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1  Getting Started

Introduction

This guide introduces you to the Agilent E6505A Phase Noise Measurement
System software and hardware. It provides procedures for configuring the
E5500 Phase Noise Measurement software, executing measurements,
evaluating results, and using the advanced software features. It also covers
phase noise basics and measurement fundamentals to get you started.

Use Table 1 on page 27 as a guide to:
e Learning about the E5505A phase noise measurement system
* Learning about phase noise basics and measurement fundamentals

e Using the E5505A system to make specific phase noise measurements.

In this guide you’ll also find information on system connections and
specifications, and procedures for re-installing phase-noise-specific hardware
and software in the system PC.

Installation information for your system is provided in the Agilent E5505A Phase Noise
Measurement System Installation Guide.
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Documentation Map

Table 1  E5505A user’s guide map

Getting Started

1

Learning about the E5505A System  Learning Phase Noise Basics &

Measurement Fundamentals

Using the E5505A for Specific Phase
Noise Measurements

Chapter 1, “Getting Started”

Chapter 2, “Introduction and
Measurement”

Chapter 3, “Phase Noise Basics”

Chapter 4, “Expanding Your
Measurement Experience”

Chapter 5, “Absolute Measurement
Fundamentals”

Chapter 7, “Residual Measurement
Fundamentals”

Chapter 9, “FM Discriminator
Fundamentals”

Chapter 11, “AM Noise Measurement
Fundamentals”

Chapter 17, “System Specifications”

Chapter 18, “System
Interconnections”

Chapter 19, “PC Components
Installation”

Chapter 20, “PC Digitizer Performance
Verification”

Chapter 21, “Preventive
Maintenance”

Chapter A, “Service, Support, and
Safety Information”

Chapter 6, “Absolute Measurement
Examples”

Chapter 8, “Residual Measurement
Examples”

Chapter 10, “FM Discriminator
Measurement Examples”

Chapter 12, “AM Noise Measurement
Examples”

Chapter 13, “Baseband Noise
Measurement Examples”

Chapter 14, “Evaluating Your
Measurement Results”

Chapter 15, “Advanced Software
Features”

Chapter 16, “Reference Graphs and
Tables”
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1  Getting Started

Additional Documentation

You can access the complete set of PDF documents that support the E56505A
system through the system GUI. (Adobe® Acrobat Reader® is supplied.)
Navigate the menu as shown in Figure 1. The files are stored on the system PC
hard drive and on the E5500A software CD. Be sure to explore the E56500 Help
menu for additional information.

The E5505A system documentation includes:

e Agilent E5505A Phase Noise Measurement System Installation Guide

e Agilent E5505A Phase Noise Measurement System User's Guide
e Agilent N5501A/N5502A Phase Noise Downconverter User's Guide
e Agilent N5507A Phase Noise Downconverter User's Guide

e Agilent N5500A Phase Noise Test Set User's Guide

e Agilent E5500 Series Phase Noise Measurement Systems SCPI Command

Reference

e Agilent E5500 Phase Noise Measurement System Online Help

W Windows Catalog
@ windaws Update
I Accessories

@ Adobe
[T Agient 10 Librariss

Figure 1

28
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Navigate to system documentation
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System Overview

The E5505A Phase Noise Measurement System provides flexible sets of
measurements on one-port devices such as voltage controlled oscillators
(VCOs), dielectric resonator oscillators (DROs), crystal oscillators, and
synthesizers, and on two-port devices such as amplifiers and converters. The
E5505A system measures absolute and residual phase noise, AM noise, and
low-level spurious signals, as well as CW and pulsed signals. It operates in the
frequency range of 50 KHz to 26.5 GHz.

The E5505A phase noise measurement system combines standard
instruments, phase noise components, and PC software for maximum
flexibility and re-use of assets. The system PC operates under Windows XP
Professional or Window 7 and controls the system through the E5500
measurement software. The E5500 software enables many stand-alone
instruments to work in the system. This standalone-instrument architecture
easily configures for various measurement techniques, including the phase-
lock-loop (PLL)/reference-source technique, and delay-line and FM-
discriminator methods.

The E5505A system is available as a one-bay wide, System II rack and as a
benchtop model. Due to the system’s flexibility, the hardware in the system
varies greatly with the options selected. You may be installing instruments you
already own in the system as well. A typical system includes these
components:

¢ Advantech or Kontron custom PC with digitizer card assembly
e 15-inch display (flat-panel or standard), keyboard, and mouse
* Windows XP or Window 7 operating system

e Agilent E5500 Phase Noise Measurement software

* Phase noise test set

e Downconverter

e RF source

Additional instruments may include a spectrum analyzer, oscilloscope,
RF counter, power meter, and power splitter.

For detailed information on the instruments in your E5505A phase noise measurement
system, refer to the individual instrument user guides (provided on DVD-R).
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Figure 2 shows a typical configuration of an E5505A benchtop system.

e
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Figure 2  E5505A benchtop system, typical configuration

The E5505A replaces earlier Agilent E5500A/B series phase noise systems,
which are based on MMS technology. The E5505A system uses GPIB
communication and certain instruments have been redesigned with GPIB
functionality. However, the E5505A system and E5500 software are backwards
compatible with earlier systems and instruments, including the MMS
mainframe. You may easily integrate existing assets into your E5505A system.
Table 2 shows the E5505A instruments and earlier-model equivalents.

Table 2 Equivalent system/instrument model numbers

System or Instrument New Number Old Number

Phase noise measurement E5505A E5501A, E5501B, E5502B,

system E5503A, E5503B, E5504A, E5504B
Test set N5500A 70420A

6.6 GHz downconverter N5501A 70421A

18 GHz downconverter N5502A 70422A

26.5 GHz downconverter N5507A 70427A, 71707A

Microwave source N5508A 70428A, 71708A
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2 Introduction and Measurement

Introducing the GUI

The graphical user interface (GUI) 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 defining process.

The system provides three default segment tables. To obtain a quick look at
your data, select the “fast” quality level. If it is important to have more
frequency resolution to separate spurious signals, use the “normal” and “high
resolution” quality levels. 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

e Color printouts to any supported color printer

Figure 3 on page 33 shows an example of the GUI.
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Figure 3  E5500 graphical user interface (GUI)
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Introduction and Measurement

Designing to Meet Your Needs

34

Beginning

The E5505A 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 your Agilent E5505A Phase Noise Measurement System
Installation Guide now. Once you have completed the installation procedures, return to
“E5505A Operation: A Guided Tour" on page 35 to begin learning how to make noise
measurements with the system.

The section “E5505A Operation: A Guided Tour" on page 35 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 should be
prepared to start Chapter 4, “Expanding Your Measurement Experience. After
you have completed that chapter, refer to Chapter 14, “Evaluating Your
Measurement Results for help in analyzing and verifying your test results.
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E5505A Operation: A Guided Tour

This measurement demonstration introduces 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 N5500A Phase Noise Test
Set’s low noise amplifier. (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 E5505A Phase Noise Measurement System
Installation Guide if you need information about setting up the hardware or
installing the software.)

How to begin

Follow the setup procedures beginning on the next page. The phase noise
measurement system displays a setup diagram that shows you the front panel
cable connections to make for this measurement.

If you need additional information about connecting instruments, refer to Chapter 18,
“System Interconnections.”
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Powering the System On

This section provides procedures for powering on a racked or benchtop
system. First connect your system to an appropriate AC power source, then
follow the steps below.

m Before applying power, make sure the AC power input and the location of the
system meet the requirements given in Chapter 17, “System Specifications.”

Failure to do so may result in damage to the system or personal injury.

Warm-up Time: The downconverter and RF source instruments contain ovenized
oscillators which must warm up for 30 minutes to produce accurate measurements.

Standby Mode: The RF source uses a standby mode to keep the ovenized oscillator warm
when the instrument is connected (plugged in) to AC power, even when the power switch
is in the off position. To completely shut down the instrument, you must disconnect it from
the AC power supply.

To power on a racked system
1 Press the system power switch (front, top right of the rack) to the on
position.
2 Verify that all instrument power switches are on.

3 Allow the system to warm up for 30 minutes.

To power on a benchtop system

1 Press the power switch on each instrument to the on position.

2 If you have the system connected to a safety power strip, turn the strip’s
power switch to the on position.

3 Allow the system to warm up for 30 minutes.
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Starting the Measurement Software

Introduction and Measurement

1 Place the E5500 phase noise measurement software disk in the DVD-R

drive.

2 Using Windows Start menu as in Figure 4, navigate to the E5500 User
Interface.

Internet

Tnternet Explorer
W) E-mail

Outlock Express

Set Program Access
Defaults

@ Windows Media Flay
@ Tour Windows XP
\'.':a indaws Mavie Mal

Files and Settings Tr
25 wrizare

‘VR WordPad

AII Programs I & windows Media Player

@ set Program Access and Defauls

W Windows Catalog
@ Windows Update

1) Accessories »
I Adobe 3
I Agilent 10 Libraries 3

v | fGE IR () Asset Control Panels ¥
1) Agilent visa Com 10 4 @) Documents »
I Ahead Nero 3 @ ESS00 User Interface
1) Games 3 =¥f ESS00 Asset Manager
I National Instruments v ©) ESS00 Help
1) startup » [2] ESS00Readme
17 Ulead DWD MovieFactory 2 » ESS00 SCPI Assistant
1 sipnp + ©) ES500 5CPI Help
I Winbend HWDactar 3 W ESS00 SCPLInterface
I Windaws Preinstalstion kit v % ES500 Shutdown
1T rite DUDI » ] EsS00 eb Page
B Internet Explorer 4 Uninstall Agilert ES500
1) outlook Express
o Remote Assistance

Figure 4 Navigation to the E5500 user interface

2

3 The phase noise measurement subsystem main screen appears (Figure 5 on
page 38).
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Figure 5 Phase noise measurement subsystem main screen

The default background for the screen is gray. You can change the background color by
selecting View/Display Preferences and clicking on the Background Color button.
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Performing a Confidence Test

This first measurement is a confidence test that functionally checks the
Nb5500A test set’s filters and low-noise amplifiers using the test set’s low noise
amplifier. The phase detectors are not tested. This confidence test also
confirms that the test set, PC, and analyzers are communicating with each
other. To conduct the test, use a file with pre-stored parameters named
Confidence.pnm.

1

2
3
4

open 2| x|

On the E5500 GUI main menu, select File\Open.

If necessary, choose the drive or directory where the file you want is stored.
In the File Name box, select Confidence.pnm (Figure 6).

Click the Open button.

Laak in: | ‘23 ES500 Phase Noise ~| « @ cf B
_1a.02.27 beta 2 |9 BEnoise_without_testset_E1430,pnm
;I Diocs @ BEnoise_without_keskset PCDig. prm
" visa @ Zonf_SigGen_10MHz.prm
@ AM_noise_1ghz_S644b. pnm Zonfidence. pnm
@ BEnoise_with_kestset, pnm @ DemolMode, prm

@ BEnoise_without_teskset 39410, pnm @ FreeRF.pnm

a | s

File name: | Confidence. prm Open I
Filez of type: I.ﬁ.gilent EB500 Meazurerment Files [*.prim) ;l Cancel I
A

Figure 6  Opening the file containing pre-stored parameters

The appropriate measurement definition parameters for this example have
been pre-stored in this file. Table 3 on page 43 lists the parameter data that
has been entered for the N5500A confidence test example.

To view the parameter data in the software, navigate to the Define
Measurement window. Use Figure 7 on page 40 as a navigation guide. The
parameter data is entered using the tabbed windows. Select various tabs to
see the type of information entered behind each tab.
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7 Confidence. pnm - ES500 Phase Noise Measurement Subsystem
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ik,

EFT Segment Table | agijent ES500

Swept Segment Table ___
= || TweandRange |cal | Block Diagram | Test Set | Graph |
Ll [Baseband Noise fusing atestset)
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Figure 7  Navigating to the Define Measurement window

6 Click the Close button.

Beginning a measurement

1 From the Measure menu, choose New Measurement. See Figure 8.

1=

(i Externally loaded file - Agilent E5500 Phase Noise Measurement Subsystem

File Edit Wiew Define | Measure Analyze System  Help
NEFIEE o| @l E| %]

! asurement

Repeat Measurement
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Figure 8 Navigating to the New Measurement window
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2 When the Do you want to Perform a New Calibration and Measurement?
dialog box appears, click Yes. See Figure 9.

Agilent E5500

l',

-\‘_./ Do vwau wank bo perform a hew Calibration and Measurement?

Figure 9  Confirm new measurement

3 Connect the equipment per Figure 10 and ensure the signal output is

turned off.
-
Agilent E5500 ]nstru_merlt Connections ) \ — o a . M
Werify Connections
Jun 26, 2012 11:24:33
OUTPUT]

O O
O O

3
M E;

o

On Confidence Test, a signal source is not used.
Instead, a connector to OUTPUT is terminated by 50 ohm impedance.

 Contral Panel

FFT Analyzer | Swept Analyzer | Test Set | [ownconyverter | Fhase Shifter |

Carrier Source | Fieference Source | Fiesidual Source | Calibration Source | Frequency Eounterl

Ieter

Center ID 3: Waoltz  Range +/- I‘ID Walts
Continue I

[ = = = —— — =

— Tuning Yoltage —
| Optimize Downconyverter |

Abart | Local |

Figure 10 Setup diagram displayed during the confidence test.
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Making a measurement

1

Press the Continue button.

Because you selected New Measurement to begin this measurement, the
system starts by running the routines required to calibrate the current
measurement setup.

Figure 11 on page 42 shows a typical baseband phase noise plot for an

phase noise test set.

!;Ei Confidence.pnm - Agilent ES500 Phase Moise Measurement Subsystem

File Edit View Define Measure Analyze System Help

D] 8r £ Clele x|E| =l of 2| |

AGILENT E5500 Phase Noise System Confidence Test
Aglent E5500 16 Dviar 2000 10:50:34 - 10:51:26

100 1K 10K 100K 1M 10M
Swih) [dBV/Hz] ws £ [He]

Measurement complats, |LOCAL [IDLE

Figure 11 Typical phase noise curve for test set confidence test

Sweep segments

When the system begins measuring noise, it places the noise graph on its
display. As you watch the graph, you 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.

Agilent E5505A User’s Guide



Congratulations

Introduction and Measurement 2

You have completed a phase noise measurement. This measurement of the test
set’s low noise amplifier 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 in Figure 11, you can be confident
that your system is operating normally.

Learning more

Continue with this demonstration by turning to Chapter 4, “Expanding Your
Measurement Experience to” learn more about performing phase noise
measurements.

Table 3 Parameter data for the N5500A confidence test example

Step

Parameters

Data

1

Type and Range Tab
Measurement Type
Start Frequency
Stop Frequency

Minimum Number of Averages

FFT Quality
Swept Quality

Cal Tab
Gain preceding noise input

Block Diagram Tab
Noise Source

Test Set Tab

Input Attenuation

LNA Low Pass Filter

LNA Gain

DC Block

PLL Integrator Attenuation

* Baseband Noise (using a test set)
* 10Hz

* 100 E + 6 HZ'

° 4

* Fast

* Fast

0dB

Test Set Noise Input

* 0dB

* 20 MHz (Auto checked)

* Auto Gain (Minimum Auto Gain —14 dB)
* Not checked

* 0dBm
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Table 3 Parameter data for the N5500A confidence test example

Step Parameters Data
5 Graph Tab
Title * Confidence Test, N5500A low noise amplifier.
Graph Type * Base band noise (dBv/Hz)
X Scale Minimum * 10 Hz
X Scale Maximum * 100 E+6Hz
Y Scale Minimum * 0dBv/Hz
Y Scale Maximum * —200 dBv/Hz
Normalize trace data to * 1 Hz bandwidth
Scale trace data to a new carrier
frequency of: * 1 times the current carrier frequency
Shift trace data DOWN by * 0dB
Trace Smoothing Amount « 0

Power present at input of DUT 0dB

1 The Stop Frequency depends on the analyzers configured in your phase noise system.
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Powering the System Off

To power off a racked system
1 On the E5500 software menu, select File\Exit. Always shut down the E5500
software before powering off the E5505A system.

2 Press the system power switch (front, top right of the rack) to the off
position.

Always shut down the E5500 software before powering off the E5505A system.

Failure to do so may produce errors in the stem, and result in an inoperable system
or inaccurate measurements. If you do receive errors during shutdown, startup, or
operation, use the E5500 Shutdown utility to restore functionality to the system.

To power off a benchtop system

1 On the E5500 software menu, select File\Exit.

2 Press the power switch on each instrument to the off position.

Using the E5500 Shutdown Utility

If you receive error messages during the power on or off procedures, or during
operation, use the E5500 Shutdown utility to shut down the system. This
utility automatically fixes most errors and restores functionality to the system.
If you still receive errors after running the E5500 Shutdown utility, call your
local Agilent Technologies Service Center.

To run the E5500 Shutdown utility

1 Double-Click on the E5500 Shutdown utility shortcut on the PC desktop
and follow the onscreen instructions. (You can also navigate to it using the
menu path Start/Agilent Subsystems/E5500 Phase Noise/Shutdown.)

Figure 12 Shutdown utility icon

2 When the shutdown utility has finished, use the Start menu to shut down
the PC. Then power the system off.
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Phase Noise Basics

What is Phase Noise?

48

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) = Vgsin2afot
Where Vg = nominal amplitude,
Vosin2zfot = linearly growing phase component,
and fg = nominal frequency
But an actual signal is better modeled by
V(t) = [Vo+ &(t)|sin|2afot + A@(t)|
Where £(t) = amplitude fluctuations,
and A@(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) as in Figure 13 on
page 49.
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|

eb505a_user RF_sideband.ai f
rev2 10/20/03

—hy

Figure 13 RF sideband spectrum

Phase terms

There are two types of fluctuating phase terms:
e spurious signals

* phase noise

Spurious signals

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

Phase noise

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.

Spectral density 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 So(1) (Figure 14 on
page 50) may be considered as:
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S(f) = A¢2r ms(f) _ rad?

BW used to measure A¢rms Hz
Where BW (bandwidth is negligible with respect to any changes in Sy versus
the fourier frequency or offset frequency (f).

L(f) Another useful measure of noise energy is L(f), which is then directly
related to So(1) 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 radian (A¢,<< radian).

L(f) = 3S4p()

Ad rms

Vv

0 HZ e5505a_user_CW_sidebands_freq.ai
rev2 10/20/03

Figure 14 CW signal sidebands viewed in the frequency domain

L(f) is an indirect measurement of noise energy easily related to the RF power
spectrum observed on an RF analyzer. Figure 15 shows that the National
Institute of Standards and Technology (NIST) defines L(f) as the ratio of the
power--at an offset (f) 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 and (f) equals the Fourier frequency or offset frequency.

power density (in one phase modulation sideband) _ Pssh

LM = total signal power Ps

= single sideband (SSB) phase noise to carrier ration (per Hertz)
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€5505a_user_derivingL_RF_display.ai f f
rev210/20/03 a f

Figure 15 Deriving L(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 shown in Figure 16. This chapter, except
where noted otherwise, uses the logarithmic form of L (f) as follows:

Saf(f) = 2f2 L(f).

-100
-120
-140

-160 .
Offset from Carrier f

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

Figure 16 L(f) Described Logarithmically as a Function of Offset Frequency
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Caution must be exercised when L (f) is calculated from the spectral density of
the phase fluctuations S¢(f) because the calculation of L(f) is dependent on
the small angle criterion. Figure 17, the measured phase noise of a free
running VCO described in units of L(f) , illustrates the erroneous results that
can occur if the instantaneous phase modulation exceeds a small angle line.
Approaching the carrier L(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 17 shows 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 calculation of L(f) remains
valid. Above the line the plot of L(f) becomes increasingly invalid, and S¢(f)
must be used to represent the phase noise of the signal.

- 1
I -30dBc/H .
at1Hz m

() dBcHz

-10dB/decade —

80— (1 ) valid <

100 F \\b —

-120 AN :

) L . 4 ) L il il l T - I

10 100 1k 10k 100k 1M 10M
f Offset from Carrier (Hz)

Figure 17 Region of validity of L(f)
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Expanding Your Measurement Experience

Make sure your computer and monitor are turned on.

Place the E5500 Phase Noise Measurement System software disk in the disc
holder and insert in the DVD-R drive.

Using Figure 18 as a guide, navigate to the E5500 User Interface.

Internet
Inkernst Explorer
W E-mail

Outlook Express

Set: Frogram ficcess
Defaults

@ windouws Miedia Play
@ Tour Windows 57
=

\'w'.‘ﬁ windowns Movie M)

Files and Settings Tr.
izard

m \tiordPad

nll Programs ‘ @ Windows Media Player

@ Set Program Access and Defauls

5 Wiindows Catalog

@ Windows Update

I Accessories
I Adabe
) Aglert 10 Libraries

3

3

»
@ Aglent 5 s 3
() Agient Visa Com 10 3
I Ahead Nero 3
I Games r
I7) Wational Instruments r
I Startup »
|} Ulead DVD MavieFactory 2 3
I vxiprp »
T winbond HwDoctor r
() Windaws Preinstalation Kit 3
e Write DUD! 3
& Internet Explorer
(4 outlook Express

o Remote Assistarce

1730 Assek Control Panels
1) Documents

@ ES500 User Interface
=8 E5500 Asset Manager
) ES500 Help

[l ES500 Readme
ES500 SCPI Assistant:
©) ESS00 SCPIHelp

) ESS00 SCPIInterface
¥ ES500 Shutdown

& ESS00'Web Page

3 Uninstall aglent E5500

»

»

Figure 18 Navigate to E5500 user interface
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Using the Asset Manager

Use the Asset Manager to add assets to your E5505A system. The process is
essentially the same for any asset, including reference sources. In fact, the
procedure in this section uses an Agilent 8663 source as an example. (The
procedure applies to all Agilent sources, including the 8257x series.)

Adding an asset involves two steps once the hardware connections have been
made:

¢ Configuring the asset

¢ Verifying the server hardware connections.

Be sure to power off the system before making all hardware connections other than GPIB.
Connecting assets with the power applied can result in personal injury and damage to the
hardware. (For more information on connecting assets, see Chapter 18, “System
Interconnections)

Configuring an asset

This procedure demonstrates how to add an asset to the E5505A system.

1 Using Figure 19 as a guide, navigate to Asset Manager. For this example we
invoke the Asset Manager Wizard from the E5500 main screen. This is the
most common way to add assets.

@ Untitled - Agilent E5500 Phase Noise Measurement Subsystem
File Edit Wiew Define Measure Analyze Help

D|=H| 2k £ C|%o
Agilen
0 Al ent ES300 Carrier: SO0EA ]

Asset Manager. .,
Asset Control Panels
Server Hardware Connections...

» bige Measurement
RIul 1997 165157 16:5319

Select Measurement Server ..,

-20- --- Initiate Self Test

10 100 Jiie 10K 100K 1M
L [dBe/Hz] vz £ [Hz)

Launch &sset Manager LOCAL IDLE

Figure 19 Navigate to Asset Manager
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2 Select Add in the Asset Manager window. See Figure 20.

2% Asset Manager

0

Server Optiors  Help
t| I | | o %
;I— Propertics —U J J
U] Base  pemove Property Value
M[=] cour fissel Mame:
| Check Asset Interface:
[&] Downcomverter :qddﬁs; o
iodel Number:
Aglent/HP TIMZZAINSE07A | OU8 M
[] FFT Analyzer pyitintin
NIPCIE111-1 ACM Fileniame:
Phase Shifter Library:
| Source Comment:
Swepk Analyzer
HP E44114
[@] Test 5et
Agilent/HP 704208 {NS5004
[&] Time Base
& |3
Add & new asset to the current server Local Server

Figure 20 Navigate to Add in Asset Manager

3 From the Asset Type pull-down list in Choose Asset Role dialog box, select
Source, then click Next. See Figure 21.

Choose Asset Role &l

Y'ou are now adding a new azzet. Pleaze zelect the role
you wart for thiz aseet:

Aszzet Type: LJ
Bazeband Source ~
Counter =
D owncorverter :
FFT finalyzer —
Phase Shifter

| Mext > |

Cancel ‘ Help

Figure 21 Select source as asset type
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4 Click on the source to be added, then click the Next button (see Figure 22).

Choose Supporting ACM

“ou must select from the following list the source
model number you want to uze.

If you do not see the model number pou want to use,
you will need to install a new or updated Azzet Contral
Module. Thiz can be done by instaling an updated
verzion of the subsystemn which supparts pour device.

Agilent/HP 86434
Agilent/HF 3E44E
Angilent/HP BERTA
Agilent/HF SES7E
Agilent/HP BEEZE,

[

|i£

< Back | Mext > | Cancel Help

X

Figure 22 Choose source

5 From the Interface pull-down list, select GPIBO. See Figure 23.
6 In the Address box, type 19.

19 is the default address for a source. Table 4 on page 63 shows the default GPIB address
for all system instruments.

7 In the Library pull-down list, select the Agilent Technologies VISA. Click
the Next button.

Select Interface and Address

You will now need to zelect the interface through which
you will talk to the azzet and the azset's addresz on that
interface:

Interface: |GFIED -
Address: 19

Library: i.ﬂqgilent Technologies W54 LJ

< Back | Mest > | Cancel Help

X

Figure 23 Select I/0 library
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8 In the Set Model & Serial Numbers dialog box, type in your source name
and its corresponding serial number. Click the Next button. See Figure 24.

Set Model & Serial Numbers

*Y'ou will need to enter your aszet's name and zerial
number:

Azset Mame: [Agilent/HP 8EE3
Serial Mumber [optional), (020243

< Back | Mest > | Cancel ‘ Help

X

Figure 24 Enter asset and serial number

9 In the Enter A Comment dialog box, you may type a comment that
associates itself with the asset you have just configured. Click Finish. See

Figure 25.

Enter A Comment

Congratulationz! vou have added a new asset to your
agget gerver. |F pou would like, you may enter an asset
cammett far paur awn use.

Once pou retur to the main screen, you may alzo want
to perfarm an 140 check on thiz aszet. vou can da this
by uzing the check mark ican,

‘Wiite a comment here.
Carmment:

< Back | Finizh | Cancel Help

]

Figure 25 Enter comment
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10 In the Asset Manager window, select the source in the left window pane.
Click the check-mark button on the toolbar to verify connectivity. See
Figure 26.

2. Asset Manager

Server Asset Options Help

sil6s] olalx] v m-| o ¥l

U] Baseband Source aperty Value
] Counker me: agilentiHP 86534
agilent/HP 531814 e GPIED
Downconverter A 19
Podel Minber: agilentiHP 86534

Agilent/HP 70427 AINSS07A Serial Number: 20E4E

[ FF1 Analyzer ACH ID: {DIEECES3-9CE1-11D0-6088-00A0246D39AE}
MIPCIEL11-1 ACH Filename: CHPROGRA1 Agilent MEASUR~1\ESS00P~1 | HPE6ES, exe
Phase shifter Library: prhpyisa3z.di
] source Camment: Write @ comment: here.

[] swept Analyzer
HP E44114

[] Test Set
Agilent/HP 704204/NSS004
[©] Time Biase
£ | 3
For Help, press Fi Local Server

Figure 26 Click check-mark button

* The Asset Manager displays a message verifying the connection to your
asset. This indicates that you have successfully configured a source. (See
Figure 27.)

