A Opt. 001 Connect Diagram

E5503A Opt. 001 Connect Diagram

HP E5503A Opt. 001 Phase Noise System
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Connect Diagrams
E5503A Opt. 201 Connect Diagram

E5503A Opt. 201 Connect Diagram

HP E5503A Opt. 201 Phase Noise System

( A

VXI MAINFRAME
OSCILLOSCOPE oo 0000

CoooO

o o 0 o

10000000
N

o o o

il
\ ) MXI CABLE ) L D:]

HP 70001A MAINFRAME
HP 70420A OPT. 201 HP 70422A

D [
DUT ofe o ’o ” o‘
o o o olo o

J

. 7 \\

HEIB OPTIONAL REFERENCE
SIGNAL GENERATOR

System PC Controller

ooooo

o 00
ooooo

E5500 Software —’

License Key
PC-MXI Card E HP 8563E
—1]

—] < I SPECTRUM ANALYZER

ooooo
= ooooa
[==]
:I' > [ —
= Sc5aao
ooo o
o a

HP 70420A Opt.201 Test Set HP 70422A Downconverter

|

HP 70420A OPT 201 TEST SET HP 704224 DOWNCONVERTER
vl starus
HPIB stats
oooo|oao
ooooloo
_ outeur
INFUT REF INPUT I— [y
SoNAL NOISE S0leiz 1600MHz 12-265 GHe -
=)
0 0 O
Wk
syfsoomz oot | 1o dmaan +rammn
PHASE DET OLTRUT AUxLO
P ANALYZER MONITOR W SIGNAL @
b

12255GHe

TUNE VOLTAGE

® amertbos o
| IETIES 1\ —\ \ iz s \
To DUT To Signal Input Downconverted
RF Output Reference to be Downconverted Output to
Source Test Set Signal Input
RFSA HP E1420 or DC out
Spectrum Analyzer Oscilloscope Tune Voltage

e5500/90001/art/5503a201.cdr

Agilent Technologies E5500 Phase Noise Measurement System 19-11



Connect Diagrams

E5504A Standard Connect Diagram

E5504A Standard Connect Diagram

HP E5504A Standard Phase Noise System
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Connect Diagrams
E5504A Opt. 001 Connect Diagram

E5500 Software
License Key
PC-MXI Card

E5504A Opt. 001 Connect Diagram

HP E5504A Opt. 001 Phase Noise System
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Connect Diagrams
E5504A Opt. 201 Connect Diagram

E5504A Opt. 201 Connect Diagram

HP E5504A Opt. 201Phase Noise System

r 1
VXI MAINFRAME

OSCILLOSCOPE

00 0000

[ 0000000
)

MXI CABLE ' ) \

HP 70001A MAINFRAME
HP 70420A OPT. 001 HP 70427A

r

DUT |=m ofge ‘o Ho ‘
200

o
O

f

7 \,

HP-B

OPTIONAL REFERENCE
SIGNAL GENERATOR

System PC Controller

MXI CABLE

ooOooa

E5500 Software
License Key

PC-MXI Card E

7

HP-IB OPTIONAL RFSA

=

o
DOOOOOQ oo 888 8

—

HP 70420A Opt. 201 Test Set HP 70427A Downconverter

HP 704204 OPT 201 TESTSET

HP 70427A DOWNCONVERTER

HeIE

—STaTUS

o alon] Gooslos]
INPUT REF INPUT QuTRUT
SIGNAL NOISE 50 kHz- 1800MHz 1.2-265GHz AMNOBE AR ABALGES
©®
O 20 ® ®
e T T g o

556

TUNE VOLTAGE

/o) o dn %
- | owisms |\ A\ {w’ 251p5
To DUT To Signal Input Downconverted
RF Output Reference to be Output to Test Set
Source Downconverted Signal Input
RFSA To HP E1420 or DC Out

Spectrum Analyzer Oscilloscope Tune Voltage

e5500/90001 /art/55042201.cdr

19-14 Agilent Technologies E5500 Phase Noise Measurement System



Connect Diagrams
E5501B Standard Connect Diagram

E5501B Standard Connect Diagram

HP E5501B Standard Phase Noise System
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Connect Diagrams
E5501B Opt. 001 Connect Diagram

E5501B Opt. 001 Connect Diagram

HP E5501B Opt 001Phase Noise System
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Connect Diagrams
E5501B Opt. 201 Connect Diagram

E5501B Opt. 201 Connect Diagram

HP E5501B Opt. 201Phase Noise System
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Connect Diagrams
E5502B Standard Connect Diagram

E5502B Standard Connect Diagram

HP E5502B Standard Phase Noise System
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Connect Diagrams
E5502B Opt. 001 Connect Diagram

E5502B Opt. 001 Connect Diagram

E5502B Opt. 001 Phase Noise System
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Connect Diagrams
E5502B Opt. 201 Connect Diagram

E5502B Opt. 201 Connect Diagram

HP E5502B Opt. 201 Phase Noise System
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Connect Diagrams
E5503B Standard Connect Diagram

E5503B Standard

Connect Diagram

HP E5503B Standard Phase Noise System
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Connect Diagrams
E5503B Opt. 001 Connect Diagram

E5503B Opt. 001 Connect Diagram

HP E5503B Opt. 001 Phase Noise System
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Connect Diagrams
E5503B Opt. 201 Connect Diagram

E5503B Opt. 201 Connect Diagram

HP E5503B Opt. 201 Phase Noise System
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Connect Di

agrams

E5504B Standard Connect Diagram
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HP E5504B Standard Phase Noise System
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Connect Diagrams
E5504B Opt. 001 Connect Diagram

E5504B Opt. 001 Connect Diagram

HP E5504B Opt. 001 Phase Noise System
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Connect Diagrams
E5504B Opt. 201 Connect Diagram

E5504B Opt. 201 Connect Diagram

HP E5504B Opt. 201 Phase Noise System
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System Specifications

What You'll Find in This Chapter...

® Specifications page 20-2
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System Specifications
Specifications

Reliable Accuracy

Measurement
Qualifications

Tuning

Table 20-1

Table 20-2

Specifications

The Agilent E5500 phase noise system minimizes measurement uncertainty
by assuring you of accurate and repeatable measurement results.

RF Phase Detector Accuracy

RF Phase Detector Accuracy

Frequency Range Offset from Carrier
.01 Hz to 1 MHz +2dB
1 MHz to 100 MHz +4dB

AM Detector Accuracy

AM Detector Accuracy

Frequency Range Offset from Carrier
.01 Hzto 1 MHz +3dB
1 MHz to 100 MHz +5dB

In order for the E5500 to meet its accuracy specifications, the following
qualifications must be met by the signal sources you are using.

® Source Return Loss: 9.5 dB (<2:1 SWR)
® Source Harmonic Distortion <—20 dB (or a square wave)

® Nonharmonic spurious -26 dBc (except for phase modulation close to
the carrier.

If either of these conditions are not met, system measurement accuracy may
be reduced.

The tuning range of the voltage-controlled-oscillator (VCO) source must be
commensurate with the frequency stability of the sources being used. If the
tuning range is too narrow, the system will not properly phase lock, resulting
in an aborted measurement. If the tuning range of the VCO source is too
large, noise on the control line may increase the effective noise of the VCO
source.
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Phase Noise Customer Support

What You'll Find in This Chapter

® Software and Documentation Updatespage 21-2
® Contacting Customer Support page 21-3
® Phase Noise Customer Support Fax Formpage 21-5
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Phase Noise Customer Support
Software and Documentation Updates

NOTE

Software and Documentation Updates

To receiveSOFTWARE and DOCUMENTATION UPDATES , please
send us your:

® Name

® Address

® Phone number

® Agilent/HP 70420A Test Set serial number

o To find the test set’s serial number, open the door on the lower-front
of the HP 70001A Mainframe.

The following methods are available for sending us the information:
® Phase Noise Hot Line: (707) 577-5859
® Phase Noise e-mail address: phasenoise-spprt_srsd@sr.hp.com

® Phase Noise Fax Number: (707) 577-4446 (UsdPthase Noise
Customer Support Fax Form, page 21-5)
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Phase Noise Customer Support
Contacting Customer Support

NOTE

Contacting Customer Support

Feel free to contact us using one of the methods described Bofware
and Documentation Updates” on page 2ifyou have any questions
regarding theSOFTWARE UPDATE program.

If you have an application question, or are experiencing difficulties with
your system, you may also contact us for assistance.

Please provide as much information as possible when contacting the HP
Phase Noise Customer Support department. If available, please include the
following information:

* A complete description of the problem, or (if asking a question about
system or hardware operation) a brief description of your application.