Asset Manager

The connection ko vour selected asset AgilentfHP 86634 has been successfully verified,

Figure 27 Confirmation message

11 To exit the Asset Manager, on the menu select Server/Exit.

1

12 Perform the procedure “Using the Server Hardware Connections to Specify

the Source" on page 60.
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Using the Server Hardware Connections to Specify the Source

1 From the System menu, choose Server Hardware Connections. See
Figure 28.

Fle Edt Wiew Define Messre Anabze Help

DiFE| Sn| g DlEs o
RF Sy_¢

* i using DCFM

Apr 2004 16

100 1K 10K 1HE 1M 10M LOOM

1w Lif) [dBe /Hz] vs f [Hz]
IEck hardwars configuration on server LOCAL IDLE

Figure 28 Navigate to server hardware connections

2 Select the Sources tab shown in Figure 29.

Agilent E5500 Server Hardware Connections E”E‘

General Assets  Souces

Carrier Source: Fieference Source

| [Cre— | 3 [ -l
Residual Source imekba:

At inaraan | i | =]
Calibration Source -

Sk [ marasl) -

W= e e

&ssel Manager

Figure 29 Select Sources tab
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3 From the Reference Source pull-down list, select Agilent 8663A.

a A green check-mark appears after an automatic I/O check has been
successfully performed by the software. If nothing happens, click the
Check I/0 button to manually initiate the check.

Agilent E5500 Server Hardware Connections @@

General dssets  Saurces |

Fieference Souce

Cavter Soutce:
ekl [(manual) v | [T

1~ Residual Source T
w [manan - J [ =]

Calibration Source

gkl [(manual) -

W= [ c

Asset Manager

lick
Figure 30 Successful 170 check

b A red circle with a slash appears if the I/O check is unsuccessful.

Agilent E5500 Server Hardware Connections @@

General dssete  Saurces |

Reference Source

i
] [imerua) @ [agient/HP Be534 =

Residual Source - T ebia
i marma | I i =]

Calibration Source

H [imanual -

= e c

Asset Manager ® Asset not responding. Check connections and Asset Manager.
Close Help

Figure 31 Failed 1/0 check

¢ If the I/O check fails, click the Asset Manager button to return to the
Asset Manager (see Figure 31).

d In the Asset Manager, verify that the 8663A is configured correctly. Do
the following:
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Check your system hardware connections.

Click the green check-mark button on the Asset Manager’s toolbar to
verify connectivity.

Return to Server Hardware Connections and click the Check I/0
button to re-check it.

Use the same process to add additional assets to your E5505A system.
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Expanding Your Measurement Experience

1

Table 4 shows the default GPIB addresses for the E5505A system instruments.
If you need to change a GPIB address to prevent a conflict between assets, use
the Asset Manager as shown in the easy procedure starting on page 64.

Table 4 Default GPIB addresses

Instrument Address
Test set 20
Downconverter 28
Microwave downconverter 28
RF analyzer 17
FFT analyzer (PC digitizer card) 1
FFT analyzer (89410A) 18
Source # 1 19
Source # 2 23
Counter 3
Agilent E1430 VXI digitizer’ 129
Agilent E1437 VXI digitizer' 192
Agilent E1420B VXI counter’ 48
Agilent E1441 VXI ARB! 80
Agilent GPIB slave Port 22

1 The E5500 software supports this instrument although it is not part of the standard E5505A system.
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To change the GPIB address

1 On the E5500 main menu, select System/Asset Manager. See Figure 32.

@ Untitled - Agilent E5500 Phase Noise Measurement Subsystem
Help

Local J
[ ager

File Edit View Define Measure Analyze

nager...

D SR SR g C[E o) e
Asset Cantrol Panels 3

Agilen
Server Hardware Connections...

i Agilent 5500 Carrier: S00E+ |

ize Measurement
Jul 1997 16:51:57 - 16:53:19

Select Measurement Serwver...

Initiats Self Test

=N
=
T

1K 10K
L@ [dBc/Hz] ws £ [Hz]

a0

Launch Asset Manager

100K

LOCAL

M

IDLE

Figure 32 Asset Manager on System menu

2 Double-Click on the desired instrument in the Asset Manager list (left

pane). See Figure 33.

2. Asset Manager

Server Asset  Options  Help

‘=1:_] Source

wf| &) ol %] v| |~ &
:ﬂ:] Baseband Source Froperty Walue
| Counter Asset Mame: Agilent/HP 704204/M55004
Downconverker Inkerface: GPIED
| FFT Analyzer n'qﬂdddrelsbj: b ZAU'l £{HP 704204{NS5004
odel Kurmber: gilen
Phase shifter Serial Mumber: 123456

{ECFE647 3-94FF- 1 1D0-80E5-00A0Z 46D 3NAE]
CHPROGRA~ 1 Agilenti MEASUR~11ESS00P~1HP7O420, exe

ACM 1D
% Swept Analyzer ACM Filename:
[] Test Set Library: prhpvisa3z.di
Agilent/HP 704208/M55008 | Comment: You can bype a comment here.
@] Tirne Base

<

For Help, press F1

Local Server

Figure 33 Asset Manager window
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3 Type the desired address in the dialog box. See Figure 34.

Asset Properties - Agilent/HP ... EJ@

AT VT il=nt/H P 704204, /M EE 00

Aszet Tvpe: lﬁ
Interface: ’m
Address: |207¢

todel Mumber: ,mw
Senal Number: ,7 M
Librany: W
Commeht: ’7

I 2l

ok | Caricel I

Figure 34 GPIB address dialog box

4 Click OK.

b To exit the Asset Manager, on the menu select Server/Exit.

Next proceed to one of the following absolute measurements using either an
Agilent 8257x or an Agilent 8644B source:

e “Testing the 8663A Internal/External 10 MHz" on page 66.
e “Testing the 8644B Internal/External 10 MHz" on page 81.
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Testing the 8663A Internal/External 10 MHz

66

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

To prevent damage to the test set’s hardware components, do not apply the input
signal to the signal input connector until the input attenuator has been correctly
set for the desired configuration, as shown in Table 6 on page 73. Apply the input
signal when the connection diagram appears.

Required equipment

This measurement requires an Agilent 8663A in addition to the phase noise
test system and your device under test (DUT). You also need the coaxial cables
and adapters necessary to connect the DUT and reference source to the test
set.

To ensure accurate measurements allow the DUT and measurement equipment to warm
up at least 30 minutes before making the noise measurement.

Defining the measurement

1 From the File menu in the E5500 User Interface, choose Open. If necessary,
choose the drive or directory where the file you want is stored.

2 In the File Name box, choose “Conf_SigGen_10MHz.pnm.” See Figure 35.

open R 2|

Laak in: I i3 EB500 Phass Maise _'_i = cf ER-
_1a.02.22 beta 2 El BEnoise_without_testset_E1430.pnm
;I Docs @ BBraise_without_testset PCDig.pnm
;I ‘Wisa @ Conf_SigGen_10MHz.prim
ﬂ AM_noise_1ghz_S644b.prm Canfidence.prm
£| BEnoise_with_testset. pnm @ DemoMode. prim
ﬂ BBnoise_without_testset 59410,pnm !ﬁ FreeRF.prim
K i
File name:  |Corfidence. prm Open I
Files of type: I.-’-'l.gilent ES500 Meazurement Files (7 prim) _:I Cancel !

i

Figure 35 Select the parameters definition file
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3 Click the Open button.

1

The appropriate measurement definition parameters for this example have
been pre-stored in this file. Table 7 on page 79 lists the parameter data that
has been entered for this measurement example.)

Note that the source parameters entered for step 2 in Table 7 on page 79 may not be
appropriate for the reference source you are using. To change these values, refer to Table 5
on page 68, then continue with step 4 below. Otherwise, go to “Beginning the
measurement” on page 71.

4 Using Figure 36 as a guide, navigate to the Sources tab.

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

b Enter the VCO (Nominal) Tuning Constant (see Table 5 on page 68).
¢ Enter the Tune Range of VCO (see Table 5).

d Enter the Center Voltage of VCO (see Table 5).

e Enter the Input Resistance of VCO (see Table 5).

@ Confidence Tes!

8663A Int vs Ext 10 MHz -

E5500 Phase Hoise Measureme... !E[ E

File Edit Wiew

NEENE

Limit Lines...

Security Level...

FFT Seament Takle

Sweept Segment Table

e5505a_user_enter_source_info
24 Jun 04 rev3

Figure 36 Enter Source Information
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- Detectar Input Frequency Fieference Source
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o

41 |

L0 Tuning P
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Preset |

from +4- 0.20 to +/- 10,00 Valts,

az required by the current Center Voltage setting.

Claze

Help |
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Table 5 Tuning characteristics for various sources

VCO Source Carrier Tuning Constant Center  Voltage Input Tuning
Freq. (Hz/V) Voltage Tuning Range Resistance Calibration
(V) (xV) (Q) Method

Agilent 8662/3A

EFC Vg 5E-9xv 0 10 1E+6 Measure

DCFM FM Deviation 0 10 1K (8662) Compute
600 (8663) Compute

Agilent 8642A/B FM Deviation 0 10 600 Compute

Agilent 8644B FM Deviation 0 10 600 Compute

Other Signal Generator

DCFM Calibrated for £1V FM Deviation 0 10 Rin Compute

Other User VCO Source Estimated within a -10to 1TE+6 Measure

factor of 2 +10

Selecting a reference source

1 Using Figure 37 as a guide, navigate to the Block Diagram tab.
2 From the Reference Source pull-down list, select Agilent-8663.

3 When you have completed these operations, click the Close button.

!:Ei Confidence Test using 8663A Int vs Ext 10 MHz - E5500 Phase Hoise Measureme... [H[=] E3
File Edit ‘“iew Meazure  Analyze System  Help

—l—l—ID = u é lertLlnes . —l—IX il gl i

Security Level...

EFT Segment Tahle E5500 HE

Swept Seament Takle .
—  TypeandRange| Souces| Cal  Block Diagiam | Test Set | Downconverter | Graph |

Abzalute Phaze Maise [using a phase locked loop)

— Carrier Source

[manual] i
~Down Converter—————————————— Phaze Detector
I[nnna] ’7 IAulUmalic Detector Selection j
& Mone
i System Contral
= Manual
= Esternal Test Set Tune Wolkage
— el S [0 AT I Frant Panel s l
clhf%k [manual) Destination IHeferance Source 'l

—imease I'VCD Tune Maods
checkl £ oo & DCFM
(Vi I[nnne] Reference Source—————————————

lrﬁhfﬁkl {FAgilent.6257 -]
Bzzet b anager | Preset

e5505a_user_select_ref_source Cloze: | Help
24 Jun 04 rev3

Figure 37 Selecting a reference source
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Selecting loop suppression verification

1 Using Figure 38 as a guide, navigate to the Cal tab.

2 Check Verify calculated phase locked loop suppression and Always Show
Suppression Graph. Select If limit is exceeded: Show Loop Suppression
Graph.

3 When you have completed these operations, click the Close button.

nfidence Test using 8663A Int vs Ext 10 MHz - E5500 Phase Hoise Measureme... !E[E
Sl Measure  Analyze  System  Help

Limit Em il gl i

Security Level

EFT Segment Takle E5500 (7]
Swept Segment Table
———————————————  Type and Range I Sources  Cal | Elock Diagram I Test Set I Downconverterl Graph I

Abzolute Phaze Moize [uzing a phaze locked loop)
Phaze Detector Constant

" Use cument phase detector constant
' Measure phase dstector constant

Current Phase Detector Constant Id?BEG Walts / Radian

WO Tune Congtant
© Use current YCO tune constant

' Measure YO tune constant

% Calculate from expected YO tune constant using tune port resistance
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Figure 38 Selecting loop suppression verification

Setting up for the 8663A 10 MHz measurement

The signal amplitude at the test set’s R input (Signal Input) port sets the
measurement noise floor level. Use Figure 39 on page 70 and Figure 40 on
page 70 to help determine the amplitude required to provide a noise floor level
that is below the expected noise floor of your DUT. For more information
about this graph, refer to “Reference Graphs and Tables" on page 361.
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Figure 39 Noise floor for the 8663 10 MHz measurement
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Figure 40 Noise floor example
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If the output amplitude of your DUT is not sufficient to provide an adequate
measurement noise floor, it is necessary to insert a low-noise amplifier
between the DUT and the test set. Refer to “Inserting a Device" on page 122 for
details on determining the effect the amplifiers noise will have on the
measured noise floor.

Beginning the measurement

1 From the Measurement menu, choose New Measurement. See Figure 41.

[.Ei Externally loaded file - Agilent E5500 Phase Noise Measurement Subsystem
e ment

File Edit Wiew Define | Measure fnalyze System  Help
D|=(E| S 2 o| @ &l ||
Repeat Measurement
Abort Measurement Phase Noise Measurement

e Esson | Real-Tme Monikor

-~ w Dont Adtomatically Clear Graph.
- w Pause at Connect Diagram

1K 10 100K 1T L0m
L) [dBcfHz] ws £ [ Hz]

Perform a new cal and measurement LOCAL IDLE A

10 100

Figure 41 Selecting new measurement

2 When the Do you want to perform a New Calibration and Measurement?
prompt appears, click Yes.

Agilent E5500

i’

__./' Do wou want ko perfarm a Mew Calibration and Measurement?

Figure 42 Confirm new measurement

3 When the Connect Diagram dialog box appears, click on the hardware
pull-down arrow and select your hardware configuration from the list. See
Figure 43 on page 72.
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Agilent E5500 Instrument Connections

‘erfy Connections
hdar 18, 2004 15:46:28

P
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Hardware:

Control Panels
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Test Set |

Tuning Yoltage |

heter
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Caontinug

Abort | Local ‘

Figure 43 Connection diagram

4 Connect your DUT and reference sources to the test set at this time and
confirm your connections as shown in the appropriate connect diagram.

The input attenuator (Option 001 only) is now correctly configured
based on your measurement definition.

The test set’s signal input is subject to the limits and characteristics contained in

Table 6 on page 73.

To prevent damage to the test set’s hardware components, do not apply the input
signal to the test set’s signal input connector until the input attenuator (Option
001) has been set by the phase noise software, which occurs at the connection

diagram.

5 Press Continue.

As the system performs the calibration routines, various status messages
appear on the display. When the last message—Measuring PLL
suppression—appears, you can choose to continue the routine or stop it.

6 Press Continue using Adjusted Loop Suppression to continue making the
noise measurement, or press Abort to stop the measurement. (For
descriptions of the messages, see “Status messages" on page 74. You have
time to read through the descriptions while the system completes the

routines.)
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Table 6 Test set signal input limits and characteristics

Limits

Frequency 50 kHz to 26.5 GHz
Maximum Signal Input Power +30 dBm (with Option 001)
At Attenuator Output, Operating Level Range:

* RF Phase Detectors 0 to +23 dBm

* Microwave Phase Detectors 0 to +5 dBm

* Internal AM Detector 0 to +20 dBm
Downconverters:

* N5502A/70422A +5to +15 dBm

* N5507A/70427A 0 to +30 dBm

Characteristics
Input Impedance 50 Q nominal

AM Noise DC coupled to 50 € load

Refer to the following system connect diagram examples in Chapter 18, “System
Interconnections” for more information about system interconnections.

* Figure 307, “Eb505A system connections with standard test set,” on page 403
 Figure 308, “E5505A system connections with test set option 001,” on page 404
* Figure 309, “E5505A system connections with test set option 201,” on page 405
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Status messages

This section describes the status messages that appear on the display as the
system performs its calibration 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 are 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. The computer
displays the PLL suppression curve and associated measurement values.
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Sweep segments

When the system begins measuring noise, it places the noise graph on its
display. As you watch the graph, you 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, refer to Chapter 14, “Evaluating Your
Measurement Results for help in evaluating your measurement results. (If the
test system has problems completing the measurement, it informs you by
placing a message on the computer display.

Checking the beatnote

While the Connect Diagram is still displayed, Agilent recommends that you use
an oscilloscope (connected to the Monitor port on the test set) or a counter to
check the beatnote being created between the reference source and your DUT.
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 to Chapter 14, “Evaluating Your Measurement Results” if you 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 is not 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 is very close to 0 Hz.

Searching for the beatnote requires 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. See Figure 44 on page 76.

If incrementing the frequency of one of the sources does not produce a
beatnote, you need to verify the presence of an output signal from each source
before proceeding.
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| | |
-1V/div

E5505a_oscillo_disp_beatnote
25 Feb 04 rev 1

Figure 44 Oscilloscope display of beatnote from test set monitor port

Making the measurement

1 Click the Continue button when you have completed the beatnote check
and are ready to make the measurement.

2 When the PLL Suppression Curve dialog box appears, check View Measured
Loop Suppression, View Smoothed Loop Suppression, and View Adjusted
Loop Suppression in the lower right of the dialog box.

See Figure 45 on page 77.
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Phase Locked Loop Suppression Calibration Factors EHE

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

Thearetical and Actual Loop Suppression Factars

100 1*®

10K

FLL Gain Change: 860E-3 dB

Closed PLL B 2.8823E+3 Hz
Peak Tune Fange: 100.5E+3Hz

Azsumed Pole: 89.48E+3Hz

I awirnum Error: 589.5E-3 dB
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CO Constant: 9. 231E+3Hz ol

W ‘Wiew Smoothed Loop Suppression
¥ Wiew &djusted Theoretical Loop Suppression
™ Wiew Theoretical Loop Suppression

Figure 45 Selecting suppression

1

There are four different curves for the this graph. (For more information about
loop suppression verification, refer to Chapter 15, “Advanced Software

Features”).

e “Measured” loop suppression curve—this is the result of the loop
suppression measurement performed by the E5505A system.

¢ “Smoothed” measured suppression curve—this is a curve-fit representation

of the measured results, it is used to compare with the “theoretical” loop

suppression.

¢ “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, and others).

e “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, refer to Chapter 14, “Evaluating Your

Measurement Results_for help in evaluating your measurement results.

Figure 46 on page 78 shows a typical phase noise curve for an RF Synthesizer.
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Figure 46 Typical phase noise curve for an 8663A 10 MHz measurement

Table 7 on page 79 contains the data stored in the parameter definitions file.
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Table 7 Parameter data for the 8663A 10 MHz measurement

Step Parameters

Data

1 Type and Range Tab
* Measurement Type
 Start Frequency
» Stop Frequency
* Minimum Number of Averages
* FFT Quality

2 Sources Tab
Carrier Source
* Frequency
* Power
* Carrier Source Output connected to
* Detector Input Frequency
* Reference Source Frequency
* Reference Source Power
* VCO Tuning Parameters:
* Nominal Tune Constant
* Tune Range +
* Center Voltage
* Input Resistance

3 Cal Tab
* Phase Detector Constant
* VCO Tune Constant
* Phase Lock Loop Suppression
* If Limit is exceeded

4 Block Diagram Tab
* Carrier Source
* Downconverter
* Reference Source
* Timebase
* Phase Detector
* Test Set Tune Voltage Destination
* VCO Tune Mode

b Test Set Tab
* Input Attenuation
* LNA Low Pass Filter
* LNA Gain
* DC Block
* PLL Integrator Attenuation

6 Dowconverter Tab

* Absolute Phase Noise (with phase locked
loop)

* 10Hz

© 2E+6HZ

. 4

* Fast

* 10E+6Hz

* 7dBm

* Test Set

* 10E+6Hz

* 10 E +6 Hz (same as Carrier Source Frequency)
* 16 dBm

* 1E+3Hz/V
* +10 Volts

* 0 Volts

* 600 ohms

* Measure Phase Detector Constant

* Calculate from expected VCO Tune Constant

* Verify calculated phase locked loop
suppression

* Show Suppression Graph

* Manual

* None

* Agilent 8663A

* None

* Automatic Detector Selection
* Reference Source

* DCFM

- 0dB

* 20 MHz (Auto checked)

* Auto Gain (Minimum Auto Gain —14 dB)
* Not checked

* 0dBm

The downconverter parameters do not apply to
this measurement example.
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Table 7 Parameter data for the 8663A 10 MHz measurement (continued)

Step Parameters

Data

7 Graph Tab

Title

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

Confidence Test using Agilent 8663A Int vs Ext
10 MHz

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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Testing the 8644B Internal/External 10 MHz

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

To prevent damage to the test set’s hardware components, do not apply the input signal to
the signal input connector until the input attenuator has been correctly set for the desired
configuration, as shown in Table 8 on page 83. Apply the input signal when the connection
diagram appears.

To ensure accurate measurements allow the DUT and measurement equipment to warm
up at least 30 minutes before making the noise measurement.

Required equipment

This measurement requires an Agilent 8644B in addition to the phase noise
test system and your DUT. You also need the coaxial cables and adapters
necessary to connect the DUT and reference source to the test set.

Defining the measurement

1 From the file menu of the E5505A User Interface, choose Open. If
necessary, choose the drive or directory where the file you want is stored.

2 In the File Name box, choose “Conf_8644B_10MHz.pnm.” See Figure 41.

open 2| x|

Loak i I {2 ER500 Phase Noise _vJ = =i Ef-
_1a.02.22 beta 2 @] BBnoise_without_testset_E1430,prm
;I Docs @ BBrinise_without_testset PCDig. prim
;I Wisa @ Zonf_SigGen_10MHz. prm
ﬁ AM_ninise_1ghz_g644b. prim Confidence. pnm
@ BEnoise_with_kestset, prim @ DemoMode. prim
@ BEnoise_without_testset 52410, pnm i@ FreeRF,pnm

| | I3

File name:  |Corfidence.prim Open I
Files of type: I.-i'-.gilent ES500 Measurement Files [ prim) _:l Cancel I
&

Figure 47 Select the parameters definition file

3 Click the Open button.
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The appropriate measurement definition parameters for this example
have been pre-stored in this file. Table 10 on page 94 lists the parameter

data that has been entered for the RF Synthesizer using a DCFM
measurement example.

The source parameters shown in Table 10 on page 94 may not be appropriate for the
reference source you are using. To change these values, refer toTable 8, “Tuning
characteristics for various sources,” on page 83, then continue with step 4 below.
Otherwise, go to “Beginning the measurement" on page 87.

4 Using Figure 48 on page 82 as a guide, navigate to the Sources tab

a Enter the carrier (center) frequency of your DUT (5 MHz to 1.6 GHz);
enter the same frequency for the detector input frequency.

b Enter the VCO (Nominal) Tuning Constant (see Table 8 on page 83).
¢ Enter the Tune Range of VCO (see Table 8 on page 83).
d Enter the Center Voltage of VCO (see Table 8 on page 83).

e Enter the Input Resistance of VCO (see Table 8 on page 83)

@ Confidence Test using  8663A Intvs Ext 10 MHz - E5500 Phase Hoise Measureme... B[] [E3

File Edit ‘“iew

Limit Lines...

Security Level..

EFT Segment Takle

Sweept Segment Table

e5505a_user_enter_source_info

=N Measure  Analyze System  Help

< Frequency

x| 51 0] 2|

%

E5500 K

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

Abzolute Phase Moize [using a phase locked loop]

Hz  Power I? dBm

Carrier Source Output is connected to: % Test Set " Downconverter

TEr SOurce

- Detectaor Input Frequency Fieference Source
|1 OE+E Hz ’7 Frequency |1 OE+E Hz Power |1 B dBm
Dretector Input Frequency = Reference Source Frequency multiplied by [ |1 ! |1 ]
o

L0 Tuning P
mﬁ'—une Constant |1 E+3 Hz #Walt Center Yoltage IU Wolts

Tune Range +/- |1 0 Wolts Input Resistance IBDD Ohmsz
I Bl Ewed esration from Eemten Y alage I‘I 5

The Tune Fange iz within the limits of
Preset |

from +/-0.20 to +/-10.00 Yalks,

az required by the current Center Voltage setting.

24 Jun 04 rev 3

oo | |

Figure 48 Sources tab in define measurement window
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Table 8 Tuning characteristics for various sources

VCO Source Carrier Tuning Constant Center Voltage Input Tuning
Freq. (Hz/V) Voltage  Tuning Range Resistance (2) Calibration
(V) (xV) Method

Agilent 8662/3A

EFC Vg 5E-9xv 0 10 1E+6 Measure

DCFM FM Deviation 0 10 1K (8662) Compute
600 (8663) Compute

Agilent 8642A/B FM Deviation 0 10 600 Compute

Agilent 8644B FM Deviation 0 10 600 Compute

Other Signal Generator

DCFM Calibrated for FM Deviation 0 10 Rin Compute

1V

Other User VCO Source Estimated withina  —10to 1TE+6 Measure

factor of 2 +10

Selecting a reference source

1 From the Define menu, choose Measurement; then choose the Block
Diagram tab from the Define Measurement window. See Figure 49.

2 From the Reference Source pull-down list, select 8644.
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Limit Lines... il QI i

Security Lewvel .

%

EFT Seament Takle E5500 B E

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

Abzolute Phaze Moize [using a phaze locked laop)

— Carrier Source
I[manual] j
—Down Corwerter—————————————— Phaze Detector
I[none] ’7 IAutomatic Detector Selection j
& Mone
" System Coritral
' Manual
" Estemal Test Set Tune Woltage
_ i Sau {4t I Front Panel o’ l
°|':§5k| I[manuan Destination IHeference Source 'l

—Timeb. YEO Tune Mode
checkl I & DL FM
i) I[none] Feference Souce

{ﬁ"jﬁkl [ Agilent.6644 |
stetManagerl Frezet |

e5505_user_select_ref_source8644 Cloze | Help |
24 Jun 04 rev3

Figure 49 Selecting a reference source

3 When you have completed these operations, click the Close button.

Selecting loop suppression verification
1 From the Define menu, choose Measurement; then choose the Cal tab from
the Define Measurement window.

2 In the Cal dialog box, check Verify calculated phase locked loop
suppression and Always Show Suppression Graph. Select If limit is
exceeded: Show Loop Suppression Graph. See Figure 50 on page 85.

3 When you have completed these operations, click the Close button.
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Limit Lines...
Security Level...

EFT Segmert Table

Sweept Segment Table

e5505a_user_select_loop
24 Jun 04 rev 3

Figure 50

Selecting loop suppression verification
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E5500 Phase Hoise Measureme... [I[=] B3

*|e] =1 o af B

L]

E5500
Type and Hangel Sources  Cal |Block Diagraml TestSetl Downconverterl Graphl

Abszolute Phase Moize [using a phase locked laop]

Fhase Detector Constant
€ ze curent phaze detector constant
& Measure phase detector constant

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

WEO Tune Constant
€ Use curent ¥CO tune constant
 Measure YCO tune constant

& Calculate from expected YCO bune constant using tune port resistance

Current ¥CO Tune Constant |923.1 Hz /Walt
Expected YCO Tune Constant |923.1 Hz / alt

Phase Locked Loop Suppression

v Wiy calculated phase locked loop suppression ¥ (Always Show Suppression Graph

b axirnurn Suppression Error Limit |1 dB

If Limit iz exceeded: ¢ Use theoretical valuss ¢ Use adjusted values<~ T Shaow Suppiession Grapl

Freset |

Cloze

Help |

Setting up the 8663A 10 MHz measurement

The signal amplitude at the R input (Signal Input) port on the test set sets the
measurement noise floor level. Use the graph in Figure 51 and the example in
Figure 52 on page 86 to determine the amplitude. For more information, refer
to Chapter 16, “Reference Graphs and Tables.”

L Port level = +15dBm

+15

R Port signal level (dBm)

-15

-140

-150

-160 -170 -180

Expected phase noise floor of system (dBc/Hz)

n5505a_exp_phase_noise
25Feb 04 rev 1

Figure 51
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27 Ral 1007 17:18:44 - 17:20:55

100E-3 1 1n 100 1K 10K
Lif) [dRcfHz] vs f [Hz]

'LOCAL
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Figure 52 Noise floor example

If the output amplitude of your DUT is not sufficient to provide an adequate
measurement noise floor, it is necessary to insert a low-noise amplifier
between the DUT and the test set. Refer to the section “Inserting a Device" on
page 122 for details on determining the effect the amplifier’s noise will have on

the

measured noise floor.
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Beginning the measurement

To prevent damage to the test set’s hardware components, do not apply the input
signal to the signal input connector until the input attenuator has been correctly
set for the desired configuration, as shown in Table 9 on page 89. Apply the input
signals when the connection diagram appears, as in step 3 below.

1 From the Measurement menu, choose New Measurement. See Figure 53.

1ol

(@ Externally loaded file - Agilent E5500 Phase Noise Measurement Subsystem
File Edit View Define | Measure Analyze System Help

nlzlgl & E‘I surement: ﬂ ol F| we |
Repeat Measurement "‘
Ahort Measuramant Phasze Moise Measurement
o Asize mssn | ReakTime Moritor . ‘ ‘
Aof----eee-e- v Don't Automatically Clear Graph,  |----------- Fomsneennes et —

v Pause at Connect Diagram

1 10 100 1K 10K
Lify [dBc/Hz] vs f [Hz]

Perform a new cal and measurement LOCAL IDLE &

100T

Figure 53 Selecting a new measurement

2 When the Do you want to perform a New Calibration and Measurement?
prompt appears, click Yes.

Agilent E5500

-...?/ Do o wank ko perform a Mew Calibration and Measurement?

Figure 54 Confirm measurement dialog box

3 When the Connect Diagram dialog box appears, click on the hardware
drop-down arrow and select your hardware configuration from the list. See
Figure 55 on page 88.
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Agilent E5500 Instrument Connections 2x
\erfy Connections
Jun 23, 2004 15:21:03
OUTPUT]| o
@
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Control Panels

FFTanabzer | Gweptanabest | TestSet | Downcanverst | |

\ ﬂeva.encesnume| \ | Fleguem:yEnumar‘

Turing Yoltage: ‘ |

Mel
Certer —] vots  Range+/- Yalts
Continue

Abart ‘ Local |

Figure 55 Connect diagram dialog box

4 Connect your DUT and reference sources to the test set at this time.
Confirm your connections as shown in the Connect Diagram (Figure 55).

The input attenuator (Option 001 only) has now been correctly
configured based on your measurement definition.

The test set’s signal input is subject to the limits and characteristics in Table 9 on
page 89.

To prevent damage to the test set’s hardware components, do not apply the input
signal to the test set’s signal input connector until the input attenuator (Option
001) has been set by the phase noise software, which occurs when the connection
diagram appears.

5 Press Continue.

As the system performs the calibration routines, various status messages
appear on the display. When the last message—Measuring PLL
suppression—appears, you can choose to continue the routine or stop it.

6 Press Continue using Adjusted Loop Suppression to continue making the
noise measurement, or press Abort to stop the measurement. (For
descriptions of the messages, see “Status messages" on page 74. You have
time to read through the descriptions while the system completes the
routines.)
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Table 9 Test set signal input limits and characteristics

Limits

Frequency 50 kHz to 26.5 GHz
Maximum Signal Input Power +30 dBm (with Option 001)
At Attenuator Output, Operating Level Range:

* RF Phase Detectors 0 to +23 dBm

* Microwave Phase Detectors 0 to +5 dBm

* Internal AM Detector 0 to +20 dBm
Downconverters:

* Agilent N5502A/70422A +5to +15 dBm

* Agilent N5507A/70427A 0 to +30 dBm
Characteristics

Input Impedance 50 Q nominal

AM Noise DC coupled to 50 Q load

Refer to the following system connect diagram examples in Chapter 18, “System
Interconnections,” for more information about system interconnections.

* Figure 307, “E5505A system connections with standard test set,” on page 403
* Figure 308, “E5505A system connections with test set option 001,” on page 404
* Figure 309, “E5505A system connections with test set option 201,” on page 405

Status messages

This section describes the status messages that appear on the display as the
system performs the calibration 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 see later in this
demonstration, you are required to estimate the tuning range of the VCO
source you are using when you set up your own Phase Lock Loop
measurements.
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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. The computer
displays the PLL suppression curve and associated measurement values.

Sweep segments

When the system begins measuring noise, it places the noise graph on its
display. As you watch the graph, you 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, refer to Chapter 14, “Evaluating Your
Measurement Results” for help in evaluating your measurement results. (If the
test system has problems completing the measurement, it informs you by a
message on the computer display.

Checking the beatnote

While the Connect Diagram is still displayed, Agilent recommends that you use
an oscilloscope (connected to the Monitor port on the test set) or a counter to
check the beatnote being created between the reference source and your DUT.
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.
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Refer to Chapter 14, “Evaluating Your Measurement Results” if you 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 is not 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 is very close to 0 Hz.

Searching for the beatnote requires 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. See Figure 56.

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

| | |
CEEnEn A dinn benntmnin -1V/div

Figure 56 Oscilloscope display of beatnote from test set monitor port
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Making the measurement

1 Click the Continue button when you have completed the beatnote check
and are ready to make the measurement.

2 When the PLL Suppression Curve dialog box appears, select View
Measured Loop Suppression, View Smoothed Loop Suppression, and
View Adjusted Loop Suppression. See Figure 57 on page 92.

Phasze Locked Loop Suppression Calibration Factors EHE
Mote: Any Calibration Factors displayed below with an
unknown value have not been measured et
Suppression traces will only be displayed after calibration.

Thearetical and Actual Loop Suppression Factors

10 100 1*® 10K 00K

FLL Gain Change: 860E-3 dB

Closed PLL B 2.8823E+3 Hz
Peak Tune Fange: 100.5E+3Hz W igw Smoothed Loop Supprezsion
Azsumed Pole: 89.48E+3Hz
I awirnum Error: 589.5E-3 dB ) ) :
Detector Constant: 599E-3  Volts/Radian I Wiew Theoretical Loop Suppression
CO Constant: 9. 231E+3Hz ol

¥ “iew Adiusted Theoretical Loop Suppression

Figure 57 Suppression selections

* There are four different curves for this graph. (For more information about
loop suppression verification, refer to Chapter 15, “Advanced Software
Features.”)

a “Measured” loop suppression curve—this is the result of the loop
suppression measurement performed by the E5505A 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.

¢ “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, and others).

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.
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When the measurement is complete, refer to Chapter 14, “Evaluating Your
Measurement Results” for help in evaluating your measurement results.

Expanding Your Measurement Experience

1

Figure 58 on page 93 shows a typical phase noise curve for an RF Synthesizer.

!;Ei Conf_8644B_10MHz. pnm - ES500 Phase Noise Measurement Subsystem
File Edit “iew Define Measure Analyze Swestem Help

D[R] s(r| ElSle| x|E| « o of @ |

Confidence Testusing  8644B Int vs Ext 10 MHz

-1
20
-3
-4
I || S
60
70
30
o

-100f

-110

120

130

-140

150

160

E5500  Camier: 1001+ Hz

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

-170
1

For Help, press F1

100 1K 10K
L(f) [dBe/Hz] vs £ [Hz]

[LOCAL

[IDLE

Figure 58 Typical phase noise curve for an 8644B 10 MHz measurement.

Table 10 on page 94 contains the data stored in the parameter definitions file.
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Table 10 Parameter data for the 8644B 10 MHz measurement

Step Parameters

Data

1 Type and Range Tab
* Measurement Type
 Start Frequency
 Stop Frequency
* Minimum Number of Averages
* FFT Quality

2 Sources Tab
Carrier Source
* Frequency
* Power

* Carrier Source Qutput is connected to:

Detector Input

* Frequency

Reference Source

* Frequency

* Reference Source Power
VCO Tuning Parameters

* Nominal Tune Constant
* Tune Range

* Center Voltage

* Input Resistance

3 Cal Tab
* Phase Detector Constant
* VCO Tune Constant
* Phase Lock Loop Suppression
* If Limit is exceeded

4 Block Diagram Tabh
 Carrier Source
* Downconverter
* Reference Source
* Timebase
* Phase Detector
* Test Set Tune Voltage Destination
* VCO Tune Mode

5 Test Set Tab
* Input Attenuation
* LNA Low Pass Filter
* LNA Gain
* DC Block
* PLL Integrator Attenuation

Absolute Phase Noise (using a phase locked loop)
10 Hz

2E+6HZ'

4

Fast

10 E + 6 Hz
7 dBm
Test Set

10 E +6 Hz

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

1E+3 Hz/V
+ 10 Volts

0 Volts

600 ohms

Measure Phase Detector Constant

Calculate from expected VCO Tune Constant
Verify calculated phase locked loop suppression
Show Suppression Graph

Manual

None

Agilent 8644B

None

Automatic Detector Selection
Reference Source

DCFM

0dB

20 MHz (Auto checked)

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

0 dBm

9
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Table 10 Parameter data for the 8644B 10 MHz measurement (continued)

1

Step Parameters

Data

6 Dowconverter Tab
7 Graph Tab
* Title

* 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

The downconverter parameters do not apply to this
measurement example.

* Confidence Test using Agilent 8644B Int vs Ext 10 MHz
* Single-sideband Noise (dBc/Hz)

* 10Hz

* 4E+6Hz

* 0dBc/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

96

The marker function allows you to
of any point on the results graph.

display the exact frequency and amplitude

e To access the marker function, on the View menu, click Markers. See
Figure 59. In the dialog box containing Marker buttons, up to nine markers
may be added. To remove a highlighted marker, click the Delete button. See

Figure 60

i Untitled - E5S500 Phaze Hoize Meazurement Subspstem

File Edit M Define Measure Analyze  Swsterm Help

| | D’hl | v Toolbar
v Status Bar

1| o] T ¥

LClear Graph
Fiefresh Graph

Parameter S ummary

M eazurement D efinition
Spur List

FLL Supprezsion Graph
Inztrument Connections
Meszage Log

Display Preferences...

e5505a_user_nav_markers

v |pdate Graph when Parameters are Changed

24 Jun 04 rev 3

Figure 59 Navigate to markers

3 Conf_8644B_10MHz.pnm - E5500 Phase Noise Measurement Subsystem

File Edt Yiew Define Measue Aralvzs System Help

D[R] &[] Olslo] x/@| = w o s |

ES500  Carder: 10.01E+§ Hz

Confidence Test using 8644B Int vs Ext 10 MHz
25 Ful 1997 15:18:53 - 15:21:04

T, I Marker Frsepusncy 3
i I 180664062 H E

= 2: 66040039 Hz —
Kl 3. J00E-E He ]
anf 3
sof 3
60 7
70k ]
T S 3
o0 =
L T R = -
B e | 13 et BT L B B =
-1200 -]
T R -
B T TP L. -
-150F =
B e s S J
-171 : -

100 1® 10K 100K 10
i L6 [dBc/Hz] vs £ [ Hz] R
Marker 4 Frequency [E00E+3 He Ampliude [£436  dBe AddMoarker | Delete Marker | Clear Markers |
For Help, press F1 oAl [IDLE 4

Figure 60 Adding and deleting markers
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Omitting Spurs

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

1 On the View menu, click Display Preferences. See Figure 61.

!;Ei FreeRF_pnm - E5500 Phaze Noize Meazurement Subspztem
File  Edit Cefine  Measure Analyze  Sestem Help
= v Toolbar K7
—|—|— w Statuz Bar H IF El —l
v Markers
Meter
Clear Graph
Refresh Graph

Barameter Summary
Meagzurement Definition
Spur Ligt

FLL Supprezsion Graph
Inztrument Connections
Mezzagqe Log

Dizplay Prefer

e5505a_user_nav_display_pref
v Update Graph when Parameters are Changed o e evcispiay.p

Figure 61 Navigate to display preferences

2 In the Display Preferences dialog box, uncheck Spurs and click OK. See
Figure 62.

The graph is displayed without spurs. See Figure 63 on page 98.

Dizplay Preferences EHE

¥ Nuoise Eolor...l ‘ ‘ 1) Eolor...l ‘

v Title Eolor...l ‘ V¥ Arnotation Color...l ‘ i Cittar |
Background Color |

V' Graticule Eolor...l
[refault Colors |

Figure 62 Uncheck spurs

3 To re-display the spurs, check Spurs in the Display Preferences dialog box.
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Conf_8644B_10MHz.pnm - E5500 Phase Noise Measurement Subsystem

EECERSC O

Figure 63 Graph displayed without spurs
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Displaying the Parameter Summary

Expanding Your Measurement Experience

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 On the View menu, click Parameter Summary. See Figure 64.

!}Ei FreeRF_pnm -

ES500 Phase Noise Measurement

Subsystem

File Edit

D|D”|I

Define  Measure  Analyze  System Help

v Toolbar
v Statuz Bar

| o| @ ¥

b arkers
b eber

Clear Graph
Refrezh Graph

Param:

M eazurement D efinition
Spur List

FLL Suppression Graph
Instrurnent Connections
Mezsage Log

Dizplay Preferences...

e5505a_user_nav_param_sum

v Update Graph when Parameters are Changed

24 Jun 04 rev3

Figure 64 Navigate to parameter summary

2 The Parameter Summary Notepad dialog box appears. The data can be
printed or changed using standard Notepad functionality. See Figure 65 on

page
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B 5500 #3 - Notepad H=]E3
File Edit Search Help
Confidence Test using Agilent 8644B 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 VCO tune constant: 1E+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: 732.331937E-3 VIRad
WCO tune constant cal method: Calculate the Tune Constant from neminal value.
Current VCO tune constant: 923.076923 HzMeolt
PLL Integrator attenuation: 0 dB
Phase Locked Loop suppression was verified.
Theoretical loop suppression values were used.
Clesed 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: Agilent 8644B; VCO tuned using DCFM.
Time Base name: {(nonhe)
Downcenverter name: Agilent N5502A b
LMA gain: 56 dB =l

| »

Figure 65 Parameter summary
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Exporting Measurement Results

Expanding Your Measurement Experience

The Export Measurement Results function exports data in one of three types:

* Exporting Trace Data
* Exporting Spur Data
* Exporting X-Y Data

1

1 To export measurement results, on the File menu, point to Export Results,

then click on either Trace Data, Spur Data, or X-Y Data. See Figure 66.

[ Ctrl+M
Cpen... Ctrl+O
Save Cirl+s
Sawve L=

v Uze Title a= Filename

Externally loaded file - E5500 Phase Hoise Measurement Subsystem
Edit “iew Define Messure Analyze System Help

| m[5 o 5] @)

Pririt... Cirl+P
Print Presiesn:
Prirt Setup...

Send...

1 conf_S644b_10mhz. prm

2 RFSynth_DCFR. prom

3 BBnoise_with_testset prim

4 BBnoise_without_testset 59410 pnm
S conf_B86635_10mhz prm

& Confidence.prim

T 70427 _MF@S BGHZ pnm
Gab_1.5G_10%_100k_h3 pnm

Ezit

Figure 66 Export results choices
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Exporting Trace Data

1 On the File menu, point to Export Results, then click on Trace Data. See

Figure 67 on page 102.

Externally loaded fil
Edit “iew Define Meazure Analyze

[l Crl+
Open... Ctrl+
Save Cirl+S
Save &S,

v Lze Title a= Filename

Trace Data...
Spur Data...
Prirt. .. Ctrl+P =
) ) AN Data...
Print Prewiew: 1
Print Setup...
Send...

1 conf_5E644b_10mhz pnm

2 RFSynth_DCFR pnim

2 BBnoise_with_testzet pnm

4 BBnoise_without_testzet_55410 pnm
5 conf_S8663a_1 0mhz pnm

E Confidence. prim

7 70427 _MNFE3.6GHZ pnm

8 ab_1.5G_10%_100k_h3 pnm

Exit

e5505a_user_trace_data_results
24 Jun 04 rev 3

Figure 67 Trace data results

102

D ata to export
€ Moige And Spurs @ Moise 7 Spurs ’7(:' Logarithmic € Linear

E5500 Export ASCIH Trace Data

Start Offzet |1D Hz  Stop Offset |1DE+3 Hz

Frequency Distribution

MNumber of paintz |1 ]

Data type IL[f] [Single-sideband noize)

Momnalize trace data to a |1 Hz bandwidth

Scale trace data to a new carrier frequency of |1 times the current carrer frequency.

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

Save in: Ianew_pmn_files j gl

=

Ahdnoize_001 _dbl.pnm @ FreeRF pnm
Ardnoize_001_int_cal pnm Ina_high_res bmg

Ahdnoize_ext_dbl.pnm Ina_loeey _res hmp

Basehand_hlah pnm @ Res_DC_pk.pnm

conf_E2_man pnm @ Res_Enter pnm
Free_run_RF bmp RF_syth_DCFMbmp
[« |

RF_syth_EFC bn
| RF Syrith_DCFM.
| RFsyrth_EFC pr
Stable_RF bmp
@ StableRF pnm
@ Sys_wer pnm

il

File name:

Save I

Save az lype: IaII files [.7]

j Cancel |
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Exporting spur data

1 On the File menu, point to Export Results, then click on Spur Data. See
Figure 68.

Edit “iew Define Measure Analyze System Help
W= Ctrl+h
Open... Crl+Cr
Save Ctri+S
Save Az
v |ze Title 55 Filename

Trace Data. .

Spur Data. ..
Brirt... Ctrl+P o

_ _ H-¥ Data...
Print Presiew: - E5500 Export ASCI Spur Data
Prirt Setup...
Lif] [Single-sideband noise =
Serd.. Datatype |LIf (Sing ] =
Shift trace data DOWHN by |D dB

1 conf_S644k_10mkz prm

2 RFSyrth_DCFM prim Savein: | il new_pmn_files =l _I gl
3 BBnoise_with_testzet pnm
4 BEnaiss_without_testset 89410 pnm Abincise_D01_dblprm |8 FreeRF prm RF_syih_EFC bn
5 conf @663 0mhz.pnm Ahnoize_001 _int_cal prm Ina_higk_res bmg 8] RFsyrth_DCFM.
R ——— AMnoise_ext_dblpnim Ina_lowe_res bimg @ RFSynth_EFC pr
7 70427 _NF@3 BGHz pnm Hasehand_blsh.onm ) Res_DC_pk pnm il
e - conf_B2_man prm @ Fes_Enter prm @ StahleRF pnm
Gl eie s B Free_tun_RF bmg RF _gyth_DCFM bimp @ ZyE_Wer onm
Exit

1« | i

File harne: Save I
e5505a_user_spur_data_results Save az type: IaII files [*.] j Cancel |

24 Jun 04 rev3

Figure 68 Spur data results
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Exporting X-Y data

1

sy Define

e

Open.
Save
Save As..

v Lze Title as Filename

Measure  Analyze

R
Chrl+O
Chri+S

On the File menu, point to Export Results, then click on X-Y Data. See
Figure 69.

Brint...
Print Prewiew
Print Setup...

Chrl+P

Send...

4 conf_8644h_10mhz prim

2 RFSynth_DCFM pnim

3 BBnoise_with_testzet pnm

4 BBnoise_without_testset 89410 pnm
5 conf_8EE3a_10mhz prim

& Confidence pnm

170427 _MF@9.6GH prim

@ ab_1 5G_10%_100k_h3 pnm

Exit

e5505a_user_xy_data_result
24 Jun 04 rev 3

Figure 69 X-Y data results
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Trace Data
Spur Dsta...
¥V Data

& Moisegnd Spurs ¢ Moiss € Spurs

" [rata to export

Datatyps  |Lif (Single-sideband noise] |

Mormalize trace datato a |1 Hz bandwidth
Scale race data to a new carrier frequency of |1 times the curent carisr fiequency.

Shift race data DOWN by |0 dB
Trace Smoothing Amount |0 3:
Power present at input of DUT |0 dBrm

Save in: I 3 new_pmn_files

RF_syth_EFC bn
|#| RFSyrith_DCFM
8| RFSyrith_EFC pr
Stable_RF bmp
@ StableRF.pnm
@ SyE_wer prm

AMnoize_001 _dbl prm @ FreeRF pom

@ AMnoise_001_int_cal prim Ina_high_res bmp
E Annoize_ext_dhl pnm Ima_lovwy_res.bimp
@ Baseband_blah pnm @ Res_DC_pk.pnm

@ cont_B2_man.pnm @ Res_Enter prm
Free_run_RF bmp RF_syth_DCFM bmp

4 | |

Save I
d Cancel |

File hame:

Save as bype: IAII Filess [77)
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b Absolute Measurement Fundamentals

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.

Understanding 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 DUT. The second
source serves as the reference against which the DUT is measured. (One of the
two sources must be a VCO source capable of being frequency tuned by the
System.) Figure 70 shows a simplified diagram of the PLL configuration used
for the measurement.

Untuned
source 5 o .-———————————————l
detector | Phase Low-pass Low-noise Phase
inputs | detector filter amplifier | detector
1 output
VCO 2 . P _Y_D >
source > g i
| | |
| Phase lock |
| | loop control |
A L_________\l/_____l
v
I I Tune V0|tage E5505a_phase_lock_loo
——————— 4————————— Output 25Feb072rev? -

Figure 70 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.
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The system’s peak tuning range is derived from the tuning characteristics of
the VCO source you are using for the measurement. Figure 71 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

Total peak-to-peak tuning range of VCO

System
peak tuning range

Drift
tracking range

I Capture |
| range |
| I |
I I |

24% 5% 5% 24%

VCO Source center frequency pen st vt

Figure 71 Capture and drift-tracking range with tuning range of VCO

As an Example:

A Peak Tuning Range of 1000 Hz provides the following ranges:
Capture Range = 0.05 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 depends 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
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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 72, the ranges calculated in the previous example are marked to show
their relationship to the beatnote frequency.

Drift tracking range

| Capture
| range
I \

5% of the PTR

N
: /| Beatnote
I I

|

|

|

[

|
: 24% of the PTR
|
|

I
OHz 50Hz 240 Hz 1000 Hz

Figure 72 Capture and drift-tracking ranges and beatnote frequency

If the beatnote does not remain within the drift tracking range during the
measurement, the out of lock detector is set and the System stops the
measurement. If this happens, you 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 provides 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 need to know four things about
the tuning characteristics of the VCO source you are using. The System
determines 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)
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e 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 provides 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 is 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 Floor
The noise floor of the system is directly related to the amplitude of the input

signal at the R input port of the system’s phase detector. Table 11 shows the
amplitude ranges for the L and R ports.

Table 11 Amplitude ranges for L and R ports

Phase Detector

50 kHz to 1.6 GHz 1.2 to 26.5 GHz' 50 kHz to 26.5 GHz?
Ref Input Signal Input Ref Input Signal Input AM Noise
(L Port) (R Port) (L Port) (R Port)
+ 15 dBm 0 dBm +7dBm 0 dBm 0 dBm
to to to to to
+ 23 dBM + 23 dBM + 10 dBM +5dBM 20 dBM

1 Phase noise test set Options 001 and 201 with no attenuation.

2 Phase noise test set Option 001 with no attenuation.

If the L port (Reference Input) signal is within the amplitude range shown in
Table 11, the signal level at the R (Signal Input) port sets the noise floor for the
system.

Figure 73 shows the relationship between the R (signal) input level and the
system noise floor.
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Figure 73 Relationship between the R input level and system noise floor

The Noise Level of the Reference Source

Unless it is below the system’s noise floor, the noise level of the source you are
using as the reference source sets the noise floor for the measurement. When
you set up your measurement, you 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.

Figure 74 demonstrates that as the noise level of the reference source
approaches the noise level of the DUT, 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 DUT.

3.0

25 —

1.5 =
1.0 =
0.5 —

I I I |
12 3 45 10 15
Amount expected DUT noise exceeds reference noise (dB)

Increase in measured noise due
to reference noise (dB)

Figure 74 Reference source noise approaches DUT noise
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Selecting a Reference

112

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 DUT. In general, the lower the reference
source’s noise level is below the expected noise level of the DUT 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 DUT.)

As shown by the graph in Figure 75, the further the reference source’s noise
level is below the noise level of the DUT, the less the reference source’s noise
contributes to the measurement results.

3.0
25 —
20
1.5 [~
1.0 [~
0.5 —

noise due
to reference noise (dB)

Increase in measured

12 3 45 6 7 8 9 1011121314 15
Difference between DUT and reference noise levels (dB)

Figure 75 DUT noise approaches reference noise

Using a Similar Device

The test system performs best when you are able to use a device similar to the
DUT 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
DUT. 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 DUT.

If only one device is available in addition to the DUT, 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 represent the sum of the noise of
both devices.)
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Using a Signal Generator

When using a signal generator as a reference source, it is important that the
generator’s noise characteristics are adequate for measuring your device.

Tuning Requirements

Often the reference source you select also serves as the VCO source for the PLL
measurement. (The VCO source can be either the DUT or the reference source.)
To configure a PLL measurement, you need to know the following tuning
information about the VCO source you are using.

e Tuning Constant (Hz/V) (within a factor of 2)
e Tuning Voltage Range (V)

e Center Voltage of Tuning Range (V)

e Input Resistance of Tuning Port (Q)

The primary consideration when evaluating a potential VCO source for your
measurement is whether it provides 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 in Table 12. This
information helps you evaluate your VCO source based on the estimated drift
of your sources.)

Table 12 lists the tuning parameters for several VCO options.

Table 12 Tuning Characteristics of Various VCO Source Options

VCO Source Carrier  Tuning Constant Center Voltage Tuning Input Tuning
Freq. (Hz/V) Voltage Range (V) Resistance  Calibration
(V) (Q) Method

Agilent 8662/3A

EFC Vg 5E-9xvy 0 10 TE+6 Measure

DCFM FM Deviation 0 10 1k (8662) Calculate
600 (8663) Calculate

Agilent 8642A/B FM Deviation 0 10 600 Calculate

Agilent 8644B FM Deviation 0 10 600 Calculate
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Table 12 Tuning Characteristics of Various VCO Source Options (continued)

VCO Source Carrier  Tuning Constant Center Voltage Tuning Input Tuning

Freq. (Hz/V) Voltage Range (V) Resistance  Calibration
(V) (Q) Method

Other Signal

Generator FM Deviation 0 10 Rin Calculate

DCFM Calibrated for

1V

Other User VCO Estimated withina  —10to See Figure 76 1TE+6 Measure

Source factor of 2 +10

10

_— MAX o~
5 / \
2
1
5

MIN
2
-10 -5 2 4 -5 0 5 1 2 5 10
_ Center Voltage of VCO Tuning Curve (Volts)

107808 O | Center Voltage| + |Voltage Tuning Range| < 12'

Figure 76 Voltage tuning range limits relative to center voltage of the VCO tuning curve
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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 Calibration Process menu. Table 13 lists
the calibration method choices and the tuning constant accuracy required for
each.

Table 13 VCO tuning constant calibration method

VCO Tuning Constant Calibration Method (selected in Required Tuning Constant Accuracy
calibration screen) (entered in parameter screen)

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

Measure the VCO tuning constant Within a factor of 2 of actual value.
(Enter 1 E + 6 for Input Resistance.)
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Tracking Frequency Drift
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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
test set’s phase detector must remain throughout the measurement period. In
addition, the beatnote signal must remain within the system’s Capture Range
(6% 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 informs you by displaying a message. If the
beatnote drifts beyond the drift tracking range during the measurement, the
computer stops the measurement and inform you that the system has lost lock.

Evaluating beatnote drift

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).
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Action

If beatnote drift exceeds the limits of the Capture or drift tracking ranges set
for your measurement, the system is not 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.

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
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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 is 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

System
peak tuning range

Drift
tracking range

I Capture |
| range |
| [ |
| [

24%  5%5% 24%

VCO Source center frequency woren s et

Figure 77 Peak tuning range

The Tuning Qualifications

Changing the PTR is accomplished by changing the tune range of VCO 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 a different 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 8640B, 8642A/B, 8656B, or 8662/3), the Voltage 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 10 V 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 If you are using a synthesizer with Electronic-Frequency-Control (EFC)
capability such as the Agilent 8662A or Agilent 86634, 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
8662/3, the tuning capability of the VCO source is transferred to the
synthesizer.
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Minimizing Injection Locking
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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.

Adding Isolation

The best way to prevent injection locking is to isolate the output of the source
being injection locked (typically the DUT) 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 test
set. (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.)

Increasing the PLL Bandwidth

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. Figure 78 on page 121 shows that 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 0 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 disappears. 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.

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
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computer informs you during the measurement if the possibility of

accuracy degradation exists.)