® A block diagram of the system hardware configuration you are using. If
appropriate, include frequency and power levels for the
device-under-test and reference sources.

® A graph of your measurement, if available. Use the software’s “File
Menu” and “Print” capabilities to provide a graph and parameter
summary.
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Phase Noise Customer Support
Contacting Customer Support

(ﬁ/” HEWLETT

PACKARD

Phase Noise Customer Support Fax Form

Date:

To: Phase Noise Customer Support From:

FAX Number: (707) 577-4446 Phone:

# pages following: FAX Number:

Please call (707) 577-5858 if you have trouble
with the transmission.

Message:
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Connector Care and
Preventive Maintenance

What You'll Find in This Appendix...

® Using, Inspecting, and Cleaning RF Connectorspage A-2
o Repeatability, page A-2
o Proper Connector Torque, page A-3
o Cleaning Procedure page A-4
® Removing and Reinstalling Instruments page A-6
o General Procedures and Techniquegpage A-6
o MMS Module Removal and Reinstallation page A-11
® Touch-Up Paint, page A-12

Agilent Technologies E5500 Phase Noise Measurement System A-1



Connector Care and Preventive Maintenance
Using, Inspecting, and Cleaning RF Connectors

Repeatability

CAUTION

Using, Inspecting, and Cleaning RF Connectors

Taking proper care of cables and connectors will protect your system’s
ability to make accurate measurements. One of the main sources of
measurement inaccuracy can be caused by improperly made connections or
by dirty or damaged connectors.

The condition of system connectors affects measurement accuracy and
repeatability. Worn, out-of-tolerance, or dirty connectors degrade these
measurement performance characteristics. For more information on
connector care, please refer to the documentation that came with your
calibration Kit.

If you make two identical measurements with your system, the differences
should be so small that they will not affect the value of the measurement.
Repeatability (the amount of similarity from one measurement to another of
the same type) can be affected by:

¢ Dirty or damaged connectors

® Connections that have been made without using proper torque
techniques (this applies primarily when connectors in the system have
been disconnected, then reconnected)

Static-Sensitive Devices

This system contains instruments and devices that are static-sensitive.
Always take proper electrostatic precautions before touching the center
conductor of any connector, or the center conductor of any cable that is
connected to any system instrument.

Handle Agilent Technologies instruments and devices only when wearing a
grounded wrist or foot strap. When handling devices on a work bench, make
sure you are working on an anti-static worksurface.
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Connector Care and Preventive Maintenance
Using, Inspecting, and Cleaning RF Connectors

RF Cable and Connectors are the most critical link in a precision measurement system.

Connector Care These devices are manufactured to extremely precise tolerances and must be
used and maintained with care to protect the measurement accuracy and
repeatability of your system.

To extend the life of your cables or connectors:

® Avoid repeated bending of cables—a single sharp bend can ruin a cable
instantly.

® Avoid repeated connection and disconnection of cable connectors.

® Inspect the connectors before connection; look for dirt, nicks, and other
signs of damage or wear. A bad connector can ruin the good connector
instantly.

® Clean dirty connectors. Dirt and foreign matter can cause poor electrical
connections and may damage the connector.

® Minimize the number of times you bend cables.
® Never bend a cable at a sharp angle.
¢ Do not bend cables near the connectors.

® |f any of the cables will be flexed repeatedly, buy a back-up cable. This
will allow immediate replacement and will minimize system down time.

Before connecting the cables to any device:
® Check all connectors for wear or dirt.

® When making the connection, torque the connector to the proper value.

Proper Connector ® Provides more accurate measurements
Torque * Keeps moisture out the connectors

* Eliminates radio frequency interference (RFI) from affecting your
measurements

The torque required depends on the type of connector. Refattie A-1
Do not overtighten the connector. Torque wrenches are supplied in the
calibration and verification kits that came with the system.
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CAUTION

Table A-1

Connector Wear and
Damage

SMA Connector
Precautions

Cleaning Procedure

Table A-2

Connector Care and Preventive Maintenance
Using, Inspecting, and Cleaning RF Connectors

Never exceed the recommended torque when attaching cables.