3 Locate the required PLL bandwidth in Figure 78 to determine the PTR

Absolute Measurement Fundamentals

5

required for the measurement. (For details on increasing the PTR, refer to
Changing the PTR in this section.
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Figure 78 Peak tuning range (PTR) Required by injection locking.
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Inserting a Device
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An attenuator

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 DUT 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 test
set’s phase detector input port. The signal level required for the measurement
depends on the noise floor level needed to measure the DUT.

Figure 79 shows the relationship between the signal level at the R port and the
measurement noise floor.

1™

100k = //’
10k — ////

‘Ik_ '/

100 |- /

Required PPL bandwidth (Hz)
[
N\

I v B B B
A 1 10 100 1k 10k 100k 1M 10M 100M 1G

E5505a_PTR_reqd_inj_lock

25 Mar 04 rev 1 Peak tuning range (Hz)

Figure 79 Measurement noise floor relative to R-Port signal level
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An amplifier

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 is also summed into the
measured noise level along with the noise of the source.

The Agilent N5507A Option K22 dual RF amplifier was designed specifically
for this purpose. This instrument is the preferred solution for tests requiring
an external amplifier.

Use the following equation to estimate what the measurement noise floor is as
a result of the added noise of an inserted amplifier: Figure 80 shows an
example.

L(f) out = -174 dB + Amplifier Noise Figure — Power into Amplifier - 3dB
Amplifier

PIN = +7 dBm

Noise figure = 7.5 dB

L(f)=-174 dBm + 7.5dB - (+7 dBm) - 3 dB
L(f)=-176.5 dBc/Hz

Figure 80 Measurement noise floor as a result of an added attenuator
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Evaluating Noise Above the Small Angle Line
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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.)

Determining the Phase-Lock-Loop bandwidth

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 graph in Figure 81.

Observing the beatnote

If the beatnote frequency is below 100 kHz it appears on the Agilent 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 100 kHz or it does not exist.

If incrementing the frequency of one of the sources does not produce a
beatnote within 100 kHz, you need to verify the presence of an output signal
from each source before proceeding.
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Phase lock loop bandwidth provided by the peak tuning range
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1 Once the beatnote is displayed;

a press the press [[RANGE]]

b press [[AUTO RANGE OFF]]

¢ and press [[SINGLE AUTO RANGE]] on the RF analyzer

10M 100M

1G

2 Set the span width on the RF analyzer to approximately 4 x PLL bandwidth.

Adjust the BITNET to position it near the center of the display.

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" on page 120 for recommended actions.

a Press the [[AVG]] key, and then the RMS key.

Wait for the trace to return and then press;

b [[MKR]] and MKR to Peak.

3 Press [[REL MKR]], and MKR REF.
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4 Press the [[DEFINE TRACE]]
a press the [[and the MATH FUNCTION keys.

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 is still correct.)

5 To increase the vertical scale
a press [[VERT SCALE]]
b press [[, DEFINE DB/DIV]], and enter 20 dB.

6 Compare the average noise level at the PLL bandwidth offset to the small
angle criterion level shown on the graph in Figure 82. The 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
do not degrade measurement accuracy provided they do not exceed
—40 dBc.)

0
10
20
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70
-0
0
100
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-140f
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-160
100E-3 1 10 100 1E 10K 100K 1M 108
10E-3 L(f) [dBc/Hz] vs £ [Hz] 1008

ES500  Cuarrier: 100E+5 Hz 10 Dec 1307 104506 - 10:45:54

Figure 82 Graph of small angle line and spur limit

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

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

9 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 graph in Figure 83 on page 127 to determine the Peak
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Tuning Range (PTR) necessary to provide a sufficient PLL bandwidth to
make the measurement.
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Figure 83 Requirements for noise exceeding 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 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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Stable RF Oscillator

130

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.

To prevent damage to the test set’s components, do not apply the input signal to
the signal input connector until the input attenuator has been correctly set for the
desired configuration, as shown in Table 15 on page 138. Apply the input signal
when the connection diagram appears.

Required equipment

This measurement requires a VCO reference source, in addition to the phase
noise test system and your DUT. (For more information, see “Selecting a
reference source" on page 132.) You also need the coaxial cables and adapters
necessary to connect the DUT and reference source to the test set.

To ensure accurate measurements allow the DUT and measurement equipment to warm
up at least 30 minutes before making the noise measurement.

Defining the measurement

1 From the File menu of the E5500 User Interface, choose Open.
2 If necessary, choose the drive or directory where the file you want is stored.

3 In the file name box, choose “StableRF.pnm”. See Figure 84.

Open HE
Logkjm | CH Test Files ~] =N

Confidence. pnm F:} Ctab FF.prm
@ FreeRF.prim
@ MicraSRC. prm
E Residual prm
|9 RFSynth_DCFM.prm

9] RFSynth_EFC.prm

File: narme: |StabIeF| F.prm Open I
Filez af hpe: I ERB00 Meazurement Filez [*.prim] j Cancel |

Figure 84 Select the parameters definition file
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4 Click the Open button.

6

The appropriate measurement definition parameters for this example have
been pre-stored in this file. Table 16 on page 143 lists the parameter data
that has been entered for the Stable RF Source measurement example.

Note that the source parameters entered for step 2 in Table 16 on page 143 may not be

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

Table 14, “Tuning characteristics for various sources,” on page 132, then continue with

step 5 below. Otherwise, go to “Beginning the measurement" on page 136:

b Using Figure 85 on page 131 as a guide, navigate to the Sources tab.

a Enter the carrier (center) frequency of your DUT (5 MHz to 1.6 GHz).

Enter the same frequency for the detector input frequency.

b Enter the VCO (nominal) Tuning Constant. (For values, see Table 14 on

page 132).

¢ Enter the Tune Range of VCO (see Table 14).
d Enter the Center Voltage of VCO (see Table 14).
e Enter the Input Resistance of VCO (see Table 14).

dence Test using HP 8663A Int vs Ext 10 MHz - HP E5500 Phase Hoise Measureme... !E m

Eile  Edit “iew NUEGEM Meazure Anakvze System Help

D[S[=| &

Limit Lines...
Security Level...

EFT Segmert Takls

Swept Segment Takle

|| & 9] @ B

L]

HP E5500

Type and Range  Sources | Cal | Black. Diagram' Test Sell Downconverterl Graph |

e

Abszolute Phaze Maise [using a phase locked loop)

8T SOUCE

Frequency I Hz Power |7 dEm

Carrier Source Output is connected to: (8 Test Set " Downcarwerter

— Detectar Input Frequency Feference Source
|1 [E+E Hz ’7 Frequency |1 [E+E Hz Power |1 B dBm

Detector Input Frequency = Reference Source Frequency multiplied by [ |1 ! I‘I ]

—VCO Tuning B
mﬁ'—une Constant |1E+3 Hz /Walt Center Yoltage IEI olks

Tune Range +/- |1U Volts Input Resistance IEUU Db
el it Al v ed (esratian fam Center YiElage: I1 s

The Tune Range iz within the limits of
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Figure 85 Enter source information
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Table 14 Tuning characteristics for various sources

VCO Source Carrier  Tuning Constant Center Voltage Tuning Input Tuning
Freq. (Hz/V) Voltage Range (V) Resistance  Calibration
(V) (Q) Method

Agilent 8662/3A

EFC Vg 5E-9xv 0 10 1E+6 Measure

DCFM FM Deviation 0 10 1K (8662) Compute
600 (8663) Compute

Agilent 8642A/B FM Deviation 0 10 600 Compute

Agilent 8644B FM Deviation 0 10 600 Compute

Other Signal

Generator FM Deviation 0 10 Rin Compute

DCFM Calibrated for

1V

Other User VCO Estimated withina  —-10to 1TE+6 Measure

Source factor of 2 +10

Selecting a reference source

1 Using Figure 86 on page 133 as a guide, navigate to the Block Diagram tab.

2 From the Reference Source pull-down list, select your source.
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Figure 86 Selecting a reference source

3 When you have completed these operations, click the Close button.

Selecting Loop Suppression Verification

1 Using Figure 87 on page 134 as a guide, navigate to the Cal tab.

2 In the Cal dialog box, check Verify calculated phase locked loop
suppression and Always Show Suppression Graph. Select If limit is
exceeded: Show Loop Suppression Graph.
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Figure 87 Selecting loop suppression verification

3 When you have completed these operations, click the Close button.

Setup considerations for stable RF oscillator measurement

Measurement noise floor

The signal amplitude at the test set’s R input (Signal Input) port sets the
measurement noise floor level. Use Figure 88 on page 135 and Figure 89 on
page 135 to determine the amplitude required to provide a noise floor level
that is below the expected noise floor of your DUT. (The Checking the Beatnote
procedure in this section will provide you with an opportunity to estimate the
measurement noise floor that your DUT will provide.)
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Figure 88 Noise floor for the stable RF oscillator measurement
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Figure 89 Noise floor calculation example

If the output amplitude of your DUT is not sufficient to provide an adequate
measurement noise floor, it is necessary to insert a low-noise amplifier
between the DUT and the test set. Refer to “Inserting a Device" on page 122 for
details on determining the amplifier noise effect on the measured noise floor.
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VCO reference source

This setup calls for a second signal source that is similar in type to the DUT.
The second source is used as the reference source. In order for the noise
measurement results to accurately represent the noise of the DUT, the noise
level of the reference source should be below the expected noise level of the
DUT. (For additional help in selecting an appropriate reference source, refer to
Chapter 6, “Absolute Measurement Examples.)

Beginning the measurement

1 From the Measurement menu, choose New Measurement. See Figure 90.

@ Externally loaded file - Agilent E5500 Phase Noise Measurement Subsystem i [=] 3]
File Edit View Define | Measure Analyze System Help
NEENEE o| @ E| ||
Repeat Measurement -
Abart Measurement Phase Moise Measurement
o Alee B0 Real-Time Monitor

L v Don't Autamatically Clear Graph.
0 v Pause st Connsct Diagram

)
=1
TTTTTTTTITTT

10 100 1K 10K 100K 1M
! L(D [ dBefHz] vs [ [Hz) 10

Perform a new cal and measurement LOCAL IDLE A

Figure 90 Selecting a new measurement

2 When the Do you want to Perform a New Calibration and Measurement?
dialog box appears, click Yes. See Figure 91.

Agilent E5500

_‘?/ Do wou want bo perform a Mew Calibration and Measurement?

Figure 91 Confirm new measurement

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

136 Agilent E5505A User's Guide



Absolute Measurement Examples 6

Agilent E5500 Instrument Connections

‘erfy Connections
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Figure 92 Connect diagram for the stable RF oscillator measurement

4 Connect your DUT and reference sources to the test set at this time.
Confirm your connections as shown in the connect diagram.

The input attenuator (Option 001 only) is now correctly configured
based on your measurement definition.

The test set’s signal input is subject to the limits and characteristics in Table 15 on
page 138.
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Table 15 Test set signal input limits and characteristics

Limits

Frequency

Maximum Signal Input Power

At Attenuator Output, Operating Level Range:

* RF Phase Detectors

* Microwave Phase Detectors

* Internal AM Detector

Downconverters:

* Agilent Nb502A/70422A

» 50 kHz to 1.6 GHz (Std)
+ 50 kHz to 26.5 GHz (Option 001)
« 50 kHz to 26.5 GHz (Option 201)

Sum of the reference and signal input power
shall not exceed +23 dBm (+30 dBm with
Option 001)

0 to +23 dBm (Signal Input)
+15 to +23 dBm (Reference Input)

0 to +5 dBm (Signal Input)
+7 to +10 dBm (Reference Input)

0 to +20 dBm

+5to +15dBm

* Agilent N5507A/70427A 0 to +30 dBm
Characteristics
Input Impedance 50 Q nominal

AM Noise

DC coupled to 50 € load

To prevent damage to the test set’s hardware components, do not apply the input
signal to the test set’s signal input connector until the input attenuator (Option
001) has been set by the phase noise software, which occurs at the connection

diagram.

Refer to the following system connect diagram examples in Chapter 18, “System
Interconnections” for more information about system interconnections.

* Figure 307, “E5505A system connections with standard test set,” on page 403
* Figure 308, “E5505A system connections with test set option 001,” on page 404
* Figure 309, “E5505A system connections with test set option 201,” on page 405
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Checking the beatnote

While the connect diagram is still displayed, use an oscilloscope (connected to
the Monitor port on the test set) or a counter to check the beatnote being
created between the reference source and your DUT. 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 to Chapter 14, “Evaluating Your Measurement Results” if you 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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| | | | |
-1V/div

E5505a_oscillo_disp_beatnote
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Figure 93 Oscilloscope display of beatnote from test set Monitor port

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

2 When the PLL Suppression Curve dialog box appears, select View Measured
Loop Suppression, View Smoothed Loop Suppression, and View Adjusted
Loop Suppression See Figure 94 on page 141.
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Thearetical and Actual Loop Suppression Factars
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Figure 94 Selecting suppressions

6

Four different curves are available for this graph. (For more information about
loop suppression verification, refer to Chapter 15, “Advanced Software

Features.)

a “Measured” loop suppression curve—this is the result of the loop
suppression measurement performed by the E5505A 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.

¢ “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, refer to Chapter 14, “Evaluating Your
Measurement Results for help in evaluating your measurement results.

Figure 95 on page 142 shows a typical phase noise curve for a stable RF

Oscillator.
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Figure 95 Typical phase noise curve for a stable RF oscillator
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Table 16 Parameter data for the stable RF oscillator measurement

Step Parameters

Data

1 Type and Range Tab
* Measurement Type
 Start Frequency
» Stop Frequency
* Averages
* Quality
* FFT Analyzer Measurement
Mode

2 Sources Tab
 Carrier Source Frequency
* Carrier Source Power
Carrier Source Output connected to:
* Detector Input Frequency
* Reference Source Frequency
* Reference Source Power
* Nominal Tune Constant
* Tune Range £
* Center Voltage
* Input Resistance

3 Cal Tab
* Phase Detector Constant
* VCO Tune Constant
* Phase Lock 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

Absolute Phase Noise (using a phase locked
loop)

1 Hz

100 E + 6 Hz

4

Normal

Use Multiple Time Segments

100 E + 6 Hz

8 dBm

Test Set

100 E +6 Hz

100 E +6 Hz (same as Carrier Source Frequency)
16 dBm

40 E +3 Hz/V

* 10 Volts

0 Volts

TE+6Q1 Volts

Measure Phase Detector Constant
Calculate VCO Tune Constant
Verify calculated phase locked loop suppression

None

None

Agilent 8662A

None

Automatic Detector Selection
Front Panel

Reference Source

DCFM
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Table 16 Parameter data for the stable RF oscillator measurement (continued)

Step Parameters Data
b Test Set Tab
* Input Attenuation * Auto checked
* LNA Low Pass Filter * Auto checked
* LNA Gain * Auto Gain
Detector Maximum Input Levels
* Microwave Phase Detector * 0dBm
* RF Phase Detector * 0dBm
* AM Detector * 0dBm
* Ignore out-of-lock conditions * Not checked
* Pulsed Carrier * Not checked
* DC Block * Not checked
* Analyzer View * Baseband
* PLL Integrator Attenuation * 0dBm
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
1 Hz

10 E+6Hz

0 dBc/Hz

—170 dBc/Hz

1 Hz bandwidth

1 times the current carrier frequency
0dB

0

0dB

Agilent E5505A User’s Guide



Absolute Measurement Examples 6

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 test set’s components, do not apply the input signal to
the signal input connector until the input attenuator has been correctly set for the
desired configuration, as shown in Table 18 on page 152. Apply the input signal
when the connection diagram appears.

Required equipment

This measurement requires an 8644B reference source in addition to the
E5505A system and your DUT. (For more information, see the section
“Selecting a reference source" on page 132.) You also need the coaxial cables
and adapters necessary to connect the DUT and reference source to the test
set.

To ensure accurate measurements allow the DUT and measurement equipment to warm
up at least 30 minutes before making the noise measurement

Defining the measurement

1 From the File menu of the E5500 User Interface, choose Open.
2 If necessary, choose the drive or directory where the file you want is stored.

3 In the File Name box, choose “FreeRF.pnm”. See Figure 96.
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Open
Look, in: I a Test Files

Confidence. pnm @ StableRF.prim
FreeRF.prim
MicioSRC. pim
Fezidual pnm
iFSynth DCFR. prim
RFSynth_ EFC.prim

File narme: |HFSynth_D CFM.prim Open I
Files of twpe: I EBB00 Measurement Files [(*.pnm) j Cancel |

Figure 96 Select the parameters definition file

4 Click the Open button.

The appropriate measurement definition parameters for this example have
been pre-stored in this file. Table 16 on page 143 lists the parameter data
that has been entered for the Free-Running RF Source measurement
example.)

Note that the source parameters entered for step 2 in Table 16 on page 143 may not be
appropriate for the reference source you are using. To change these values, refer to
Table 17 on page 147, then continue with step 5 below. Otherwise, go to “Beginning the
measurement” on page 151.

b Using Figure 84 as a guide, navigate to the Sources tab.

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

f Enter the VCO (Nominal) Tuning Constant (see Table 17 on page 147).
Enter the Tune Range of VCO (see Table 17).

Enter the Center Voltage of VCO (see Table 17).

i Enter the Input Resistance of VCO (see Table 17).

o -]
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Figure 97 Enter source information

Absolute Measurement Examples

E5500 Phase Hoise Measureme... !E[ E

x| 1 0] 2|

%

E5500 (7] ]
Type and Range  Sources | Cal I Block. Diagraml Test Setl Downconverterl Graph I
Abzolute Phaze Moize [using a phase locked loop)
—Eamier Source ———
< Frequency I Hz Power I? dBm
Carrier Source Output is connected to: % Test Set " Downconverter
— Detector [nput Frequency Feference Source
|1UE+5 Hz ’7 Frequency |1UE+B Hz Power |15 dBm
Dretectar Input Frequency = Reference Source Frequency multiplied by [ |1 ! |1 ]
o

L0 Tuning P
mﬁfune Constant |1 E+3 Hz #%alt Center Yoltage IU Wolts

Tune Range +/- |1 ] Waltz Input Rezistance IBDD Ohrnz
I B el aved [ esratonm from Eemter Yaliaas I‘I 5

The Tune Range iz within the limits of
Preset |

from +4- 0.20 to +/- 10,00 Valts,

az required by the current Center Yoltage setting,

Cloge

Help |

6

Table 17 Tuning characteristics for various sources

VCO Source Carrier  Tuning Constant Center Voltage Tuning  Input Tuning
Freq. (Hz/V) Voltage Range (V) Resistance  Calibration
(V) (Q) Method

Agilent 8662/3A

EFC Vg 5E-9xvy 0 10 1E+6 Measure

DCFM FM Deviation 0 10 1K (8662) Compute
600 (8663) Compute

Agilent 8642A/B FM Deviation 0 10 600 Compute

Agilent 8644B FM Deviation 0 10 600 Compute

Other Signal Generator

DCFM Calibrated for FM Deviation 0 10 Rin Compute

1V

Other User VCO Source Estimated withina 10 to 1TE+6 Measure

factor of 2 +10
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Selecting a reference source

1 Using Figure 98 as a guide, navigate to the Block Diagram tab.
2 From the Reference Source pull-down list, select your source.

3 When you have completed these operations, click the Close button.

@ Confidence Test usi 8663A Int vs Ext 10 MHz - E5500 Phase Hoise Measureme... =] B3
File Edit “iews Messure  Analyze System Help

im'rt Lis. J—lx @ ﬂ J i

Security Lewvel...

EFT Seament Table ES500 H

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

Absolute Phaze Moise [uzing a phaze locked loop]

- Carrier Source

P I[manual] j
— Down Cotwetter————————————————— Phase Detectar
I[none] ’7 I.&utomatic Detector Selection j
& Mone
" Syetern Contral
© Manual
" Enternal Test Set Tune Valtage
— Frelfrrss S (et I Fraont Panel Ny l
“Ihfakl I[manua” Destination IHeference Source 'l

—imease WCO Tune Mode
checkl (e = DCFM
0] I [none] Reference Source———————————————

(ﬁ“ﬁ&"l A = |
Asset Manager | Preset |

e5505a_user_select_ref_source Cloze | Help |
24 Jun 04 rev3

Figure 98 Selecting a reference source

Selecting Loop Suppression Verification

1 Using Figure 99 on page 149 as a guide, navigate to the Cal tab.

2 In the Cal dialog box, check Verify calculated phase locked loop
suppression and Always Show Suppression Graph. Select If limit is
exceeded: Show Loop Suppression Graph.
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Figure 99 Selecting loop suppression verification

3 When you have completed these operations, click the Close button.

Setup considerations for the free-running RF oscillator measurement

Measurement noise floor

The signal amplitude at the test set’s R input (Signal Input) port sets the
measurement noise floor level. Use Figure 100 on page 150 and Figure 101 on
page 150 to determine the amplitude required to provide a noise floor level
that is below the expected noise floor of your DUT. (The Checking the Beatnote
procedure in this section will provide you with an opportunity to estimate the
measurement noise floor that your DUT will provide.)
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Figure 100 Noise floor for the free-running RF oscillator measurement
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Figure 101 Noise floor calculation example
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If the output amplitude of your DUT is not sufficient to provide an adequate
measurement noise floor, it will be necessary to insert a low-noise amplifier
between the DUT and the test set. Refer to “Inserting an Device” in Chapter 5,
“Absolute Measurement Fundamentals for details 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 DUT, the noise level of the reference source should be below the expected
noise level of the DUT.

Beginning the measurement

1 From the Measurement menu, choose New Measurement. See Figure 102.

Zialx

[.Ei Externally loaded file - Agilent E5500 Phase Noise Measurement Subsystem
File Edit Wiew Define | Messure Analyze System  Help
B il =ment
Dlza| o|| MEETEER 0| = El |
Repeat Measurement :
Abart Measurement Phaze MNoise Measurement

e Esson | Real-Tme Honikor

v Don't Adtomatically Clear Graph.
- w Pause at Connect Diagram

1K 10K 100K 1M
LD [dBc/Hz] ws £ [ Hz] 1o

Perform a new cal and measurement: LOCAL IDLE A

10 100

Figure 102 Selecting a new measurement

2 When the Do you want to perform a New Calibration and Measurement?
prompt appears, click Yes.

Agilent E5500

t’

_‘_./ Do o want ko perform a Mew Calibration and Measurement?

Figure 103 Confirm measurement dialog box
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3 When the Connect Diagram dialog box appears, click on the hardware
drop-down arrow and select your hardware configuration from the list. See
Figure 104.

E5500 Instrument Connections

Werify Connections
Jul 26, 1937 16:50:36

DUT TEST SET OPT 001 DOWNCONVERTER

TUNE

IN OUTPUT]
o ofle @ 0 |9 O
D >y

REFERENCE

TUNE J

IN OUTPUT]

o \ _J

ErE -l N5500A option 001 test se

~ Contral Pane

EFT Analyzer SERtAnaliEer | TestSet | Downcorverter | BliaseEhiter |

Larrier Source | EeferenceSourcel Eresidua| Saumee | [o&lratian Sourcel Erequency Eounterl

~ Tuning Yoltage

Center IU 3. Wolts  Range +/- I‘ID Walts ’WI bt | Lacal

Figure 104 Connect diagram for the free-running RF oscillator measurement

4 Connect your DUT and reference sources to the test set at this time.
Confirm your connections as shown in the connect diagram.

The input attenuator (Option 001 only) is now correctly configured
based on your measurement definition.

The test set’s signal input is subject to the limits and characteristics in Table 18 on
page 152.

To prevent damage to the test set’s components, do not apply the input signal 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 when the connection
diagram appears.

Table 18 Test set signal input limits and characteristics

Limits
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Table 18 Test set signal input limits and characteristics

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 with Option 001)

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 0 to +20 dBm
Downconverters:
* Agilent N5502A/70422A +5 to +15 dBm
* Agilent N5507A/70427A 0 to +30 dBm
Characteristics
Input Impedance 50 Q nominal
AM Noise DC coupled to 50 © load

Refer to the following system connect diagram examples in Chapter 18, “System
Interconnections,” for more information about system interconnections.

* Figure 307, “E5505A system connections with standard test set,” on page 403
* Figure 308, “E5505A system connections with test set option 001,” on page 404
* Figure 309, “E5505A system connections with test set option 201,” on page 405

Checking the beatnote

While the connect diagram is still displayed, Agilent recommends that you use
an oscilloscope (connected to the Monitor port on the test set) 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 to Chapter 14, “Evaluating Your Measurement Results if you are not
familiar with the relationship between the PLL capture range and the peak
tuning range of the VCO.)
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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 is very close to 0 Hz.

Searching for the beatnote requires you to 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 need to verify the presence of an output signal from each source
before proceeding.

| | |
-1V/div

E5505a_oscillo_disp_beatnote
25 Feb 04 rev 1

Figure 105 Oscilloscope display of beatnote from test set Monitor port
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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.

VOO Tuning Constant (Fz 7/ Vi X Tuning Range (V)

Capfure fange (Hz} = ”

(Hz SV X v _ (H)

Capture Range (Hzl = T —————-

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.

If you are not able to tune the beatnote to within the capture range due to frequency drift,
refer to Tracking Frequency Drift in the Problem Solving section of this chapter for
information about measuring drifting signals.

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

2 When the PLL Suppression Curve dialog box appears, select View
Measured Loop Suppression, View Smoothed Loop Suppression, and
View Adjusted Loop Suppression. See Figure 106 on page 156.
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Phase Locked Loop Suppression Calibration Factors EHE

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

Thearetical and Actual Loop Suppression Factars

100 1*® 10K

FLL Gain Change: 860E-3 dB by
Closed PLL B! 2.8823E+3 Hz 7o M
Peak Tune Rangs: 100.5E+3Hz ¥ “iew Smonthed Loop Suppression
Azsumed Pole: 89.48E+3Hz
I awirnum Error: 589.5E-3 dB ) ) :
Detector Constant: 599E-3  Volts/Radian I™ iew Theoretical Loop Suppression
CO Constant: 9. 231E+3Hz ol

¥ Wiew &djusted Theoretical Loop Suppression

Figure 106 Selecting suppressions

¢ There are four different curves for this graph. (For more information about
loop suppression verification, refer to Chapter 15, “Advanced Software
Features.)

a “Measured” loop suppression curve—this is the result of the loop
suppression measurement performed by the E5505A 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.

¢ “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, refer to Chapter 14, “Evaluating Your
Measurement Results for help with using the results.

Figure 107 on page 157 shows a typical phase noise curve for a free-running
RF Oscillator.
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!;Ei FreeRF.pnm - E5500 Phase Moise Meazurement Subsystem
File Edit “iew Define Measure Analyze Swstem  Help

D|=(E| 2o Cl®|o| x|E| < @ of @ ¥
Free Running RF Oscillator vs 8644B DCEFM
ESS00_Camer 10 044F+5 Ha 24711997 155251 - 155503
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For Help. press F1 |LOCAL [IDLE o

Figure 107 Typical phase noise curve for a free-running RF oscillator
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Table 19 Parameter data for the free-running RF oscillator measurement

Step Parameters

Data

1

Type and Range Tab
Measurement Type

 Start Frequency

» Stop Frequency

* Minimum Number of Averages
FFT Quality

Sources Tab
Carrier Source
* Frequency
* Power

* Carrier Source Qutput is
connected to:

Detector Input

* Frequency

Reference Source

* Frequency

* Reference Source Power

VCO Tuning Parameters

* Nominal Tune Constant

* Tune Range +

* Center Voltage

* Input Resistance

Cal Tab

* Phase Detector Constant

* VCO Tune Constant

* Phase Lock Loop Suppression
* If Limit is exceeded

Block Diagram Tab
* Carrier Source

* Downconverter

* Reference Source
* Timebase

* Phase Detector

* Test Set Tune Voltage
Destination:

* VCO Tune Mode

* Absolute Phase Noise (using a phase locked
loop)

* 10Hz

* 4E+6Hz

c 4

* Fast

* 10.044E+9Hz
* —4dBm

* Test Set
* 444 E +6 Hz

* 444 E +6 Hz (same as Carrier Source Frequency)
* 16 dBm

* 40 E +3 Hz/V
* +£10 Volts

* 0 Volts

* 600 ohms

* Measure Phase Detector Constant

 Calculate from expected VCO Tune Constant

* Verify calculated phase locked loop suppression
* Show Suppression Graph

* Manual

* Agilent N5502A/70422A

* Agilent 8644B (System Control)
* None

* Automatic Detector Selection

* Reference Source
* DCFM
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Table 19 Parameter data for the free-running RF oscillator measurement (continued)

6

5

Test Set Tab

Input Attenuation

LNA Low Pass Filter

* LNA Gain

* DC Block

e PLL Integrator Attenuation

Downconverter Tab

Input Frequency

L.0. Frequency

L.F. Frequency

Millimeter Frequency

L.0. Power

Maximum AM Detector Level
Input Attenuation

I.F. Gain

* Auto
Microwave/Millimeter Band
Millimeter Band Mixer Bias
* Enable

* Current

Reference Chain

* Reference

* External Tune Enable
Tuning Sensitivity

* Nominal

* 100 MHz PLL Bandwidth
* 600 MHz PLL Bandwidth

0dB

20 MHz (Auto checked)

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

0 dBm

10.044E+9

Auto

444 E +6

0

20 dBM

0 dBm

0dB

0dB

Checked

Microwave (0 to 26.5 GHz)

Unchecked
0 mA

10 MHz
Unchecked
0 ppm/v

0 ppm/V
126 Hz
10000 Hz
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RF Synthesizer Using DCFM

160

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

To prevent damage to the test set’s components, do not apply the input signal to
the signal input connector until the input attenuator has been correctly set for the
desired configuration, as shown in Table 21 on page 167. Apply the input signal
when the connection diagram appears.

Required equipment

This measurement requires an Agilent 8257x with a DCFM Input port, in
addition to the phase noise test system and your DUT. (For more information,
see “Selecting a reference source" on page 132.) You also need the coaxial
cables and adapters necessary to connect the DUT and reference source to the
test set.

To ensure accurate measurements allow the DUT and measurement equipment to warm
up at least 30 minutes before making the noise measurement.

Defining the measurement

1 From the File menu, choose Open.
2 If necessary, choose the drive or directory where the file you want is stored.

3 In the File Name box, choose “RFSynth_DCFM.pnm”. See Figure 108.

Lookin: |2 Test Files

Confidence. prnm @ StableRF.prm
FreeRF.prim
MicroSRC prm
Rezidual prim
FFSynth_DCFM. prim
FiFSynth_EFC.prim

File name:  [RFSynth_DCFM.prim Open |
Filez of bype: I ES500 Meazurement Files [*.prim) j Cancel |

Figure 108 Select the parameters definition file
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4 Click the Open button.

6

The appropriate measurement definition parameters for this example have
been pre-stored in this file. Table 25 on page 186 lists the parameter data
that has been entered for the RF Synthesizer using DCFM measurement

example.

Note that the source parameters entered for step 2 in Table 22 on page 172 may not be
appropriate for the reference source you are using. To change these values, refer to
Table 20 on page 162, then continue with step 5 below. Otherwise, go to “Beginning the
measurement” on page 166

5 Using Figure 92 as a guide, navigate to the Sources tab.

a Enter the carrier (center) frequency of your DUT (56 MHz to 1.6 GHz).
Enter the same frequency for the detector input frequency.

b Enter the VCO (Nominal) Tuning Constant (see Table 20 on page 162).
¢ Enter the Tune Range of VCO (see Table 20).

d Enter the Center Voltage of VCO (see Table 20).

e Enter the Input Resistance of VCO (see Table 20).

onfidence Test using

8663A Int vs Ext 10 MHz -

E5500 Phase Hoise Measureme... !E[ E

File Edit ‘iew

Limit Lines...

Security Lewvel...

EFT Seament Takle

Sweept Segment Takle

e5505a_user_enter_source_info
24 Jun 04 rev 3

Figure 109 Enter source information
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Messure  Analyze System  Help

Q

x| 1 0] 2|

%

E5500 (7] ]
Type and Range  Sources | Cal I Block. Diagraml Test Setl Downconverterl Graph I
Abzolute Phaze Moize [using a phase locked loop)
—Eamier Source ———
Frequency I Hz Power I? dBm
Carrier Source Output is connected to: % Test Set " Downconverter
— Detector [nput Frequency Feference Source
|1UE+5 Hz ’7 Frequency |1UE+B Hz Power |15 dBm

Dretectar Input Frequency = Reference Source Frequency multiplied by [ |1 ! |1 ]

o

L0 Tuning P
mﬁfune Constant |1 E+3 Hz #%alt Center Yoltage IU Wolts

Tune Range +/- |1 ] Waltz Input Rezistance IBDD Ohrnz
I B el aved [ esratonm from Eemter Yaliaas I‘I 5

The Tune Range iz within the limits of
Preset |

from +4- 0.20 to +/- 10,00 Valts,

az required by the current Center Yoltage setting,

Cloge

Help |
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Table 20 Tuning characteristics for various sources

VCO Source Carrier Tuning Constant Center Voltage Input Calibration
Freq. (Hz/V) Voltage (V) Tuning Resistance (2) Method
Range (V)

Agilent 8662/3A

EFC Vg 5E-9xv 0 10 1E+6 Measure

DCFM FM Deviation 0 10 1K (8662) Compute
600 (8663) Compute

Agilent 8642A/B FM Deviation 0 10 600 Compute

Agilent 8644B FM Deviation 0 10 600 Compute

Other Signal Generator

DCFM Calibrated for £1V FM Deviation 0 10 Rin Compute

Other User VCO Source Estimated withina —10to +10 1TE+6 Measure

factor of 2

Selecting a reference source

1 Using Figure 110 as a guide, navigate to the Block Diagram tab.

2 From the Reference Source pull-down list, select your source.

!:.Ei onfidence Test using 8663A Int vs Ext 10 MHz - E5500 Phase Hoise Measureme... !EE
File Edit ‘iew GCN Measure  Analyze  System  Help

Dj=|E] £ | =1| w2 |
& Limit Lines.. il EI EI
Security Level..
FFT Segment Table E5500 ﬂ E

Swept Segment Takle =
- Typeand Hangel Sourcesl Cal Elock Diagram | Test Setl Downconverlerl Graph I

Abzolute Phase Moize [using a phaze lacked laop)

~Camier Source—————————————————
I[manual] 'l

-~ Down Corwerter——————————————— " Fhaze Detector

[hane]

& None

" System Control
' Manual

~ Estemnal Test Set Tune Vaoltage

Dutput. | Frant Panel e

- Reference Source
tlh.v‘eﬁk [manual) Diestination IHeference Souce T
L= rzries WO Tune Mode
FSCCE ol DCFM

cIh,a%k I[none] Reference Source——————————————
{ﬁ“ﬁé*l TCa—

Azzet Manager Prezet |
e5505a_user_select_ref_source Cloze Help |
24 Jun 04 rev3

Figure 110 Selecting a reference source

IAutomatic Detector Selection j
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3 When you have completed these operations, click the Close button.
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Selecting Loop Suppression Verification

1 Using Figure 111 as a guide, navigate to the Cal tab.

2 In the Cal dialog box, check Verify calculated phase locked loop
suppression and Always Show Suppression Graph. Select If limit is
exceeded: Show Loop Suppression Graph.

onfidence Test using 8663A Int vs Ext 10 MHz - E5500 Phase Hoise Measureme... [H[=] [E3
File Edit ‘iew N Meazure  Analyze System  Help

. x|E] & o] o]

Security Level...

FFT Segment Tahle E5500 HE
Swept Segment Table :
_ Tupeard Hangel Sources  Cal | Block Dlagraml Test Setl Downconverterl Graph I

Abzolute Phaze Moise [uzing a phase locked loop)
Phase Detector Constant

" Ise curent phase detector constant
' Measuie phase detector constant

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

W0 Tune Constant
" se curent WCO une constant
' Measue YO tune constant

& Calculate from expected YCO tune constant using tune port resistance

Current YCO Tune Constant |923.1 Hz /3ol
Expected YCO Tune Constant ISZE).‘I Hz /%alt

Phase Locked Loop Suppression

Vv Werify calculated phase locked loop suppression W lways Show Suppression Graph

I aximum Suppression Emor Linit |1 dB

If Limit iz exceeded: ¢ Use theoretical valuss Use adjusted values < 1% Show Suppression Grapl
Freset

e5505a_user_select_loop

24Jun 04 rev 3 o —IHe":'

Figure 111 Selecting loop suppression verification

3 When you have completed these operations, click the Close button.

Setup considerations for the RF synthesizer using DCFM measurement

Measurement noise floor

The signal amplitude at the test set’s R input (Signal Input) port sets the
measurement noise floor level. Use Figure 112 and Figure 113 on page 165 to

determine the amplitude required to provide a noise floor level that is below
the expected noise floor of your DUT.
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Figure 112 Noise floor for the RF synthesizer (DCFM) measurement
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Figure 113 Noise floor calculation example
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If the output amplitude of your DUT is not sufficient to provide an adequate
measurement noise floor, it will be necessary to insert a low noise amplifier
between the DUT and the test set input. (Refer to the section “Inserting a
Device" on page 122 for details on determining the effect that the amplifier’s
noise will have on the measured noise floor.)

Agilent 8663A VCO reference

This setup uses the 8663A as the VCO reference source. In order for the noise
measurement results to accurately represent the noise of the DUT, the noise
level of the reference source should be below the expected noise level of the
DUT.

Beginning the measurement

1 From the Measurement menu, choose New Measurement. See Figure 102.

ialx]

(@ Externally loaded file - Agilent E5S500 Phase Noise Measurement Subsystem

Ele Edt View Define | e

lyze  System Help

WEEEE o] o & »||
éburt IMeasurement Phase MNoize Measurement
o sl 5500 Real-Time Monitor

BB L1 v Don't Automatically Clear Graph,  f----------- P S OGGEEETTEL EEER TP LR
- Pause at Connect Diagrarn -

=

=1
T
|

= [
=
S [
=
=

1 100 1K 10K
Lif) [dBc/Hz] vs [ [Hz]

Perform a new cal and measurement: LOCAL IDLE 3

100T

Figure 114 Selecting a new measurement

2 When the Do you want to perform a New Calibration and Measurement?
prompt appears, click Yes.

Agilent E5500 %

-...?/ Cia wau want ko perfarm a Mew Calibration and Measurement?

Figure 115 Confirm measurement dialog box
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3 When the Connect Diagram dialog box appears, click on the hardware
drop-down arrow and select your hardware configuration from the list. See
Figure 116.

E5500 Instrument Connections

‘Werify Connections
Jul 26, 1997 16:57:47

DUT

TUNE

N OUTPUT] @E\

o O

REFERENCE ©°
TUNE

% ouTPuT y

W y

hardware

-

— Contral Panel

EFT Analyzer Siwept i raEliEe] | TestSet | Downconerter | Ehase Shiften |

Lariier Source | Eeference Saurce | Fesdus Source | [Ealbratiom Sourze | Freguency Counterl

— Tuning Waltage

ID 3: - |1D
Center Walts Range +/ Yolts ,WI Abart | e |

Figure 116 Connect diagram for the RF synthesizer (DCFM) measurement

4 Connect your DUT and reference sources to the test set at this time.
Confirm your connections as shown in the connect diagram.

The input attenuator (Option 001 only) is now correctly configured
based on your measurement definition.

The test set’s signal input is subject to the limits and characteristics in Table 21 on
page 167.

To prevent damage to the test set’s hardware components, do not apply the input
signal 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 when the
connection diagram appears.

Table 21 Test set signal input limits and characteristics

Limits
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Table 21 Test set signal input limits and characteristics (continued)

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 with Option 001)

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 0 to +20 dBm
Downconverters:

* Agilent N5502A/70422A +5 to +15 dBm

* Agilent N5507A/70427A 0 to +30 dBm
Characteristics

Input Impedance 50 Q nominal

AM Noise DC coupled to 50 Q load

Refer to the following system connect diagram examples in Chapter 18, “System
Interconnections,” for more information about system interconnections.

* Figure 307, “E5505A system connections with standard test set,” on page 403
* Figure 308, “E5505A system connections with test set option 001,” on page 404
* Figure 309, “E5505A system connections with test set option 201,” on page 405

Checking the beatnote

While the connect diagram is still displayed, use an oscilloscope (connected to
the Monitor port on the test set) 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 to Chapter 14, “Evaluating Your Measurement Results” if you are not
familiar with the relationship between the PLL capture range and the peak
tuning range of the VCO.)
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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.

| | |
-1V/div

E5505a_oscillo_disp_beatnote
25 Feb 04 rev 1

Figure 117 Oscilloscope display of beatnote from the test set Monitor port
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Making the measurement

Click the Continue button when you have completed the beatnote check
and are ready to make the measurement.

2 When the PLL Suppression Curve dialog box appears, select View

Measured Loop Suppression, View Smoothed Loop Suppression, and
View Adjusted Loop Suppression. See Figure 118.

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

Thearetical and Actual Loop Suppression Factors

100 1*® 10K

FLL Gain Change: 8E0E-3 dE Y sy
Closed PLL BW:  2.8323E+3 Hz IV #iew Measured Loop Supressiar

Peak Tune Range: 100.5E+3Hz W “iew Smoothed Laop Suppression

Azsumed Pole: 89.48E+3Hz 3 5 . .

W s Errr EGHEE-3 df [v \u"few Ag|ustet?l Theoretical Loop .Suppressmn
Detector Constant. 539E-3  Vaolts/Radian I™ Wiew Theoretical Loop Suppression

CO Constant: 9.23E+3Hzalt

Figure 118 Selecting suppressions

There are four different curves for this graph. (For more information about
loop suppression verification, refer to Chapter 15, “Advanced Software
Features.”)

a “Measured” loop suppression curve—this is the result of the loop
suppression measurement performed by the E5505A 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.

¢ “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.
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When the measurement is complete, refer to Chapter 14, “Evaluating Your
Measurement Results” for help with using the results.

Figure 119 shows a typical phase noise curve for an RF synthesizer using
DCFM.

!;Ei Conf_8663A_10MHz pnm - ES500 Phase Noise Measurement Subsystem

File Edit “iew Define Measwe Analyze System  Help

Dl=(a| sln| Cislel x| « =@ of & el
Confidence Testusing  8§663A Int vs Ext 10 MHz

q E5500 Carvier: 10E+H Hz 27Tl 1997 17:15:44 - 1720:55

o0 1K 10K 100K 1M

L) [dBe/Hz] vs f [Hz]

For Help, press F1 |LOCAL [IDLE 4

Figure 119 Typical phase noise curve for an RF synthesizer using DCFM
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Table 22 Parameter Data for the RF Synthesizer (DCFM) Measurement

Step

Parameters

Data

1

Type and Range Tab
Measurement Type
 Start Frequency
 Stop Frequency

* Minimum Number of Averages

FFT Quality

Sources Tab
Carrier Source
* Frequency
* Power

* Carrier Source Output is
connected to:

Detector Input

* Frequency

Reference Source

* Frequency

* Reference Source Power

VCO Tuning Parameters

* Nominal Tune Constant

* Tune Range

* Center Voltage

* Input Resistance

Cal Tab

Phase Detector Constant
VCO Tune Constant

Phase Lock Loop Suppression
If Limit is exceeded

Block Diagram Tab
* Carrier Source

* Downconverter

* Reference Source
* Timebase

* Phase Detector

* Test Set Tune Voltage
Destination:

* VCO Tune Mode

* Absolute Phase Noise (using a phase locked loop)
* 10Hz

* 4E+6Hz

c 4

* Fast

* B00E+6Hz
* 20dBm

* Test Set

* 600 E +6 Hz

* 600 E +6 Hz (same as Carrier Source Frequency)
* 16 dBm

* 40 E +3 Hz/V
* +£10 Volts

* 0 Volts

* 600 Q

Measure Phase Detector Constant

Calculate from expected VCO Tune Constant
Verify calculated phase locked loop suppression
Show Suppression Graph

* Manual

* None

* Agilent 8663A

* None

* Automatic Detector Selection

* Reference Source
* DCFM
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Table 22 Parameter Data for the RF Synthesizer (DCFM) Measurement (continued)

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 8663A using DCFM

* 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 (dBc/Hz)
* 10Hz

* 4E+6Hz

* 0dBc/Hz

* —170 dBc/Hz

* 1 Hz bandwidth

* 1 times the current carrier frequency
* 0dB

0

* 0dB

Agilent E5505A User’s Guide
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RF Synthesizer Using EFC

174

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

To prevent damage to the test set’s components, the input signal do not apply the
signal input connector until the input attenuator has been correctly set for the
desired configuration, as shown in Table 31. Apply the input signal when the
connection diagram appears

Required equipment

This measurement requires an Agilent 8257x with an EFC Input port, in
addition to the phase noise test system and your DUT. (For more information,
refer to the section “Selecting a reference source" on page 132.) You also need
the coaxial cables and adapters necessary to connect the DUT and reference
source to the test set.

To ensure accurate measurements allow the DUT and measurement equipment to warm
up at least 30 minutes before making the noise measurement

Defining the measurement

1 From the File menu, choose Open.
2 If necessary, choose the drive or directory where the file you want is stored.

3 In the File Name box, choose “RFSynth_EFC.pnm”. See Figure 120.

Open i E3
Lookire | ' Test Fiees =] i e =

Confidence. phm @ StableRF.prim
FreeRF.pnm

MicraSRC. prim

Fesidual pnm

RFSynth_DCFM. prim

RFSynth_ EFC.prm

File name: IFHFS_I,Inth_EFE.pnm Open I
Fileg of type: I EBB00 Measurement Files [ prim) j Cancel |

Figure 120 Select the parameters definition file

4 Click the Open button.
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The appropriate measurement definition parameters for this example
have been pre-stored in this file. Table 28 on page 200 lists the
parameter data that has been entered for the RF Synthesizer using EFC
measurement example.)

Note that the source parameters in Table 28 may not be appropriate for the reference
source you are using. To change these values, refer to Table 26 on page 190, then continue
with step step 5. Otherwise, go to “Beginning the measurement” on page 180.

b Using Figure 121 on page 176 as a guide, navigate to the Sources tab.

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

Enter the VCO Tuning Constant (see Table 26 on page 190).

If you are going to use EFC tuning to tune the 8663A, use the following
equation to calculate the appropriate VCO Tuning Constant to enter for
the measurement.

VCO Tuning Constant = T x Carrier Frequency
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:

Agilent E5505A User’s Guide

GE-9XBOE+6)=(100E-3)=1.5
Enter the Tune Range of VCO (Table 26).
Enter the Center Voltage of VCO (Table 26).
Enter the Input Resistance of VCO (Table 26)
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l;Ei onfidence Testusing  8663A Intvs Ext 10 MHz - E5500 Phase Hoise Measureme... [I[=] E3

File Edt Wiew [

Messure  Analyze System  Help

Litmit Lines... 2' QI B

Security Level..

EFT Segment Takle E5500 ﬂ E

Swvept Segmernt Takle
—  TypeandRange Sources | Cal I Block. Diagraml TestSetI Downconverterl Graphl

Abzolute Phase Moize [using a phase locked loop]

TEr SOurce

< Frequency I Hz Power I? dBm

Carrier Source Output is connected to: % Test Set ' Downconverter

|1UE+5 Hz Frequency |1DE+B Hz Power |15 dBm

— Detector Input Frequency " Feference Source

Dretector Input Frequency = Reference Source Frequency multiplied by [ |1 ! |1 ]

o

L0 Tuning P
mﬁfune Constant |1 E+3 Hz #Walt Center Yoltage IU Wolts

Tune Range +/- |1 ] Waltz Input Resistance IBDD Ohrnz
I Bl Ewed esration from Eemten Y alage I‘I 5

The Tune Fange iz within the limits of

from +/-0.20 to +/-10.00 Yalks, Freset |

az required by the current Center Voltage setting.

e5505a_user_enter_source_info
24Jun 04 rev3 Help |

Figure 121 Enter Source Information

Table 23 Tuning Characteristics for Various Sources

VCO Source Carrier  Tuning Constant Center Voltage Tuning Input Tuning
Freq. (Hz/V) Voltage Range (£V) Resistance  Calibration
(V) (Q) Method

Agilent 8662/3A

EFC Vg 5E-9xvy FM 0 10 1E+6 Measure

DCFM Deviation 0 10 1K (8662) Compute
600 (8663) Compute

Agilent 8642A/B FM Deviation 0 10 600 Compute

Agilent 8644B FM Deviation 0 10 600 Compute

Other Signal

Generator FM Deviation 0 10 Rin Compute

DCFM Calibrated for

1V

Other User VCO Estimated withina  -10to TE+6 Measure

Source factor of 2 +10
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Selecting a reference source

1 Using Figure 122 as a guide, navigate to the Block Diagram tab.

2 From the Reference Source pull-down list, select your source.

Absolute Measurement Examples 6

3 When you have completed these operations, click the Close button.

(4 Confidence Test using
File Edit iew

— Limit Lines...
Security Lewvel...

B663A Int vs Ext 10 MHz -
M feazure  Analyze System  Help

E5500 Phase Hoise Measureme... [H[=] B3

EFT Segment Tahle

Sweept Segment Table

e5505a_user_select_ref_source
24 Jun 04 rev3

E5500

Type and Fange I Sources I Cal

Block Diagrann | Test Setl Downconverterl Graph I

Absgolute Phaze Moise [uzing a phaze locked loop]

— Carrier Source

I[manual] ﬂ

- Dawn Corverter

ang

« N
= System Contral
1 Marwal

-

Extermal

I[none]

- Reference Source

t|h|,.'136k| I [manual)

= DimEkEss

]

HE

Phaze Detectar

I.&utomatic Detectar Selection

Test Set Tune Yoltage

(e Front Panel i
Destination IHeference Source 'l

El I [nane] "

| [T A— ]

WCO Tune Mode
il = DCFM

Reference Source———————————————

Aszset Manager |

Freset |

Cloze |

Help |

Figure 122 Selecting a reference source

Selecting Loop Suppression Verification

1 Using Figure 123 on page 178 as a guide, navigate to the Cal tab.
2 In the Cal dialog box, check Verify calculated phase locked loop

suppression and Always Show Suppression Graph. Select If limit is

exceeded: Show Loop Suppression Graph.

Agilent E5505A User’s Guide
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“onfidence Te: ing  8663A Intvs Ext10 MHz -  E5500 Phase Hoise Measureme... [Hi[=] E3
File Edit iew Meazure  Analyze System  Help

Dlste| M B

Security Level...

FFT Seument Tahle E5500 HE
Sweept Seament Takbls :
_ Tupeand Hangel Sources  Cal | Black. Dlagraml Test Setl Downconverterl Graph I

Absolute Phase Moise [using a phase locked loop)
Phaze Detector Constant

' Uze current phase detector constant
' Measure phase detector constant

Current Phase Detector Constant |4TBE-3 Wolts / Radian

WEO Tune Conztant

© ze current VOO tune constant

" Measure WCO tune constant

& Calculate from expected YO tune constant using tune port resistance

Current ¥CO Tune Constant |923.1 Hz # Walt
Expected WCO Tune Cangtant |923.1 Hz /%alt

Phase Locked Loop Suppression

v Werify calculated phase locked loop suppression WV Blways Show Suppression Graph

b aximurn Suppression Ermor Limit |1 dB

If Limit iz exceeded: ' Use theoretical values ¢ Use adjusted values <1 Shaw Suppression Grap)
Freset |

e5505a_user_select_loop

24 Jun 04 rev 3 Cloze Help |

Figure 123 Selecting Loop suppression verification

Setup considerations for the RF synthesizer using EFC measurement

Measurement noise floor

The signal amplitude at the test set’s R input (Signal Input) port sets the
measurement noise floor level. Use Figure 124 and Figure 125 on page 179 to
determine the amplitude required to provide a noise floor level that is below
the expected noise floor of your DUT.
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L Port level =+15dBm

+15
€
s}
RS
T O
>
o
©
)
<7’ _5 | —
t
o
o
© | |
-15
-140 -150 -160 -170 -180
Expected phase noise floor of system (dBc/Hz)
n5505a_exp_phase_noise f Z 1 OkHZ

25Feb 04 rev 1

Figure 124 Noise floor for the RF synthesizer (EFC) measurement

L Port Lewvel = +1GdBm

bt
@

+10 dBm

&

- 175 dBec/Hz

o

R Part Signal Level {[dBm)

-1 ‘
-140 -180 160 170 ~1e0
Expantad Phaze Moka Floor of Phase Detector and LR (dBe/Hz)

Fzi0kHz

(3 Externally loaded file - E5500 Phase Hoise Measurement Subsystem
File Edit “iew Define Measure Snalyze System Help

D[=(E| 8|r| 4 Clele| x|=] =@ o] o = ¥
Confidence Test using 86634 Int ws Ext 10 MHz
o NG 106 e Mo S : 27711007 171644 - 17:30:55

100E3 1 1 100 1K 10K 100K 1M 10n

Lify [dBc/Hz] ws £ [Hz]

[LOCAL [IDLE 7

Figure 125 Noise floor calculation example
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If the output amplitude of your DUT is not sufficient to provide an adequate
measurement noise floor, it will be necessary to insert a low noise amplifier
between the DUT and the test set input. (Refer to the section “Inserting a
Device" on page 122 for details on determining the effect that the amplifier’s
noise will have on the measured noise floor.)

Agilent 8663A VCO reference

This setup uses the 8663A as the VCO reference source. In order for the noise
measurement results to accurately represent the noise of the DUT, the noise
level of the reference source should be below the expected noise level of the
DUT.

Beginning the measurement

1 From the Measurement menu, choose New Measurement. See Figure 126.

(3 Externally loaded file - Agilent ES500 Phase Noise Measurement Subsystem
File Edit Wiew Define | Measure Analyze System  Help

EIEIEI %IEI Repeat easurement g gl E

Ahort Measurement Fhase Moise Measurement

o Ll ESS00 Real-Time [onitor

----------  Don't Aukomatically Clear Graph.
-- « Pause at Connect Diagram

10

Petfiarm a new cal and measurement LOCAL IDLE v

Figure 126 Selecting a new measurement

2 When the Do you want to perform a New Calibration and Measurement?
prompt appears, click Yes.

Agilent E5500

l"

..._"/’ Do wol wank ko perform a Mew Calibration and Measurement?

Figure 127 Confirm measurement dialog box
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3 When the Connect Diagram dialog box appears, click on the hardware
drop-down arrow and select your hardware configuration from the list. See
Figure 128.

E5500 Instrument Conneclions

Werify Connections
Jul 26, 1997 16:57:47

DUT
TUNE
IN OUTPUT]
C 2 O g
O O
O 0
REFERENCE
TUNE
IN OUTPUT] y
3 ®
W y
hardware ‘
-~ Control Panel

EFT Analyzer | Stvept A maliEey | TestSet | Daownconverter | Ehase Shiften |

LCarier Source Eeferenee Saurce | FesruE Sonmce | [Ealtration Sauce | Frequency Eounterl

~ Tuning Yoltage

Center IU 3. Wolts  Range +/- |1U Yalts il I Abort |

Local |

Figure 128 Connect diagram for the RF synthesizer (EFC) measurement

4 Connect your DUT and reference sources to the test set at this time.
Confirm your connections as shown in the connect diagram.

e The input attenuator (Option 001 only) is now correctly configured based
on your measurement definition.

The test set’s signal input is subject to the limits and characteristics in Table 24 on
page 182.