Proper Connector Torque

Connect Torque Torque Torque Wrench Part
or cm-kg N-cm in-lbs Number
Type-N 52 508 45 8710-1935
2.4 mm 9.2 90 8 8720-1765
3.5 mm 9.2 90 8 8720-1765

SMA 5.7 56 5 8710-1582

Look for metal particles from the connector threads and other signs of wear
(such as discoloration or roughness). Visible wear can affect measurement
accuracy and repeatability. Discard or repair any device with a damaged
connector. A bad connector can ruin a good connector on the first mating. A
magnifying glass or jeweler’s loupe is useful during inspection.

Use caution when mating SMA connectors to any precision 2.4 mm or 3.5
mm RF connector. SMA connectors are not precision devices and are often
out of mechanical tolerances, even when n&wout-of-tolerance SMA
connector can ruin a 2.4 mm or 3.5 mm connector on the first matfrig
doubt, gauge the SMA connector before connecting it. The SMA center
conductor musheverextend beyond the mating plane.

1. Blow particulate matter from connectors using an environmentally-safe
aerosol such as Ultrajet. This product is recommended by the United
States Environmental Protection Agency and contains
chlorodifluoromethane. You can order this aerosol from Agilent
Technologies (se€able A-2.

2. Use an alcohol wipe to wipe connector surfaces. Wet a small swab with
alcohol (from the alcohol wipe) and clean the connector with the swab.

3. Allow the alcohol to evaporate off the connector before making
connections

Cleaning Supplies Available from Agilent Technologies

Product Part Number
Ultrajet 9310-6395
Alcohol wipes: 92193N
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Connector Care and Preventive Maintenance
Using, Inspecting, and Cleaning RF Connectors

Table A-2 Cleaning Supplies Available from Agilent Technologies

Product Part Number
Lint-Free cloths: 9310-4242
Small foam swabs: 9300-1270
Large foam swabs 9300-0468
CAUTION Do not allow excessive alcohol to run into the connedkxcessive alcohol

entering the connector collects in pockets in the connector’s internal parts.
The liquid will cause random changes in the connector’s electrical
performance. If excessive alcohol gets into a connector, lay it aside to allow
the alcohol to evaporate. This may take up to three days. If you attach that
connector to another device it can take much longer for trapped alcohol to
evaporate.
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Connector Care and Preventive Maintenance
Removing and Reinstalling Instruments

Removing and Reinstalling Instruments

General Procedures This section introduces you to the various cable and connector types used in

and Techniques the system. Read this section before attempting to remove an instrument! EA
connector type may have unique considerations. For example, some
connectors are loosened by turning them clockwise, others by turning
counter clockwise.

Always use care when working with system cables and instruments.
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Connector Care and Preventive Maintenance
Removing and Reinstalling Instruments

Turn Counter-Clockwise to Remove,
Clockwise to Tighten.

Note: To reduce risk of damaging
connectors loosen or tighten one
nut a few turns, then the other.

On Double or Triple "Ganged" connectors
make sure Inner Nut DOES NOT turn
when loosening Outer Nut.

HP-IB Type Connector

Turn Counter-Clockwise to Remove,
Clockwise to Tighten.

Precision 3.5mm Connector (Silver Hex Nut)

Turn Clockwise to Disconnect from Cable.
Counter-Clockwise to Reattach Cable.

DO NOT Tumn Gold Hex Nut.

connie88.cdr

Precision 3.5mm Connector (Gold Hex Nut) A

Figure A-1 GPIB and 2.4 mm Connectors
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GPIB Connectors

Precision 2.4 mm and
3.5 mm Connectors

Connector Care and Preventive Maintenance
Removing and Reinstalling Instruments

These are removed by two captured screw, one on each end of the connector;
these usually can be turned by hand. Use a flathead screwdriver if necessary.

GPIB connectors often are stacked two or three deep. When you are
removing multiple GPIB connectors, disconnect each connector one at a
time. Itis a good practice to connect them back together even if you have not
yet replaced the instrument; this avoids confusion, especially if more than
one instrument has been removed.

When putting GPIB connectors back on, you must again detach them from
one another and put them on one at a time.

These are precision connectors. Always use care when connecting or
disconnecting this type of connector. When reconnecting, make sure you
align the male connector properly. Carefully join the connectors, being
careful not to cross-thread them.

Loosen precision 2.4 mm (or 3.5 mm) connectors on flexible cables by
turning the connector nut counter-clockwise with a 5/16 inch wrench.
Always reconnect using an 8 inch-lb torque wrench (part number
8720-1765). This wrench may be ordered from Agilent Technologies.