To prevent damage to the test set’s hardware components, do not apply the input
signal 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 when the
connection diagram appears.

Agilent E5505A User’s Guide 181



6

182

Absolute Measurement Examples

Table 24 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 with Option 001)
At Attenuator Qutput, 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 0 to +20 dBm
Downconverters:

* Agilent N5502A/70422A +5 to +15 dBm

= Agilent N5507A/70427A 0 to +30 dBm
Characteristics

Input Impedance 50 Q nominal

AM Noise DC coupled to 50  load

Refer to the following system connect diagram examples in Chapter 18, “System
Interconnections,” for more information about system interconnections.

* Figure 307, “E5505A system connections with standard test set,” on page 403
* Figure 308, “E5505A system connections with test set option 001,” on page 404
 Figure 309, “E5505A system connections with test set option 201,” on page 405

Checking the beatnote

While the connect diagram is still displayed, Agilent recommends that you use
an oscilloscope (connected to the Monitor port on the test set) 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.

Agilent E5505A User’s Guide
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Refer to Chapter 14, “Evaluating Your Measurement Results if you 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.

| | | | |
-1V/div

E5505a_oscillo_disp_beatnote
25 Feb 04 rev 1

Figure 129 Oscilloscope display of a beatnote from the test set Monitor port

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

2 When the PLL Suppression Curve dialog box appears, select View
Measured Loop Suppression, View Smoothed Loop Suppression, and
View Adjusted Loop Suppression. See Figure 130 on page 184.
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Phasze Locked Loop Suppression Calibration Factors

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

Thearetical and Actual Loop Suppression Factors

10 100 1*® 10K

FLL Gain Change: 8E0E-3  dE

Closed PLL B'w:  2.8823E+3 Hz
Peak Tune Range: 100.5E+3Hz

Azsumed Pole: 89.48E+3Hz

I awirnum Error: 589.5E-3 dB

Detector Constant: 599E-3  Valts/Radian
CO Constant: 9 2NE+3Hzalt

W ‘Wiew Smoothed Loop Suppression

¥ Wiew &djusted Theoretical Loop Suppression
™ Wiew Theoretical Loop Suppression

Figure 130 Selecting suppressions

There are four different curves for this graph. (For more information about
loop suppression verification, refer to Chapter 15, “Advanced Software

Features.”)

a “Measured” loop suppression curve—this is the result of the loop
suppression measurement performed by the E5505A 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.

¢ “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, refer to Chapter 14, “Evaluating Your
Measurement Results” for help with using the results.
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Figure 131 shows a typical phase noise curve for a RF synthesizer using EFC.

I;Ei RFSynth_EFC_pnm - ES500 Phase Moise Measurement Subsystem

File Edit View Defne Measure Analyze Swstem Help
D|=(8] |0 KR 0| x|E| « mf of @ ¥
RF Synthesizer vs  8663A EFC
E5500  Carier: S00E+ Hz 24 Jul 1997 0648309 - 065050

10 100 1K 10K 100K 1D AM
L(f) [dBe/Hz] vs f [Hz]

A new measurement has been lnaded into the server. LOCAL IDLE i

Figure 131 Typical phase noise curve for an RF synthesizer using EFC
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Table 25 Parameter data for the RF synthesizer (EFC) measurement

Step

Parameters

Data

1

Type and Range Tab
Measurement Type

 Start Frequency

 Stop Frequency

* Minimum Number of Averages
FFT Quality

Sources Tab
Carrier Source
* Frequency
* Power

* Carrier Source Output is
connected to:

Detector Input

* Frequency

Reference Source

* Frequency

* Reference Source Power

VCO Tuning Parameters

* Nominal Tune Constant

* Tune Range

* Center Voltage

* Input Resistance

Cal Tab

* Phase Detector Constant

* VCO Tune Constant

* Phase Lock Loop Suppression
* If Limit is exceeded

Block Diagram Tab
* Carrier Source

* Downconverter

* Reference Source
* Timebase

* Phase Detector

* Test Set Tune Voltage
Destination

* VCO Tune Mode

Test Set Tab

Input Attenuation

LNA Low Pass Filter

* LNA Gain

* DC Block

* PLL Integrator Attenuation

Absolute Phase Noise (using a phase locked loop)
10 Hz

4E+6Hz

4

Fast

500 E + 6 Hz
10 dBm

Test Set
500 E +6 Hz

500 E +6 Hz (same as Carrier Source Frequency)
16 dBm

25 Hz/V

+ 10 Volts

0 Volts

1 E +6 ohms

Measure Phase Detector Constant

Measure from expected VCO Tune Constant
Verify calculated phase locked loop suppression
Show Suppression Graph

Manual

None

Agilent 8663A

None

Automatic Detector Selection

Reference Source
EFC

0dB

20 MHz (Auto checked)

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

0 dBm

186
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Table 25 Parameter data for the RF synthesizer (EFC) measurement (continued)

Step

Parameters

Data

6

Downconverter Tab

Graph Tab

* Title

* 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

* The downconverter parameters do not apply to this
measurement example.

* RF Synthesizer vs Agilent 8663A using EFC
* Single-sideband Noise (dBc/Hz)

* 10Hz

* 4E+6Hz

* 0dBc/Hz

* —170 dBc/Hz

* 1 Hz bandwidth

* 1 times the current carrier frequency
* 0dB

0
* 0dB

Agilent E5505A User’s Guide
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Microwave Source

188

This measurement example will help you measure the absolute phase noise of
a microwave source (2.5 to 18 GHz) with frequency drift of <10E - 9 X Carrier
Frequency over a period of thirty minutes.

To prevent damage to the test set’s components, do not apply the input signal to
the signal input connector until the input attenuator has been correctly set for the
desired configuration, as shown in Table 27 on page 195. Apply the input signal
when the connection diagram appears

Required equipment

This measurement requires an Agilent 8644 A with a DCFM Input port, in
addition to the phase noise test system and your DUT. (For more information,
see the section “Selecting a reference source" on page 132.) You also need the
coaxial cables and adapters necessary to connect the DUT and reference
source to the test set.

To ensure accurate measurements allow the DUT and measurement equipment to warm
up at least 30 minutes before making the noise measurement.

Defining the measurement

1 From the File menu, choose Open.
2 If necessary, choose the drive or directory where the file you want is stored.

3 In the File Name box, choose “MicroSRC.pnm”. See Figure 132.

Open K E
Look jn: Ia Test Files LI gl IE £5
Confidence. praim @ StableRF. prrn
E FreeRF. prm

MicroSHC, prim
E Residual.prim
| ] RFSynth_DCFM.prm
&) RFSynth_EFC.prm

File name: IMichSHC.pnm Open I
Files of kype: l ES500 Measurement Files [*.pnm) LI Cancel |

Figure 132 Select the parameters definition file

4 Click the Open button.
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The appropriate measurement definition parameters for this example
have been pre-stored in this file. Table 28 on page 200 lists the
parameter data that has been entered for the Microwave Source
measurement example.)

Note that the source parameters in Table 28 on page 200 may not be appropriate for the
reference source you are using. To change these values, refer to Table 26 on page 190,
then continue with step 5 below. Otherwise, go to the section “Beginning the
measurement” on page 193.

b Using Figure 133 on page 190 as a guide, navigate to the Sources tab.

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

Enter the VCO Tuning Constant (see Table 26 on page 190). Use the
following equation to calculate the appropriate VCO Tuning Constant to
enter for the measurement.

VCO Tuning Constant = T x Carrier Frequency, where T= 5E-9

For example, to calculate the Tuning Constant value to enter for EFC tuning
when the center frequency is 18 GHz:

Agilent E5505A User’s Guide

(GE-9)X(18E +9)=90

Enter the Tune Range of VCO (see Table 26 on page 190).
Enter the Center Voltage of VCO (see Table 26).
Enter the Input Resistance of VCO (see Table 26).
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nfidence Test using 8663A Int vs Ext 10 MHz - E5500 Phase Hoise Measureme... !E[ E
e Edit “iew RS Messure  Analyze System  Help

x|] 1 0] 2|

Limit Lines...

Security Level...

EFT Segment Takle E5500 ﬂ E

Sweept Segment Table
—  TypeandRange Sources | Cal I Block. Diagraml TestSetI Downconverterl Graphl

Abzolute Phaze Moize [using a phase locked loop)
—Eamer Source ———

< Frequency I Hz Power I? dBm

Carrier Source Output is connected to: % Test Set " Downconverter

- Detector Input Frequency Fieference Source
|1 OE+E Hz ’7 Frequency |1 OE+E Hz Power |1 B dBm
Dretector Input Frequency = Reference Source Frequency multiplied by [ |1 ! |1 ]
o

L0 Tuning P
Mm:?une Constant |1 E+3 Hz #%alt Center Yoltage IU Wolts

Tune Range +/- |1 0 Wolts Input Resistance IBDD Ohmsz
I Bl Ewed esaEton from Eemten Y alage I‘I 5

The Tune Fange iz within the limits of

from +4 0,20 to +/- 10,00 Valts, Freset |

az required by the current Center Woltage setting.

e5505a_user_enter_source_info
24Jun 04 rev3 Help |

Figure 133 Enter source information

Table 26 Tuning characteristics for various sources

VCO Source Carrier  Tuning Constant Center Voltage Tuning Input Tuning
Freq. (Hz/V) Voltage Range (£V) Resistance  Calibration
(V) (Q) Method

Agilent 8662/3A

EFC Vg 5E-9xv 0 10 1E+6 Measure

DCFM FM Deviation 0 10 1K (8662) Compute
600 (8663) Compute

Agilent 8642A/B FM Deviation 0 10 600 Compute

Agilent 8644B FM Deviation 0 10 600 Compute

Other Signal

Generator FM Deviation 0 10 Rin Compute

DCFM Calibrated for

1V

Other User VCO Estimated withina  -10to TE+6 Measure

Source factor of 2 +10
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1 Using Figure 134 on page 191, navigate to the Block Diagram tab.

2 From the Reference Source pull-down list, select your source.

3 When you have completed these operations, click the Close button

@ Confidence Test using
File Edit iew

Messurement...

Limit Lines...
Security Level...

$663A Int vs Ext 10 MHz -
=W hessure  Anslyze System  Help

|| = o | ] ¥

E5500 Phase Hoise Measureme... !E[ ﬁ

FFT Segmert Takle

Sweept Segment Table

e5505a_user_select_ref_source
24 Jun 04 rev 3

E5500

Type and Hangel Sourcesl Cal

Abzolute Phase Moize [uzing a phaze locked loop)

- Carrier Source

] El

— Down Caorverter

& Mone
€ Spstemn Contral
© Manual
© Enternal

I[none]

-~ Reference Source

c|hf&k| I [manual]

w mEEse

Block Diagram | Test Setl Downconverterl Graph I

" Phaze Detectar

I.&utomatic Detector Selection j

Test Set Tune Yoltage

(ataEuts | Frant Panel i
D estination I Reference Source ¥ I

Kl o w3

| e e e
" DCFM
cIh;?ch I[none] "Heference Source——————————————— =

] [T A—]

Aszzet Manager |

Freset |

Close |

Help |

Figure 134 Selecting a reference source

Selecting Loop Suppression Verification

1 Using Figure 135 on page 192 as a guide, navigate to the Cal tab.

2 In the Cal dialog box, check Verify calculated phase locked loop
suppression and Always Show Suppression Graph. Select If limit is

exceeded: Show Loop Suppression Graph.

3 When you have completed these operations, click the Close button.
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Figure 135 Selecting loop suppression verification

192

Setup considerations for the microwave source measurement

Measurement noise floor

Figure 136 shows a typical noise level for the N5502A/70422A downconverter
when used with the 8644B. Use it to help you estimate if the measurement
noise floor is below the expected noise level of your DUT.

Phase noise ( (f) dBc/Hz)

E5505a_noise_charac_microwave

26 Feb 04

-100
-120
-140
-160

rev 1

Specification

Typical

1

10 100 1k 10k 100k 1M

Offset frequency (Hz)
Fc =10 GHz

10M

Figure 136 Noise characteristics for the microwave measurement
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If the output amplitude of your DUT is not sufficient to provide an adequate
measurement noise floor, it will be necessary to insert a low noise amplifier
between the DUT and the downconverter input. (Refer to “Inserting a
Device" on page 122 for details on determining the effect that the
amplifier’s noise will have on the measured noise floor.)

Beginning the measurement

1 From the Measurement menu, choose New Measurement. See Figure 137.

w] Externally loaded file - Agilent E5500 Phase Noise Measurement Subsystem
Ele Edit ‘iew Define | Measure Analyze Sysksm  Help
MIEERETRY o| 2| E| ||
Repeat Measurement
Abart Measurement Phase Moise Measurement
Real-Time Monitor
Al E5500 Jut

T + Don't Automatically Clear Graph.
v Pause at Connect Diagram

100K 1M 10

1K 10K
Lify [dBc/Hz] vs £ [ Hz]
Perform a new cal and measurement LOCAL IDLE v

Figure 137 Selecting a new measurement

2 When the Do you want to perform a New Calibration and Measurement?
prompt appears, click Yes.

Agilent E5500

‘?/ [0 wou want ko perform a Mew Calibration and Measurement?

Figure 138 Confirm measurement dialog box

3 When the Connect Diagram dialog box appears, click on the hardware
drop-down arrow and select your hardware configuration from the list. See
Figure 139 on page 194.
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E5500 Instrument Connections

Werify Connections
Jul 26, 1937 16:50:36

DUT TEST SET OPT 001 DOWNCONVERTER
TUNE
IN QUTPUT] =y
& O C O @ O
(OIS
REFERENCE
TUNE J
IN QUTPUT]
= \. W
LRl NS500A optior 001
~ Contral Pane
EFT Analyzer | SentnalEer | Test Set | Downconverter | EhiaseEthifter |
Larrier Source | Heference Sauce | Eresidua| Saumee | (S5l Bratian Seunee | Erequency Eounterl
-~ Tuning Yoltag
Center IU 3 Waoltz  Range +/- I‘ID Walts ’WI Abort | L] |

Figure 139 Connect diagram for the microwave source measurement

4 Connect your DUT and reference sources to the test set at this time.
Confirm your connections as shown in the connect diagram.

The input attenuator (Option 001 only) is now correctly configured

based on your measurement definition.

The test set’s signal input is subject to the limits and characteristics in Table 27.

To prevent damage to the test set’s hardware components, do not apply the input
signal 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 when the

connection diagram appears.
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Table 27 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 with Option 001)

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 0 to +20 dBm
Downconverters:
* Agilent N5502A/70422A +5 to +15 dBm
* Agilent N5507A/70427A 0 to +30 dBm

Characteristics
Input Impedance 50 Q Nominal
AM Noise DC coupled to 50 Q load

Refer to the following system connect diagram examples in Chapter 18, “System
Interconnections,” for more information about system interconnections.

* Figure 307, “E5505A system connections with standard test set,” on page 403
* Figure 308, “E5505A system connections with test set option 001,” on page 404
* Figure 309, “E5505A system connections with test set option 201,” on page 405

Checking the beatnote

While the connect diagram is still displayed, Agilent recommends that you use
an oscilloscope (connected to the Monitor port on the test set) or a counter to
check the beatnote being created between the reference source and your DUT.
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.
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Refer to Chapter 14, “Evaluating Your Measurement Results” if you 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. See Figure 140.

| | | | |
-1V/div

E5505a_oscillo_disp_beatnote
25Feb 04 rev 1

Figure 140 Oscilloscope display of a beatnote from the test set Monitor port
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Estimate the system’s capture range (using the VCO source parameters
entered for this measurement) using the equation below. The estimated VCO
tuning constant must be accurate within a factor of 2.

VCO Tuning Constant (Hz/V) X Tuning Range (V)
5

Capture Range (Hz) =

Capture Range (Hz) = (HSZN) X M _ _ (Hy

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.

If you are not able to tune the beatnote to within the capture range due to frequency drift,
refer to Tracking Frequency Drift in the Problem Solving section of this chapter for
information about measuring drifting signals.

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

2 When the PLL Suppression Curve dialog box appears, select View
Measured Loop Suppression, View Smoothed Loop Suppression, and
View Adjusted Loop Suppression. See Figure 141 on page 198.
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Phasze Locked Loop Suppression Calibration Factors EHE

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

Thearetical and Actual Loop Suppression Factors

FLL Gain Change: 8E0E-3  dE

Closed PLL B'w:  2.8823E+3 Hz
Peak Tune Range: 100.5E+3Hz ¥ “iew Smonthed Loop Suppression
Azsumed Pole: 89.48E+3Hz
I awirnum Error: 589.5E-3 dB ) ) :
Detector Constant: 599E-3  Valts/Radian I™ iew Theoretical Loop Suppression
CO Constant: 9 2NE+3Hzalt

¥ Wiew &djusted Theoretical Loop Suppression

Figure 141 Selecting suppressions

¢ There are four different curves for this graph. (For more information about
loop suppression verification, refer to Chapter 15, “Advanced Software
Features.”)

a “Measured” loop suppression curve—this is the result of the loop
suppression measurement performed by the E5505A 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.

¢ “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, refer to Chapter 14, “Evaluating Your
Measurement Results” for help with using the results.
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Figure 142 shows a typical phase noise curve for a microwave source.

!;.Ei MicroSEC pnm - ES500 Phase Moise Measurement Subspstem
File Edit “iew Define Measure Analyze  Spstem Help

D|e|| S|n K|R|e| X|E) 4 = of & %
Microwave source (12 GHz) vs 8644B DCFM
ESS0 Camir 12B40Hz 2411997 161754162043

-170 ; e — — e —
1 100 1K 10K 100K 1M 4
Lify [dBc/Hz] vs f [Hz]
A new measurement has been loaded inta the server. |LOCAL |IDLE i

Figure 142 Typical phase noise curve for a microwave source
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Table 28 Parameter data for the microwave source measurement

Step

Parameters

Data

1

Type and Range Tab
Measurement Type

 Start Frequency

 Stop Frequency

* Minimum Number of Averages
FFT Quality

Sources Tab
Carrier Source
* Frequency
* Power

* Carrier Source Output is
connected to:

Detector Input

* Frequency

Reference Source

* Frequency

* Reference Source Power

VCO Tuning Parameters

* Nominal Tune Constant

* Tune Range + Center Voltage

* Input Resistance

Cal Tab

* Phase Detector Constant

* VCO Tune Constant

* Phase Lock Loop Suppression
* If Limit is exceeded

Block Diagram Tab
* Carrier Source

* Downconverter

* Reference Source
* Timebase

* Phase Detector

* Test Set Tune Voltage
Destination

* VCO Tune Mode

Test Set Tab

Input Attenuation

LNA Low Pass Filter

* LNA Gain

* DC Block

* PLL Integrator Attenuation

Absolute Phase Noise (using a phase locked loop)
10 Hz

4E+6Hz

4

Fast

12E+9Hz
10 dBm

Test Set
600 E +6 Hz

600 E +6 Hz (same as Carrier Source Frequency)
16 dBm

40 E +3 Hz/V
+ 10 Volts

0 Volts

600 Q

Measure Phase Detector Constant

Calculate from expected VCO Tune Constant
Verify calculated phase locked loop suppression
Show Suppression Graph

Manual

Agilent N5502A/70422A
Agilent 8644B (System Control)
None

Automatic Detector Selection

Reference Source
DCFM

0dB

20 MHz (Auto checked)

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

0 dBm

200
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Table 28 Parameter data for the microwave source measurement (continued)

Step Parameters Data
6 Downconverter Tab
Input Frequency * 12E+9
L.0. Frequency * Auto
I.F. Frequency * (Calculated by software)
Millimeter Frequency ° 0
L.0. Power * 20 dBM
Maximum AM Detector Level * 0dBm
Input Attenuation * 0dB
L.F. Gain - 0dB
* Auto * Checked
Microwave/Millimeter Band * Microwave (0 to 26.5 GHz)
Millimeter Band Mixer Bias
* Enable * Unchecked
* Current * 0mA
Reference Chain
* Reference * 10 MHz
* External Tune Enable * Unchecked
Tuning Sensitivity * 0ppm/v
* Nominal * 0ppm/V
* 100 MHz PLL Bandwidth * 126 Hz
* 600 MHz PLL Bandwidth * 10000 Hz
7 Graph Tab
> Title * Microwave Source (12 GHz) vs. Agilent 8644B

* Graph Type

* X Scale Minimum

e 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)
* 10Hz
* 4E+6Hz
* 0dBc/Hz
¢ —170 dBc/Hz
* 1 Hz bandwidth

* 1 times the current carrier frequency
* 0dB

<0

* 0dB
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7 Residual Measurement Fundamentals

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.

The noise mechanisms

Residual noise is the sum of two basic noise mechanisms:
e additive noise

e multiplicative noise

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. See Figure 143.

Device under

test

Source
A RF noise added

to the signal
Noiseless
source e
_ RF noise around
£o50% add noise_comp the signal frequency

Figure 143 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. See Figure 144.
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Device under
test

Source
Base band noise

mixed around
the signal
Noiseless \\v
source

Base band noise
Figure 144 Multiplicative noise components
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Assumptions about Residual Phase Noise Measurements

206

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 DUT.

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 DUT 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 DUT is connected to either of the two
inputs of the phase detector, all of the source noise cancels and only the
residual noise of the DUT is measured. See Figure 145.

Device
—p under
test
Source
j Phase n oand
detector ase ban
®_> @ > analysis
1 Power
splitter
E5505a_typ_res_phase_noise

27 Feb 04 rev 1

Figure 145 Setup for typical residual phase noise measurement
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Frequency translation devices

If the DUT is a frequency translating device (such as a divider, multiplier, or
mixer), then one DUT must be put in each path. The result is the sum of the
noise from each DUT. In other words, each DUT is at least as quiet as the
measured result.

If the DUTs are identical, a possible (but not recommended) assumption is that
the noise of each DUT is half the measured result, or 3 dB less. All that really
can be concluded is that the noise level of one of the DUTs 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 DUT must also be measured against the other two DUTSs. 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 DUTs. See Figure 146.

Device
— under
test
Source
j Phase 5 -
detector > ase ban
( :) g analysis
1 Power
splitter
Device
1 under
o e test

Figure 146 Measurement setup for two similar DUTs
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Calibrating the Measurement

In the E5505A Phase Noise Measurement System, residual phase noise
measurements are made by selecting Residual Phase Noise (without using a
phase locked loop).

There are six calibration methods available for use when making residual
phase noise measurements. They are:

e User Entry of Phase Detector Constant
* Measured +DC Peak

* Measured beatnote

e Measured beatnote/automatic cal

¢ Double-Sided ®M Spur

e 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. See Figure 147.

g}

Source I Phase
j | detector
(D—' | | T
Power I
splitter |

E5505a_genl_equip_setup 1
27 Feb 04 rev 1

Figure 147 General equipment setup for making residual phase noise measurements
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Calibration and measurement guidelines

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 short, T will be small. The attenuation
of the source noise is a function of the carrier offset frequency, and the
delay time (1) and is equal to:

Attenuation (dB) =20log | 2sin(mt x f x1)

Where :
| =carrier offset frequency
T =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 delays. At f = =, source noise is
rejected completely. the first null in noise can be used to determine the
delay difference. At f = —— , source noise shows up unattenuated. At
lower offsets, source nois?is attenuated at 20 dB per decade rate at 0.1
of ——, source noise is attenuated 20 dB. Examples of sources which best
me%%xchese requirements are the 8644B and 8642A/B.

The source used for making residual phase noise measurements must be low in
AM noise because source AM noise can cause AM to ®M conversion in the DUT.

Mixer-type phase detectors only provide about 20 to 30 dB of rejection to AM
noise in a ®M noise measurement so the AM noise can appear in the phase
noise plot.

2 Itis very 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
DUT and other phase-sensitive components from mechanically-induced
phase noise. The mechanical shock of bumping the test set or kicking the
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table will often knock a sensitive residual phase noise measurement out of
quadrature.

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.

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.

An amplifier must be used in cases where the signal level out of the DUT 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:

It 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 setup
to minimize degradation from the thermal noise floor.

It should 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.

The amplifier’s sensitivity to power supply noise and the power supply
noise itself must both be minimized.

Calibration options

There are six 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
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User entry of phase detector constant

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

e 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.

¢ It does not take into account the amount of power at harmonics of the
signal.
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Procedure

1 Connect circuit as per Figure 148, and tighten all connections.

Power meter ___ lestset
or | 1
Optional line spectrum | I
stretcher analyzer . I

— | Signal

Power input |
splitter @(—b >—‘ Phase |
Source I_I | detector |
V<1 |
L — ! |
| |
E5505a_phase_det_signal | Ref input |

27 Feb 04 rev 1

Figure 148 Measuring power at phase detector signal input port

2 Measure the power level that will be applied to the signal input of the test
set’s phase detector. Table 29 shows the acceptable amplitude ranges for
the E5505A phase detectors.

Table 29 Acceptable amplitude ranges for the phase detectors.

Phase Detector

50 kHz to 1.6 GHz 1.2 t0 26.5 GHZ'

Ref Input (L Port) Signal Input (R Port) Ref Input (L Port) Signal Input (R Port)
+15 dBm to +23 dBm 0 dBm to +23 dBm +7 dBm to +10 dBm 0 dBm to +5 dBm

1 Phase noise test set Options 001 and 201.

3 Locate the power level you measured on the left side of the Phase Detector
Sensitivity Graph (Figure 154 on page 219). Now 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 149 Phase detector sensitivity

4 Remove the power meter and reconnect the cable from the splitter to the
Signal Input port.

5 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 in Figure 151, “Measuring power at phase detector reference
input port,” on page 214.

6 Remove the power meter and reconnect the cable from the splitter to the
Signal Input port.

7 After you complete the measurement set up procedures and begin running
the measurement, the computer will prompt you to adjust for quadrature
(Figure 150 on page 214). 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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Figure 150 Adjust for quadrature

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
measurement.

Test set

Optional line I
stretcher

|

|

Power input |

spliter g e | Phase |

Source I_l Power meter or detector |
trum
| spec |
|
|

Q
v

analyzer
; Y a——

g

E5505a_pwr_phase_det_ref | Refin pUt
27 Feb 04 rev 1

————— — —— —

Figure 151 Measuring power at phase detector reference input port

214 Agilent E5505A User's Guide



Residual Measurement Fundamentals 7

Measured * DC peak voltage

Advantages

e Easy method for calibrating the measurement system.
e This calibration technique can be performed using the baseband analyzer.

e 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 per Figure 152 on page 216, and tighten all connections.

2 Measure the power level that will be applied to the Signal Input port of the
test set’s phase detector. Table 30 on page 216 shows the acceptable
amplitude ranges for the E5505A system phase detectors.
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Test set

| I
Optional line I

stretcher Signal |

Power input [

spiter (b ([ Brese

Source I_l | |

( )—>—< | T L

L — |

' | Lovy-pass |

| Ref input filter |

Oscilloscope —_———— ———

Connect scope to monitor output

E5505a_connect_opt_oscillo
27 Feb 04 rev 1

Figure 152 Connection to optional oscilloscope for determining voltage peaks

Table 30 Acceptable Amplitude Ranges for the Phase Detectors

Phase Detector

50 kHz to 1.6 GHz 1.2 to 26.5 GHZ'
Ref Input (L Port) Signal Input (R Port)  Ref Input (L Port) Signal Input (R Port)

+15dBm 0 dBm +7dBm 0 dBm
to to to to
+ 23 dBm +23 dBm + 10 dBm +5dBm

1 Phase noise test Options 001 and 201.

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.

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.

b The system software will then calculate the phase detector constant
automatically using the following algorithm:
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(H et ) = (F o)
2

Phase Detector Constant —

6 The system software will then prompt you to set the phase noise software’s
meter to quadrature.

7 The system will now measure the noise data.

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 shown in Table 31.

Table 31 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.

Advantages

* Simple method of calibration.

Disadvantages

e It requires two RF sources, separated by 0.1 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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Procedure
1 Connect circuit as per Figure 153, and tighten all connections.
r__ - =/
Optional line I
stretcher .

| Signal

Power input

splitter  — l Phase

Source detector

> >—|

E5505a_pwr_phase_det_ref | Ref input

27 Feb 04 rev 1

|

|

|

|

I 1 Power meter or | I
O~<_1 secnm | ofL o |
L > — anayzer |

' |

|

Figure 153 Measuring power from splitter

2

Measure the power level that will be applied to the Signal Input port of the
test set’s phase detector. Table 32 on page 218 shows the acceptable
amplitude ranges for the test set phase detectors.

Table 32 Acceptable amplitude ranges for the phase detectors

Phase Detector

50 kHz to 1.6 GHz 1.2 t0 26.5 GHZ'

Ref Input (L Port) Signal Input (R Port) Ref Input (L Port) Signal Input (R Port)
+15dBm 0 dBm +7dBm 0 dBm

to to to to

+ 23 dBm + 23 dBm + 10 dBm +5dBm

1 Phase noise test set options 001 and 201

Measure the output power at the side of the power splitter where the
calibration source will be substituted, then terminate in 50 ohms. See
Figure 154 on page 219.

Adjust the calibration source to the same output power as the measured
output power of the power splitter.

Adjust the output frequency such that the beatnote frequency is within the
range of the analyzers being used.

The system can now measure the calibration constant.
Disconnect the calibration source and reconnect the power splitter.

Adjust the phase difference at the phase detector to 90 degrees
(quadrature) either by adjusting the test frequency or by adjusting an
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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.

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.

|_ L
Optional line |
stretcher .
| Signal
Power input
splitter g l Phase

Source |—| |
RF
@—»—G calibration | @ —>
I source |
> 50Q) ': I
E5505a_cali_source_beatnote Ioad % R f H t
27 Feb 04 rev 1 | Rerinpu

|
|
|
detector :
|
|
|
I

Figure 154 Calibration source beatnote injection

Synthesized residual measurement using beatnote cal

10 This calibration option requires two synthesizers of which one must be
tunable such that a beatnote can be acquired. For the system to calibrate,
the beatnote frequency must be within the following ranges shown in
Table 33.

Table 33 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.
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Procedure

1 Connect circuit as per Figure 155 and tighten all connections.

Test set
|_ L
Synthesizer 1 i
O° power Ref input
splitter 9 | Phase

Source I_l
I . Optional line |
Synthesizer 2 stretcher : >
— 1, ] -
| Signal input

— —— ————

|
|
I
detector :
I
|
|
I

E5505a_syn_residual_measure
27 Feb 04 rev 1

Figure 155 Synthesized residual measurement using beatnote cal

2 Offset the carrier frequency of one synthesizer to produce a beatnote for
cal.

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.

Measured beatnote/automatic calibration

This calibration option requires the reference source to be a PSG (E8257D,
E8267D, or ES8663D) which has the functionality to adjust the phase remotely.

Advantages

* Simple method of calibration.

¢ Eliminates the need for a line stretcher or phase shifter.
Disadvantages

¢ Requires the reference source to be a PSG-D.

Procedure

1 Connect the equipment as shown in Figure 156.

2 The reference source must be either an E8257D, E8267D, or ES663D.
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3 The Device Under Test (DUT) and the reference source should be locked by
the same 10MHz reference. The 10MHz reference is split and provided to the
DUT and reference source.

4 The frequencies of the DUT and reference source equal each other.

. 704 20A/N5500A
Signal
EXT REF Signal Input
Source 5 P
10MHz REF (DUT) RFOUT Phase
Source detector
+
REF
EXT REF Source RFOUT REF Input

Figure 156 Automatic Calibration Connection Diagram

Auto Cal Process

When a user selects measured beatnote / auto cal, the system does the
following process.

1 Offsets frequency of a reference source to produce a beatnote for cal.

2 Reads a beatnote and calculates the phase detector constant, then turns the
frequency of the reference source back to be equal to that of the DUT.

3 Adjust phase of reference source’s output so that the 70420A/N5500A
Signal Input and the REF Input are in quadrature. Quadrature is achieved
when the output of the phase detector equals 0 V (precisely, less than
0.002V).

Double-Sided spur

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.

e The offset frequency or modulation frequency must be between 10 Hz and
maximum (See the“Measured beatnote" on page 217).
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Advantages

* Requires only one RF source.

e (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 measurement of ®M 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 modulator.

Procedure

1 Connect circuit as per Figure 157 and tighten all connections.

Power
splitter
Source

L —

-10 dB
attenuator

Optional line
stretcher

—

%

Phase

modulator

—

®

Test set
I_ -
|
| Signal
input
| Phase
detector

¢

500
load

Figure 157 Calibration setup

Q
.

| Refinput

E5505a_calibration_setup
27 Feb 04 rev 1
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2 Measure the power level that will be applied to the signal input port of the
test set’s phase detector. Table 34 shows the acceptable amplitude ranges
for the E5505A system phase detectors.

Table 34 Acceptable amplitude ranges for the phase detectors

Phase Detector

50 kHz to 1.6 GHz 1.2 t0 26.5 GHZ'

Ref Input (L Port) Signal Input (R Port) Ref Input (L Port) Signal Input (R Port)
+ 15 dBm 0 dBm +7dBm 0 dBm

to to to to

+ 23 dBm + 23 dBm + 10 dBm +5dBm

1 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. See Figure 158.
| I }-40 dBc

10 kHz Test set
|_ L
Optional line  RF spectrum | |
stretcher analyzer , |
, N | Signal |
Power input
splitter >—| Phase |
Source | detector |
I Phase | g —> |
I modulator | |
Audio -10 dB —> ® I I |
calibration Ref input
Source attenuator !_ et _p_ o _|

[ ) %' E5505a_meas_ratio_mod_port
01 Mar 04 rev 1

Figure 158 Measuring carrier-to-sideband ratio of the modulated port
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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).

For the system to accept the adjustment to quadrature, the meter must be within £2 mV to

4 mV.

7 Set the Type of Measurement to Phase Noise Without Using a PLL.

8 Set the Calibration Technique to Derive From Double-sided Spur and enter
the sideband amplitude and offset frequency.

9 Select New Measurement.

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.
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Advantages

Calibration is done under actual measurement conditions so all non-linearities
and harmonics of the phase detector are calibrated out.

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.

Procedure

1 Connect circuit as per Figure 159, and tighten all connections. Note that the
input signal into the directional coupler is being supplied to the coupler’s

output port.
Test set
. . r-————7—7"77 '|
Optional line I
stretcher .
Signal
Power input
splitter Phase

Source I_l
20 dB RF spectrum |
coupler analyzer : @ .
|_. output input ﬁ
— ! I
-10 dB l X §| | Refinput

|

|

| |
detector |

|

|

|

|

Calibration attenuator —_—— e —
source
Coupler }'40 dBc
O— 5

E5505a_cal_setup_single_sided
1 OO kHZ 01 Mar 04 rev 1

Figure 159 Calibration setup for single-sided spur
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2 Measure the power level that will be applied to the Signal Input port of the
test set’s phase detector. Table 35 on page 226 shows the acceptable
amplitude ranges for the E5505A system phase detectors.

Table 35 Acceptable Amplitude Ranges for the Phase Detectors

Phase Detector

50 kHz to 1.6 GHz 1.2 to 26.5 GHz'

Ref Input (L Port) Signal Input (R Port) Ref Input (L Port) Signal Input (R Port)
+ 15 dBm 0 dBm +7dBm 0 dBm

to to to to

+ 23 dBm + 23 dBm + 10 dBm +5dBm

1 Phase noise test set options 001 and 201

w

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 (Figure 160). 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.

Test set

[———— ——
Optional line | -|
stretcher

| Signal
Power input
splitter g l Phase

I
I
| |
. I
coupler I @
|_| output input | |
I
I

Source

N
o
Q
W

o |

lbrat 10 dB X s | Ref input
alibration e ator _—

source
Coupler
E5505a_carrier_spur_ratio
01 Mar 04 rev 1

Figure 160 Carrier-to-spur ratio of modulated signal

4 Measure the carrier-to-spur ratio of the non-modulated side of the phase
detector (Figure 161 on page 227). 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
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coupler. This isolation can be improved at the expense of signal level by
adding an attenuator between the coupler and the power splitter.

Optional line  RF spectrum |
stretcher analyzer

I

I

Power input |

splitter >—| Phase |

Source I_l detector |
-20 dB |
I
I

coupler
|_| output input
e
Calibrat 10 dB =< ¢ | Refinput
alibration attenuator -_—— =

source

’ Coupler
po rt E5505a_carrier_spur_ratio_non_mod
01 Mar 04 rev 1

Figure 161 Carrier-to-spur ratio of non-modulated signal

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 test set is set to center scale.

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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Measurement Difficulties

Chapter 14, “Evaluating Your Measurement 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.

System connections

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 test set phase detector inputs.
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Amplifier Measurement Example

This example contains information about measuring the residual noise of
two-port devices. It demonstrates a residual phase noise measurement for an
RF Amplifier. Refer to Chapter 7, “Residual Measurement Fundamentals for
more information about residual phase noise measurements.

To prevent damage to the test set’s components, do not apply the input signal to
the signal input connector until the input attenuator has been correctly set for the
desired configuration, as show in Table 36 on page 238. Apply the input signal
when the connection diagram appears.

Required equipment

This measurement requires the following equipment:

e RF amplifier

e Stimulus source (frequency of amplitude under test)
e Power splitter (NARDA 30183)

* Coaxial cables and adapters necessary to connect the DUT and reference
source to the test set.

To ensure accurate measurements allow the DUT and measurement equipment to warm
up at least 30 minutes before making the noise measurement.

The setup for a residual phase noise measurement uses a phase shifter to set
quadrature at the phase detector. See Figure 162 on page 231.
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Test set

DUT

|
Power input
splitter —P—D »> P Phase i
1

| | detector
Optional line g >
stretche : j—

a1 e
) | Ref input |
Oscilloscope —— e

Source

=

L —

Connect scope to monitor port

E5505a_user_connect_osc_vol_peak
16 Mar 04 rev 3

Figure 162 Setup for residual phase noise measurement

Defining the measurement

1 From the File menu, choose Open.
2 If necessary, choose the drive or directory where the file you want is stored.

3 In the File Name box, choose “res_noise_lghz_demoamp.pnm” See

Figure 163.
Open

Lookin: |2l ESA00 =] 5

frn_digcrl

@ frn_discr

B FreeRF @] RFSynth_DCFM

) 8662 63 EFC #] StableRF

@ P eazFile @ woo_dss

@ MicroSRC @ wizo_réd

4] [+
File name: Ires_nu:uise_'l ghz_demoamp_2644b Qpen I
Filez of type: I ERS00 Measurement Files (*.prm] j Cancel |

Figure 163 Select the parameters definition file

4 Click the Open button.

The appropriate measurement definition parameters for this example have
been pre-stored in this file. Table 38 on page 243 lists the parameter data
that has been entered for this residual phase noise measurement example.

Agilent E5505A User’s Guide 231



232

Residual Measurement Examples

5 From the Define menu, choose Measurement; then choose the Type and
Range tab from the Define Measurement window.

6 From the Measurement Type pull-down, select Residual Phase Noise
(without using phase lock loop). See Figure 164.

(@ res_noise_1ghz_demoamp_8644b - E5500 Phase Noise Measurement Subsystem

Filz Edit Wiew Measure  Analyze  Swstem  Help

J—l—lD =d é Limit Line |J—|X ﬂ g b

»|

i Olffzet Frequency Fangs

Security Level |iual Phase MNowse Measurement @@ | GHz
- ES I E5500 <]
AL SWeRISEAMt Typeand Range | S Biooic Diagian | Test Set | Graph |

pf Type to Measurement Tope

Start Offset |10 Hz

i FFT Quali

& Momal ¢ Fast O HighResolution ¢ Custom

oo . ~ Swept Quali

100 © Nomal %) Fast " High Resolution ¢ Custom

Stop Offget |100E+E Hz
FFT Analyzer Minimum Mumber of Averages |4

Define Custorn Segment T able

FFT
Swept

Edit the current measuwement param

e5505a_user_nav_residual
24 Jun 04 rev 3 Help |

Figure 164 Navigate to residual phase noise

7 Choose the Sources tab from the Define Measurement window.

8 Enter the carrier (center) frequency of your DUT. Enter the same frequency
for the detector input frequency. See Figure 165 on page 232.

ES500 [ %]

Type and Range  Source |Ea| | Block Diagram | Test Set | Giaph |

Residual Phase Moise [without using a phase lacked loop]

Carrier Source
Frequency )z Fower |10 dBm ‘

etector Input

Fraquency [1E+3 H ‘

Figure 165 Enter frequencies into source tab
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9 Choose the Cal tab from the Define Measurement window.

10 Select Derive detector constant from measured + DC peak voltage as the
calibration method. See Figure 166.

Agilent ES500 EJ@

Type and Hange] Source  Cal l Block Diagram] Test Set] Graph ]

Residual Phase Maise [without using a phase locked loop)

Fhase Detectar Constant

Usze current detector constant
Derive detectar constant from measured beat note

Derive detectar constant from measured beat note / automatic cal

e~
r
-
" Derive detector constant from measured +/- DG peak voltage
" Derive detector constant fram double - sided spur

r

Derive detectar constant from gingle - sided spur

Current Phage Detector Constant {401 8E-3 Walts / Fad

Known Spur Parameters

Amplitude ID dBc
Offzet Frequency |0 Hz Prezet

|

Figure 166 Select constant in the cal tab

11 Choose the Block Diagram tab from the Define Measurement window. Refer
to Figure 167.

a From the Phase Shifter pull-down, select Manual.

b From the Phase Detector pull-down, select Automatic Detector
Selection.
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- [= -_— _
’7,_ A Automatic Detector Selection | ‘

;Tr =

Figure 167 Select parameters in the block diagram tab

12 Choose the Graph tab from the Define Measurement window.

13 Enter a graph description of your choice (E5500 Residual Phase Noise
Measurement @ 1 GHz, for example). See Figure 168 on page 234.

EB500 Fiesidual Fhase Hoise Messuement @ 16GH2 ) 7]
Single-sigetand priage noize [dEciHz) =

T00E+6

Figure 168 Select graph description on graph tab

14 When you have completed these operations, click the Close button.
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Setup considerations for amplifier measurement

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

e Shielding from air currents may be necessary.

Beginning the measurement

1 From the View menu, choose Meter to select the quadrature meter. See
Figure 169.

 _1ghz_demoamp_8644b - E5500 Phase Moise Measurement Subspstem

File Edit LDefine Measure  Analyze  Swestem  Help
Ol v Toolbar hl 2| 7 |

lvglatus Bar il Ia EI
Markers asurement @ 1 GHz 0.000
j| v Meter Apr 1998 10:35:04 - 10:36:33 Waltz
0 T 1 = Looo
-10] LClear Graph Eosm

-20) Riefresh Graph

Farameter Summary
Measurement Definition
Spur List

FLL Suppression Graph
Instument Connections
deszage Log

Diizplay Preferences...

v Update Graph when Parameters are Changed

-0.500

1K 10E 100k 1 1081
Lif) [dBc/Hz] ws £ [ Hz] 1000

Show ar hide the meter LOCAL IDLE 7

100nT

Figure 169 Select meter from view menu
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1 From the Measurement menu, choose New Measurement. See Figure 170.

(i Externally loaded file - Agilent E5500 Phase Noise Measurement Subsystem

File Edit Yiew Define | Me fnalyze  System Help
E o| 2| & |

nent
Phase Noise Measurement

1=

Repeat Measurement

Abort Measurement:
Real-Time [onitor

-- w Don't Automatically Clear Graph.
v Pause at Connect Dizaram

1 10 o0

1K 10K 100K 1M 100
Lify [dBc/Hz] ws £ [ Hz]

Perfarm a new cal and measurement

LOCAL IOLE A
Figure 170 Selecting New Measurement
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2 When the Do you want to perform a New Calibration and Measurement?

prompt appears, click Yes.

Agilent E5500

‘,

</

Do you want to perform a New Calibration and Measurement?

Figure 171 Confirm new measurement

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

list. Refer to Figure 172.

E5500 Instrument Connections

Werify Connections
Jul 27,1997 16:36:40

DUT
TUNE
N ourpuT 4 )
\ [ .
[N BN

stion 007 test s

hardware:

-~ Control Parel

EFT Analyzer Slent Al izey | Test Set

| Downconverter |

Phase Shiter |

e Suee |

FEEenee Suuee | Residual 5 ouice | [Ealibaration Sulice | FEguErey Cuuntsll

" Tuning oltage

Center IU 33 Waltz  Range +/- |10 Walts

Continug I

Abort I

Local |

Figure 172 Setup diagram for the 8349A amplifier measurement example

4 Connect your DUT and reference sources to the test set at this time.
Confirm your connections as shown in the appropriate connect diagram.

The input attenuator (Option 001 only) is now correctly configured
based on your measurement definition.
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The test set’s signal input is subject to the limits and characteristics contained in
Table 36.

To prevent damage to the test set’s hardware components, do not apply the input
signal to the test set’s signal input connector until the input attenuator (Option
001) has been set by the phase noise software, which occurs at the connection
diagram.

Table 36 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)

* Microwave Phase Detectors 0 to +5 dBm (Signal Input)

+7 to +10 dBm (Reference Input)

Characteristics

Input Impedance 50 Q nominal

Refer to the following system connect diagram examples in Chapter 18, “System
Interconnections” for more information about system interconnections.

* Figure 307, “E5505A system connections with standard test set,” on page 403
* Figure 308, “E5505A system connections with test set option 001,” on page 404
* Figure 309, “E5505A system connections with test set option 201,” on page 405
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Making the measurement

Calibrate the measurement using measured = DC peak voltage

Refer to Chapter 7, “Residual Measurement Fundamentals for more
information about residual phase noise measurements calibration types.

Procedure

1 Using Figure 173 and Figure 174 on page 240 as guides, connect the circuit
and tighten all connections.

2 Measure the power level that will be applied to the Signal Input port of the
test set phase detector. Table 37 shows the acceptable amplitude ranges for
the test set phase detectors.

Table 37 Acceptable amplitude ranges for the phase detectors

Phase Detector

kHz to 1.6 GH
50 kHz to 1.6 GHz 1.2 to 26.5 GHZ'

Ref Input (L Port) Signal Input (R Port) Ref Input (L Port) Signal Input (R Port)
+15dBm 0 dBm +7dBm 0 dBm

to to to to

+ 23 dBm + 23 dBm + 10 dBm +5dBm

1 Phase Noise Test Set Options 001 and 201

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. See Figure 173 and
Figure 174 on page 240.
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Phase
Power shifter
splitter
Calibration
source g E—

A

DUT = |_ J Delay line

LML =

To test set rear panel Test set
CHIRP input =

Pﬁrf%rLj =

e O
Digitizer J
output =

J

PC

Digitizer
input

C——— |

GPIB

Spectrum analyzer

e

e5505a_user_residual_connect_ex
25Jun 04 rev3

DUT

I
Power input
splitter —D >> Phase i
|

| | detector
Optional line g >
stretche : j—

N @' > | Low-pass
| Refinput filter

Source

-

L —

Oscilloscope

Connect scope to monitor port

E5505a_user_connect_osc_vol_peak
16 Mar 04 rev 3

Figure 174 Connection to optional oscilloscope for determining voltage peaks
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3 Press the Continue button when ready to calibrate the measurement.

4 Adjust the phase difference at the phase detector as prompted by the phase
noise software. See Figure 175.

!;Ei res_noize_lghz_demoamp_8644b - E5500 Phase Noise Measurement Subsystem

File  Edit “iew Define Measure Analyze  System  Help
D|(E] 8 4 CElel X8 @l off> i x|
ES5500 Residual Phase Moise Measurement (@ 1 GHz 0.000
[ 300 _ Camier: 1B+ Ha 24 fpr 1908 10:35:04 - 10:36:33 Wolts
T o e s e o
-IU_— """""""""""""""""""""""""""""""""""""""""" -
B e b LRkt bbbk s bbb bbby e bbb -
1 L C T T TR R [ LR TR R EECET EEEPEPEE —n.200
B e ettt et ety Sl S S = 0400
B e i e Sl St S Zo.050
Bl e e e e =
1] - - n.0z20
-SD:— — 0010
90 — 0.005
-100— — 0.000
S10------ : .- | -= —-0.005
20 R R SREEEEEEEE R SERELEEEEES —-0.010
'130__ """"""""""""""""""""""""""" —-0.020
I 1 T e P S L LEECET R B
] e (11 U N R SRRy AR P s M - -0.050
-160F-+-- ] - =-0.100
A0 Froomot i v il ek b= oo oo AR —-0.200
100 1K 10K 100K 11 1011 |5
10 L(H [dBc/Hz] vs f [ Hz] 100 .
Far Help, press F1 |LOCAL |IDLE A

Figure 175 Adjust phase difference at phase detector

b 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.

6 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. See Figure 176 on page 242.
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!;ZEi res_noise_lghz_demoamp_8644b - ES500 Phase Hoize Measurement Subsystem

File Edit View Define Measwe Analpze Spstem Help
D[=(E| &(r| « O®|o| x| =@ o[ HE ¥
ES5500 Residual Phase Moise Measurement (@ 1 GHz 0.000
B350 _ Carier: 1E+9 Bz 24 Spr 1998 10:35:04 - 10:36:33 Wolts x
C T T T T T T ] =1.000
L R H H H AT Zos00
f-- - B
30 — 0,200
-0 = 0100 f.oo0
C = Walts
-30r Z0.050 —= 1000
-al- - E
_10E —0.020 S o500
80 [ — 0200
90— — 0005
B e s O R .00 R
B (1 e R R L E— ---------- :L -- ----- -----J: ----------- —-0005 = 0050
-120f---- ; ; : —-ato - 0 Volts
150 —-0020 e
a0k ---- - — 0010
I | L B S R o S e PR EEE R = 0050 — 0,005
160 - ; : : =.o100 |- o.000
M- Foomeees vl e i ST (i —-0.200 = -0.005
1z oy, o, M e L - —
100 1K 10K 100K 1T 10T [S=BED
10 L(f) [dBcfHz] vs f [ Hz] 100n E qem .
For Help, press F1 [LOCAL [IDLE 4 S0
=000
= -0.200
o500
= 1000
e5505a_user_adjust_phase_shift
25Jun 04 rev3 IBRATING 4

Figure 176 Adjust phase shifter until meter indicates 0 volts

7 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

When the measurement is complete, refer to Chapter 14, “Evaluating Your
Measurement Results for help in evaluating your measurement results.

Figure 177 on page 243 shows a typical phase noise curve for an RF Amplifier.
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Residual Measurement Examples

File  Edit “iew Define Measure Analyze

Supstemn  Help

E5500 Phaze Moise Measurement Subsystem

olelu] &[n] i Kl®lo] x[El g5 o] &

¥

ES5500 Residual Phase Moise Measurement (@ 1 GHz

ES500  Carrder: 1E+3 Hz
T, T T

. I24 &«Yr 199.8

10:35:04 - 10:36:33

1K 10K 100K
Lify [dBc/Hz] vz £ [ Hz]

For Help, press F1

1M

10001

[Local  [IDLE

Figure 177 Typical phase noise curve for a residual measurement

Table 38 Parameter data for the amplifier measurement example

Step

Parameters

Data

1

Type and Range Tab
Measurement Type

 Start Frequency

« Stop Frequency

e Minimum Number of Averages
FFT Quality

Swept Quality

Sources Tab
Carrier Source
* Frequency
* Power

Detector Input
* Frequency

Cal Tab
* Phase Detector Constant

Current Phase Detector
Constant

Know Spur Parameters
Amplitude

Offset Frequency

Residual Phase Noise (without using a phase
locked loop)

10 Hz

100 E + 6 Hz

4

Normal

Fast

TE+9Hz
10 dBm

1TE+9Hz

Derive detector constant from measured + DC peak
4108 E-3

0 dBc
0 Hz
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Table 38 Parameter data for the amplifier measurement example (continued)

Step

Parameters

Data

14

Block Diagram Tab

* Carrier Source

* Phase Shifter

* DUT in Path

* Phase Detector

* Adjust the Quadrature by
adjusting the

Test Set Tab

Input Attenuation

LNA Low Pass Filter

* LNA Gain

* DC Block

* PLL Integrator Attenuation

* Dowconverter Tab

Graph Tab
* Title

* Graph Type

* X Scale Minimum

e 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

Manual

Manual

checked

Automatic Detector Selection
phase shifter

0dB

20 MHz (Auto checked)

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

0 dBm

The downconverter parameters do not apply to this
measurement example.

E5505A Residual Phase Noise Measurement
@ 1 GHz.

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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FM Discriminator Fundamentals

The Frequency Discriminator Method

246

Unlike the phase detector method, the frequency discriminator method does
not require a second reference source phase locked to the source under test.
See Figure 178.

AfpAp»AV
Delay Line td
Low Low
A¢  Pass ,Noise
: Amplifier
DUT ~ Spilitter Filter e
Afg SN Phase AV 3T SAf (f)
—'@—'} e — Detector <
2 Ki
Baseband
Phase Analyzer
| Shifter Quadrature
Monitor

Figure 178 Basic delay line/mixer frequency discriminator method

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
E5505A Phase Noise Measurement System and common coaxial cable.

Basic theory

The delay line implementation of the frequency discriminator (Figure 178)
converts short-term frequency fluctuations of a source into voltage
fluctuations that can be measured by a baseband analyzer. The conversion is 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 transformation (it — 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 double-balanced mixer, acting as a phase detector, transforms the
instantaneous phase fluctuations into voltage fluctuations (\¢p — AY). With the
two input signals 90° out 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 discriminator transfer response

The important equation is the final magnitude of the transfer response.

AV(fm) = K¢2mdAf(fm)%fT;%d2

Where \V(tm represents the voltage fluctuations out of the discriminator and
Af(fm represents the frequency fluctuations of the DUT. K¢ is the phase
detector constant (phase to voltage translation). td is the amount of delay
provided by the delay line and tyy, 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
constant K¢ and the amount of delay td large so that the voltage fluctuations
AV out of a frequency discriminator will be measurable for even small
fluctuations Af .

_ sin(nfmtd)
AV(fm) = [K¢2md e J(Af(fm))

The system sensitivity is independent of carrier frequency tg.

The magnitude of the sinusoidal output term or the frequency discriminator is
proportional to(ntmtg)/ (ntmt. This implies that the output response will have
peaks and nulls, with the first null occurring at n = 1/t. Increasing the rate of
a modulation signal applied to the system will cause nulls to appear at
frequency multiples of L/tc (Figure 179).
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Delay td = 100ns

Ad
DUT LPF LNA - ~
0-20 MHz _.@if. Ko AVIEL ;
FM Input -—
Baseband
Phase Analyzer
— | Shifter EQuad. |
Measurement limit without correction
Magnitude
of Transfer
Response Null Null
i i
[} [}
[} [}
] ]
v v | =
0 4/2 7td f = 10MHz f = 20MHz

f Offset from Carrier (Hz)

Figure 179 Nulls in sensitivity of delay line discriminator

To avoid having to compensate for sin (x)/x response, measurements are
typically made at offset frequencies (fm) much less 1/2td. It is 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 delay td increases the
sensitivity of the system. However, increasing td also decreases the offset
frequencies (fy) 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 delay td, 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 decreased Ko and
decreased system sensitivity.

The phase detector constant Ko equals the slope of the mixer sine wave output
at the zero crossings. When the mixer is not in compression, K¢ equals K Vg
where KL is the mixer efficiency and Vr is the voltage into the Signal Input
port (R port) of the mixer. VR is also the voltage available at the output of the
delay line.
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Optimum sensitivity

If measurements are made such that the offset frequency of interest () is
<1/2r1tq the sin(x)/x term can be ignored and the transfer response can be
reduced to\V(fm) = KdAaf(fm) = KgntdAf(fm

where K¢ is the discriminator constant.