Semirigid cables are metal tubes, custom-formed for this system from
semirigid coax cable stock.

2.4 mm (or 3.5 mm) connectors with a gold hex nutThe semirigid cables

that go the RF outputs of some devices have a gold connector nut. These do
not turn. Instead, the RF connector on the instrument has a cylindrical
connector body that turns. To disconnect this type of connector, turn the
connector body on the instrument clockwise. This action pushes the cable’s
connector out of the instrument connector.

To reconnect, align the cable with the connector on the instrument. Turn the
connector body counterclockwise. You may have to move the cable a small
amount until alignment is correct the connectors mate. When the two
connectors are properly aligned, turning the instruments connector body will
pull in the semirigid cable’s connector. Tighten firmly by hand.

2.4 mm (or 3.5 mm) connectors with a silver hex nutAll other semirigid
cable connectors use a silver-colored nut taatbe turned. To remove this
type of connector, turn the silver nut counter-clockwise with a 5/16 inch
wrench.

When reconnecting this type of cable:

® Carefully insert the male connector center pin into the female connector.
(Try to make sure the cable is aligned with the instrument connector
properly before joining them.)
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Connector Care and Preventive Maintenance
Removing and Reinstalling Instruments

® Turn the silver nut clockwise by hand until it is snug, then tighten with
an 8 inch-Ib torque wrench (part number 8720-1765). This wrench may
be ordered from Agilent Technologies.

Bent Semirigid Cables  Semirigid cables are not intended to be bent outside of the factory. An
accidental bend that is slight or gradual may be straightened carefully by
hand. Semirigid cables that are crimped will affect system performance, and
must be replaced. Do not attempt to straighten a crimped semirigid cable, its
performance will not be restored.

Other Multipin There are other multipin connectors in the system (Agilent/HP MSIB, for
Connectors example). These are sometimes held in place by a pair of screws.
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Connector Care and Preventive Maintenance
Removing and Reinstalling Instruments

Turn Counter-Clockwise to Remove,
Clockwise to Tighten.

Type-N Connector

Knurled Sleeve

To Remove:

1. Turn knurled sleeve Counter-
Clockwise until it stops turning.

2. Pull straight out.

Power Sensor Connector

To Remove:

1. Push inward.
2. Turn Counter-Clockwise 1/4 turn.

3. Pull straight out gently.

1. Push in and turn Clockwise 1/4 turn.

BNC Connector

Figure A-2 Type-N, Power Sensor, and BNC Connectors
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MMS Module
Removal and
Reinstallation

CAUTION

Connector Care and Preventive Maintenance
Removing and Reinstalling Instruments

To Remove an MMS Module

1.
2.
3.

6.

Set the mainframe line switch to OFF.
Remove all rear panel cables going to the module

On the bottom of the mainframe front panel is a dark-colored, horizontal
access panel. Pry outward at the top of this panel to open it.

With an 8 mm hex-ball driver, loosen the module hex nut latch.

Go to the back of the system and press against the module’s rear panel
and slide the module forward several inches.

From the front of the system, pull the module out.

To Reinstall an MMS Module

1.
2.

Set the MMS mainframe line switch to OFF.

Check the GPIB address switch on the module for the correct address
setting. Refer to the manual for the MMS module for information on the
HP-MSIB switch. For proper address settings, refer to the system
information chapter.

Reinstalling an MMS module without setting the GPIB address will cause
the system to malfunction. (Not all MMS modules use GPIB settings.)

On the bottom of the mainframe front panel is a dark-colored, horizontal
access panel. If necessary, pry outward at the top of this panel to open it.

Slide the module into the mainframe.

Press against the front of the module while tightening the hex-nut latch
(with an 8 mm hex-ball driver).

Close the access panel.

Go to the back of the system and connect intermodule cables.
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Connector Care and Preventive Maintenance
Touch-Up Paint

Touch-Up Paint

Touch-up paint is shipped in spray cans. Spray a cotton swab with paint and
apply it to the damaged area.

Table A-3  Touch-Up Paint

Touch-Up Paint Color Where the Color is Used Part Number

Dove Gray * Front panel frames 6010-1146
 Portions of front handles

French Gray « Side, top, and bottom covers 6010-1147

Parchment Gray « Rack mount flanges 6010-1148

* Front panels
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