The reduced transfer equation implies that a frequency discriminator’s system
sensitivity can be increased simply by increasing the delay tq or by increasing
the phase detector constant Ko- This assumption is not completely correct. Ko
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 operating in compressionl. Increasing the delay tq 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 = Ky V;,LX(10)71%/20

Where Kj, is the phase detector efficiency, V;, is 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 compression, Ko is at its
maximum and system sensitivity is now dependent on the length of the delay
1d- 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.

The following example illustrates how to choose a delay line that provided the
optimum sensitivity given certain system parameters. (See Table 39 on
page 250).

1 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), as in the 1 dB compression point.
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Table 39 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:

A delay t4 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 is —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 is —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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Introduction

252

These two measurement examples demonstrates 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
quadrature at the phase detector.

AfAG»AV

Delay Line td

Low

Low
Ab  Pass ANOII?'I?
DUT . Splitter Filter AMPplifier e
Af LSS Phase AV [ SAf (f)
i P g Detector ok >
" Ko
Baseband
|| Phase Analyzer
Shifter Quadrature
Monitor

Figure 180 FM Discriminator measurement setup

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, refer to Chapter 9, “FM
Discriminator Fundamentals.
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FM Discriminator Measurement using Double-Sided Spur Calibration

To prevent damage to the test set’s components, do not apply the input signal to
the signal input connector until the input attenuator (N5500A Option 001) has been
correctly set for the desired configuration, as shown in Table 41. Apply the input
signal when the connection diagram appears.

Required Equipment

Table 40 shows equipment required for this example in addition to the phase
noise test system and your DUT.

To ensure accurate measurements allow the DUT and measurement equipment to warm
up at least 30 minutes before making the noise measurement.

Table 40 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.

Determining the discriminator (delay line) length

Perform the following steps to determine the minimum delay line length (1)
Possible to provide an adequate noise to measure the source.

1 Determine the delay necessary to provide a discriminator noise floor that is
below the expected noise level of the DUT. Figure 181 on page 254 shows
the noise floor of the discriminator for given delay times (7).

2 Determine the length of coax required to provide the necessary delay (7).
(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 ICBM. 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
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example is negligible.) The test set Signal and Reference inputs requires +15
ICBM.

-100
-120
-140
-160
-180

| | | | | | | | |
.01 A 1 10 100 1K 10K 100K ™ 10M 100N
E5505a_disc_noise_floor L(f) = —[dBC/ HZ] VS. f [HZ]

01 Mar 04 rev 1

Figure 181 Discriminator noise floor as a function of delay time

Defining the measurement

1 From the File menu, choose Open.
2 If necessary, choose the drive or directory where the file you want is stored.

3 In the File Name box, choose “vco_dss.pnm.” See Figure 182.

Open | 7]
Lockjn [ EBBOD =l I
fm_diser? [ RFSpnith_DCFM
FreeRF 8] stableRF
8ERZ_B3_EFC voo_dss
MeasFile @ woo_rid
MicraSRC
Fesidual_sdut_rfdet
1 [ ]
File name: Ivco_dss Dpen I
Filez of twpe: I ES500 Measurement Files [ prim] j Cancel |

Figure 182 Select the parameters definition file

4 Click the Open button.
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The appropriate measurement definition parameters for this example have
been pre-stored in this file. Table 42 on page 266 lists the parameter data
that has been entered for the FM discriminator measurement example.

5 From the Define menu, navigate to the Measurement window. Using
Figure 183 as a guide:

a Choose the Type and Range tab from the Define Measurement window.

b From the Measurement Type pull-down in Type and Range tab, select
Absolute Phase Noise (using an FM discriminator).

!Ei weo_dss - E5S500 Phase Moise Measurement Subsystem

File  Edit EiewMeasule Analyze  Swstem Help

D@né imitLines |—|—IX£|QIEI| |

Security Level .. Ily- 1.0275Hz . +19 dBr ont, VOO, DSS
HPESN S
13’;/\1\‘(\:'L EFT Seament (I E
e Swept Seme - Type and Fiange | Sew 3 BtoelcBiaaam | Test Set | Downconverter | Graph |

teazurement Type

1 i~ Offzet Frequency Range
-100
-110F Start Offset |1D Hz Stop Offzet I]DDE+5 Hz
-120F
BELS
-140F FFT &nalyzer Mini Mumber of & |4
T nalyzer Minimum Mumber of Averages
-160 :
170 -1 — FFT Qualit Define Custom Segment Table
-180
Al & Marmal " Fast " High Resolution ¢ Cugtam FFT
1 100
: — Swept Cluality
Edit the curent measurement param
" Momal £+ Fast " High Resolution € Custom Swept |

Figure 183 Select measurement type
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6 Choose the Sources tab from the Define Measurement window.

a Enter the carrier (center) frequency of your DUT (5 MHz to
1.6 Gaze). Enter the same frequency for the detector input frequency.
See Figure 184.

E5500

Type and Range  Source I Cal I Block Diaglaml TestSetI Downconverterl Graph I

Abzolute PWW

.027E +9 Fower |19 dBrm
Carrier Source Output iz cerifes to: (% TestSet " Dpwhconverter

— Detectar Input

Frequency I‘I 02VE+S Hz

|

Figure 184 Enter frequencies in source tab

7 Choose the Cal tab from the Define Measurement window.

a Select Derive constant from double-sided spur as the calibration
method.

b Feed the output from a modulated calibration source into a spectrum
analyzer and measure the 1st modulation sideband frequency and power
relative to the carrier’s frequency and power. Enter the parameters in
the following step.

¢ Set the Know Spur Parameters Offset Frequency and Amplitude for
the spur you plan to use for calibration purposes.This calibration
method requires that you enter the offset and amplitude for a known
spur. See Figure 185 on page 257.
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82.25E-9

Figure 185 Enter parameters into the call tab

8 Choose the Block Diagram tab from the Define Measurement window.
a From the Reference Source pull-down, select Manual.

b From the Phase Detector pull-down, select Automatic Detector
Selection. See Figure 186 on page 257.

Figure 186 Select parameters in the block diagram tab
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258

9 Choose the Graph tab from the Define Measurement window.

10 Enter a graph description of your choice. See Figure 187.

E5500 B
Type and Hangel Sourcel Cal I Block Diagraml TestSetI Dawnconvertsr - Graph |

Abzolute phaze noize [uzing an Fi discriminator]

Title [FM Disciim - 50 s dy - 1.027GHz . +13 dw,ass =l

Graph Type gie-sideband phase noise  [dBoc/Hz) j
—# Scal
Miniraurn |1U Hz  Maximum |1 O0E+E Hz Scale Graph To Data |
— Scale for Single Sideband Phase Moi
b airnurm |1U dBc / Hz
Mirirmurn  |-190 dBc / Hz
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Figure 187 Select Graph Description on Graph Tab

11 When you have completed these operations, click the Close button.

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 measurement

10

From the View menu, choose Meter to select the quadrature meter. See

Figure 188.

ES500 Phase Hoise Measurement Subsystem
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3 dBim out
1958 163049~ 103158

Shows or hide the meter

e5505a_user_select_meter_view_menu2
25 Jun 04 rev2

E5500 Phase Noise Measurement Subsystem
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10014
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Figure 188 Select meter from view menu

12 From the Measurement menu, choose New Measurement. See Figure 189.

File Edit Wiew Define | Measure Analyze

Dis(dl s|ny

il ESS00

Externally loaded file - Agilent E5500 Phase Noise Measurement Subsystem

i nent
Repeat Measurement:
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Real-Time Monitor

=1oj x|
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o - Pause at Connect Diagram

o
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Figure 189 Selecting New Measurement
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13 When the Do you want to perform a New Calibration and Measurement?

prompt appears, click Yes.

Agilent E5500

Figure 190 Confirm new measurement

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

Figure 191.

E5500 Instrument Connections

ey Connections
Dec 17,1337 14:52:45
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Figure 191 Setup diagram for the FM discrimination measurement example
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The test set’s signal input is subject to the limits and characteristics contained in

Table 41.

To prevent damage to the test set’s hardware components, do not apply the input
signal to the test set’s signal input connector until the input attenuator (Option
001) has been set by the phase noise software, which occurs at the connection

diagram.

Table 41 Test Set Signal Input Limits and Characteristics

Limits

Frequency

Maximum Signal Input Power

At Attenuator Output, Operating Level Range:

* RF Phase Detectors

* Microwave Phase Detectors

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

Sum of the reference and signal input power
shall not exceed +23 dBm (+30 with Option
001)

0 to +23 dBm (Signal Input)
+15 to +23 dBm (Reference Input)

0 to +5 dBm (Signal Input)
+7 to +10 dBm (Reference Input)

* Internal AM Detector 0 to +20 dBm
Downconverters:

* Agilent N5502A/70422A +5 to +15 dBm
* Agilent N5507A/70427A 0 to +30 dBm
Characteristics

Input Impedance 50 Q nominal

AM Noise

DC coupled to 50 € load

Refer to Figure 192 on page 262 for more information about system

interconnections:.
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Phase
Power shifter
splitter

Calibration
source | E—
1 |
DUT - J Delay line

LML =
To test set rear panel Test set
CHIRP input =
Pt ol e
O
Digitizer r OW' O

output =

O
PC

J

T Digitizer

Inpu Spectrum analyzer
T : i .
7 N GPIB E
QD [e]eNeXe] o@ oo

)

o000

Display

e5505a_user_connect_diag_ex
25 Jun 04 rev 3

Figure 192 Connect diagram example

Making the measurement

1 Press the Continue button when you are ready to make the measurement.

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.
Refer to Figure 193 on page 263 through Figure 197 on page 264.

Note that the system must be operating in quadrature during calibration.
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2 Establish quadrature by adjusting the phase shifter until the meter
indicates O volts, then press Continue.

ES500 Measurement Pause Point HE

0

Establish quadrature manually.
Apr14,1998 2001 6:23

Hetny | Abort | Local |

Figure 193 Calibration measurement (1 of 5)
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e5505a_user cal_measure2 L
25 Jun 04 rev 2 IBRATIMNG 4

Figure 194 Calibration measurement (2 of 5)
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3 Apply modulation to the carrier signal, then press Continue.

E5S500 Measurement Pause Point HE

N

Apply modulation to carrier zignal
Apr1d, 1938 201712

i Lonbinue  : | Abart | Local |

Figure 195 Calibration measurement (3 of 5)

4 Remove the modulation from the carrier and connect your DUT.

E5500 Measurement Pause Point HE

A

Remove modulation from carrier signal and connect the DUT.
Aprl1d,1338 20:19:26

i LConbnue Bty I Abart | Local |

Figure 196 Calibration measurement (4 of b)

b The system can now run the measurement. At the appropriate point,
re-establish quadrature and continue the measurement.

ERGO0 Meazurement Pauze Point

4o

E stablizh quadrature manually.
Apr15, 1998 15:15:18

et | Abort I Local |

Figure 197 Calibration measurement (5 of 5)

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.
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When the measurement is complete

When the measurement is complete, refer to Chapter 14, “Evaluating Your

10

Measurement Results for 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.

Figure 198 shows a typical absolute measurement using FM discrimination.
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s R
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Figure 198 Typical phase noise curve using double-sided spur calibration

Agilent E5505A User’s Guide

265



10 FM Discriminator Measurement Examples

Table 42 Parameter data for the double-sided spur calibration example

Step Parameters

Data

1 Type and Range Tab
Measurement Type

 Start Frequency

* Stop Frequency

* Minimum Number of Averages
FFT Quality

Swept Quality

2 Sources Tab
Carrier Source
* Frequency
* Power

* Carrier Source is Connected to:

Detector Input
* Frequency

3 Cal Tab
FM Discriminator Constant
* Current Phase Detector
Constant
Know Spur Parameters
* Offset Frequency
* Amplitude
Calibration Source
* Frequency
* Power

4 Block Diagram Tab
 Carrier Source
* Phase Shifter
* DUT in Path
* Phase Detector
* Adjust the Quadrature by
adjusting the

5 Test Set Tab

* Absolute Phase Noise (using an FM
Discriminator)

* 10Hz

* 100E+6Hz

c 4

* Normal

* Fast

* 1.027E+9Hz
* 19dBm
* Test Set

* 1.027E+9Hz

* Derive Constant from Double-Sided Spur
* 82.25E9

* 20E3
* -12dBc

* 1.027E+9Hz
* 16 dBm

* Manual
* Manual
* checked
* Automatic Detector Selection

* phase shifter

The test set parameters do not apply to this
measurement example.
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Table 42 Parameter data for the double-sided spur calibration example (continued)

Step

Parameters

Data

6

Downconverter Tab

Graph Tab

* Title

* 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

The downconverter parameters do not apply to this
measurement example.

* FM Discrim — 50 ns dly — 1.027GHz, +19 dBm out,
VCO0,DSS

* Single-sideband Noise (dBc/Hz)

* 10Hz

* 100 E+6Hz

* 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

To prevent damage to the test set’s components, do not apply the input signal to
the signal input connector until the input attenuator (N5500A Option 001) has been
correctly set for the desired configuration, as show in Table 44 on page 277. Apply
the input signal when the connection diagram appears.

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.

Required equipment

Table 43 shows equipment is required for this example in addition the phase
noise test system and your DUT.

To ensure accurate measurements allow the DUT and measurement equipment to warm
up at least 30 minutes before making the noise measurement.

Table 43 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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Determining the discriminator (delay line) length

Perform the following steps to determine the minimum delay line length (7)
Possible to provide an adequate noise to measure the source.

1 Determine the delay necessary to provide a discriminator noise floor that is
below the expected noise level of the DUT. Figure 199 shows the noise floor
of the discriminator for given delay times (7).

2 Determine the length of coax required to provide the necessary delay (t).
(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 ICBM. 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 test set Signal and Reference inputs requires +15
ICBM.

-100
-120
-140
-160

180 | | | | | | | | |
01 1 1 10 100 1K 10K 100K 1M  10M 100!

L(f)=—[dBc/Hz] vs. f[Hz]

E5505a_disc_noise_floor
01 Mar 04 rev 1

Figure 199 Discriminator noise floor as a function of delay time

Defining the measurement

1 From the File menu, choose Open.
2 If necessary, choose the drive or directory where the file you want is stored.

3 In the File Name box, choose “vco_r&d.pnm.” See Figure 200.
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270

Open
Lookjn: |3 ES500

= &l o

fm_disci2 | RFSpnith_DOFM
&) FreeRF |8 StablerF
|9 HF 5662 63 _EFC |#] voo_dss
| 5] MeasFile oy
&) MicroSRC
E Fesidual_xdut_rfdet
4] [+]

File narne: |vco_r&d Open I
Files of type: I EBR00 Measurement Files [ phim) j Caricel |

Figure 200 Select the parameters definition file

4 Click the Open button.

The appropriate measurement definition parameters for this example
have been pre-stored in this file. Table 45 on page 282 lists the
parameter data that has been entered for the FM discriminator

measurement example.

5 From the Define menu, choose Measurement; then choose the Type and
Range tab from the Define Measurement window.

6 From the Measurement Type pull-down, select Absolute Phase Noise
(using an FM discriminator). See Figure 201.

@ yeo_dss - ES500 Phase Moise Measurement Subspstem
File  Edit iew Measure  Analpze  Swstem Help

e o easurement... i
— ye | | B N?l
O == & ikt Lines | x | | E |
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HPERSM
e EFT Segment Eaatll

Swept Segme  Type and Range | soy

tdeasurement Type (2

i Olffset Frequency Rangs

Start Offzet |1U Hz

Stop Offzet |1UUE+B Hz
FFT Analyzer Minimum Number of Averages |4

-~ FFT Qualit Diefing Custarn Seament Table
& MNomal ¢ Fast € HighPResolwion ¢ Custom FFT
= — Swept Quality
Edit the curent measurement param
© Momal @ Fast ¢ HighFesolution ¢ Custom Swept |

5505a_user select_meas_type_absolute
25Jun 04 rev2

|

Figure 201 Select measurement type
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7 Choose the Sources tab from the Define Measurement window.

a Enter the carrier (center) frequency of your DUT (5 MHz to 1.6 GHz).
Enter the same frequency for the detector input frequency. See

Figure 202.
E5500
Type and Range  Source | Cal I Elock Diagram I Test Set I Downcoreyerter I Graph I
Abszolute wa
Frequency | [NER =S Pawer I‘IS dBri
Carrier Source Output is cetine t O Test Set " DowFcaryerer

— Detectar [nput

Frequency |1 [27E+9 Hz

|

Figure 202 Enter frequencies in Source tab

8 Choose the Cal tab from the Define Measurement window.

9 Select Derive constant from FM rate and deviation as the calibration
method.

10 Set the FM Rate to 20 kHz and FM Deviation to 10 kHz, which are the
recommended FM rate and deviation. See Figure 203 on page 272.

Agilent E5505A User’s Guide 2N



10 FM Discriminator Measurement Examples

82.72E-3

Figure 203 Enter parameters into the Cal tab

11 Choose the Block Diagram tab from the Define Measurement window. See
Figure 204 on page 273.

a From the Reference Source pull-down, select Manual.

b From the Phase Detector pull-down, select Automatic Detector
Selection.

272 Agilent E5505A User's Guide



FM Discriminator Measurement Examples 10

Figure 204 Enter parameters in the Block Diagram tab

12 Choose the Graph tab from the Define Measurement window.

13 Enter a graph description of your choice. See Figure 205 on page 273.

FM Discrim - 50 ns diy - 1.027GHz . 419 cBmout VCPLDSS 7]
ingie-zidetand phaze naoize  [dBe/Hz) |—

100E+E

Figure 205 Select graph description on Graph tab

14 When you have completed these operations, click the Close button.
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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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1 From the View menu, choose Meter to select the quadrature meter. See
Figure 206.
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Figure 206 Select meter from the View menu

2 From the Measurement menu, choose New Measurement. See Figure 207.

File Edit Wiew Define | Measure Analyze System  Help

Oc|E| &1

o Lt ESS00

Repeat Measurement
Ahort Measurement:
FReeal-Time Manitor
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10
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Figure 207 Selecting New Measurement
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3 When the Do you want to perform a New Calibration and Measurement?
prompt appears, click Yes.

Agilent E5500

Figure 208 Confirm new measurement

4 When the Connect Diagram dialog box appears, click on the hardware

pull-down arrow and select your hardware configuration from the list. See
Figure 209.

E5500 Instrument Connections

Yernfy Connections
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DUT
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Figure 209 Setup diagram for the FM Discrimination measurement example
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The test set’s signal input is subject to the limits and characteristics contained in

Table 44 on page 277.

To prevent damage to the test set’s hardware components, do not apply the input
signal to the test set’s signal input connector until the input attenuator (Option
001) has been set by the phase noise software, which occurs at the connection

diagram.

Table 44 Test set signal input limits and characteristics

Limits

Frequency

Maximum Signal Input Power

At Attenuator Output, Operating Level Range:

* RF Phase Detectors

* Microwave Phase Detectors

* Internal AM Detector
Downconverters:

* Agilent N5502A/70422A
* Agilent N5507A/70427A

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

Sum of the reference and signal input power
shall not exceed +23 dBm

0 to +23 dBm (Signal Input)
+15 to +23 dBm (Reference Input)

0 to +5 dBm (Signal Input)
+7 to +10 dBm (Reference Input)

0 to +20 dBm

0 to +30 dBm
+5 to +15 dBm

Characteristics
Input Impedance

AM Noise

50 Q nominal

DC coupled to 50 Q load

Refer to Figure 210 on page 278 for more information about system

interconnections.
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Phase
Power shifter
splitter

Calibration
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e5505a_user_connect_diag_ex
25Jun 04 rev3

Figure 210 System connect diagram example

Making the measurement

1 Press the Continue button when you are ready to make the measurement.

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. Refer to Figure 211 on page 279 through Figure 215 on page 280.

Note that the system must be operating in quadrature during calibration.

278

Agilent E5505A User’s Guide



FM Discriminator Measurement Examples 10

2 Establish quadrature by adjusting the phase shifter until the meter
indicates O volts, then press Continue.

ES500 Measurement Pause Point HE

0

Establish quadrature manually.
Apr14,1998 2001 6:23

Hetny | Abort | Local |

Figure 211 Calibration measurement (1 of 5)
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Figure 212 Calibration measurement (2 of 5)

3 Apply modulation to the carrier signal then press Continue.
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E5S500 Measurement Pause Point HE

4

Apply modulation to carrier zignal
Apr1d, 1938 201712

| Abort | Local |

Figure 213 Calibration measurement (3 of 5)

4 Remove the modulation from the carrier and connect your DUT.

ES500 Measurement Pause Point 2] |

(N

Femove modulation from carrier sighal and connect the DUT.
Apr14, 19398 20:19:.26

et | Abort | Local |

Figure 214 Calibration measurement (4 of 5)

b The system can now run the measurement. At the appropriate point,
re-establish quadrature and continue the measurement.

ES500 Measurement Pause Point H

A

E stablish quadrature manually.
Apr15, 139815:15:18

Bty | Abort I Local |

Figure 215 Calibration measurement (5 of b)

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

When the measurement is complete, refer to Chapter 14, “Evaluating Your
Measurement Results for 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.
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Figure 216 on page 281 shows a typical absolute measurement using FM
discrimination.

!;'-'_'i voo_rkd - ES500 Phase Noise Measurement Subsystem

File Edit “iew Define Measwe analyze System Help

0|=|H| 8|0 £ ElF|s| x|E| =@l o] o | X
FI Discrim - 50 ns dly - 1.027GHz, +19 dBm out, VCO,R&ED
lop— E Cor LOWERH 16400 103345 10631

100 1K 10K 100K 1M 108

LP [dBc/Hz] vs £ [He]
For Help, press F1 |LOCAL [IDLE S

Figure 216 Typical phase noise curve using rate and deviation calibration

Table 45 on page 282 contains the data stored in the parameter definition file.
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Table 45 Parameter data for the rate and deviation calibration example

Step Parameters

Data

1

Type and Range Tab
Measurement Type

 Start Frequency

» Stop Frequency

* Minimum Number of Averages
FFT Quality

Swept Quality

Sources Tab
Carrier Source
* Frequency
* Power

» Carrier Source is Connected to:

Detector Input
* Frequency

Cal Tab

FM Discriminator Constant

* Current Phase Detector
Constant

Know Spur Parameters

* Offset Frequency

* Amplitude

Calibration Source

* Frequency

* Power

Frequency Modulation

* FM Rate

* FM Deviation

Block Diagram Tab

* Carrier Source

* Phase Shifter

* DUT in Path

* Phase Detector

* Adjust the Quadrature by
adjusting the

Test Set Tab

Downconverter Tab

* Absolute Phase Noise (using an FM Discriminator)
* 10Hz

* 100E+6Hz

c 4

* Normal

* Fast

* 1.027E+9Hz
* 19dBm
* Test Set

* 1.027E+9Hz

* Derive Constant from FM rate and deviation
* 82.25E-9

* 1E3
* -6dBc

* 1.027E+9Hz
* 16 dBm

* 20E+3 Hz
* 10E+3Hz

* Manual

* Manual

* checked

* Automatic Detector Selection
* phase shifter

The test set parameters do not apply to this
measurement example.

The downconverter parameters do not apply to this
measurement example.

282
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Table 45 Parameter data for the rate and deviation calibration example (continued)

Step Parameters Data
7 * Graph Tab
* Title * FM Discrim — 50 ns dly — 1.027GHz, +19 ICBM out,
* Graph Type VCO,R&D
* X Scale Minimum * Single-sideband Noise (dBc/Hz)
* X Scale Maximum * 10Hz
* Y Scale Minimum * 100 E+6Hz
* Y Scale Maximum * 10 dBc/Hz
* Normalize trace data to a: * -190 dBc/Hz
* Scale trace data to a new * 1 Hz bandwidth
carrier frequency of:
 Shift trace data DOWN by: * 1 times the current carrier frequency
* Trace Smoothing Amount * 0dB
* Power present at input of DUT = 0
* 0dB
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AM-Noise Measurement Theory of Operation

286

Basic noise measurement

The E5500A phase noise measurement software uses the following process to
measure carrier noise by:

e Calibrating the noise detector sensitivity.
¢ Measuring the recovered baseband noise out of the detector.

e 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.

Phase noise measurement

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.

* In the 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.

e In the 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

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.

AM noise measurement block diagrams

Test set

DUT

Figure 217 AM noise system with N5500A opt 001

Test set

DUT AM detector
Noise

®_> > input I

l |

Figure 218 AM noise system with external detector
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Test set

DUT AM detector Option K21
Noise I

®_> ’ ;l: input |

Figure 219 AM Noise system with 70429A Opt K21 AM detector

Microwave
downconverter Test set

—_—— R i
| | | |
| | |

puT | Signal AM noise |
", input output | Noise |
77 | 77 input |
| 0 o ___

Figure 220 AM noise system with N5507A downconverter

AM detector

511

E5505a_am_detector_schemo
01 Mar 04 rev 1

| K21 |

| polarity |

| switch |

ode |/ \ | AN

RF —p| Diode detector
input detector | | | output

| |

| |

| N |

N
[
o

NS
m_;’V
<5

—

o

5

Figure 221 AM detector schematic
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AM detector specifications
Detector type low barrier Schottky diode
Carrier frequency range 10 MHz to 26.5 GHz
Maximum input power +23 dBm
Minimum input power 0 dBm

Output bandwidth 1 Hz to 40 MHz

AM detector considerations

The 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 70429A Option K21 is designed
specifically for this purpose or the internal DC blocking filter in either the N5500A
or N5507A may be used.

e The AM detector consists of an Agilent 33330C Low-Barrier Schottky Diode
Detector and an AM detector filter (Agilent 70429A K21).

* The detector, for example, is an 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.

e The AM detector output blocking capacitor in the 70429A Option K21,
N5500A Option 001, or N5507A 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.

e 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. Table 46 shows carrier frequencies with corresponding
offset frequencies.

Table 46 Maximum carrier offset frequency

Carrier Frequency Offset Frequency
>250 kHz 100 MHz

>50 MHz 20 MHz

>5 MHz 2 MHz

>500 kHz 200 kHz
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Table 46 Maximum carrier offset frequency

Carrier Frequency

>50 kHz

Offset Frequency
20 kHz

e The AC load on the detector is 50 Q, 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.
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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 N5500A Option 001 and N5507A, along with the 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 the T 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.

e 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.

¢ It 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.

¢ It 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.

e 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

292

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

It is the least accurate of the calibration methods.

It does not take into account the amount of power at harmonics of the
signal.

Procedure

1

DUT AM detector

Using information shown in Figure 222 and Figure 223 on page 293,
Connect the circuit and tighten all connections. If the N5500A Option 001
or N5507A is available, use one of the connection diagrams described in
Figure 217 on page 287.

Test set

Noise
O~ =

Figure 222 Phase detector constant AM noise setup (method1, example 1)

2

Measure the power which will be applied to the AM detector (see Figure 223
on page 293). It must be between 0 and +23 dBm.
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Power meter
or spectrum
DUT analyzer

O—{]

Figure 223 AM noise calibration setup

3 Locate the drive level on the AM sensitivity graph (Figure 224), 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.

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

P SN I S R EE I L +23

.25 —— e —————— | — —— -~ + 20

.20 /

, dm | == o= == =} +15

AN

.10
.09

.08
.07

.06

e e e (e e e e | — - o o — — ] — ] +10

.05

Detector Input Power (dBm)

.04

.08

Approximate Equivalent Phase Detector Constant (V/rad)
(Detector Constant)

.02 0
A 15 2 3 4 5 6 .8 1.0 1.5 2.0

e5505a_user_AM_cal.ai

rev2 10/24/03 Diode Detector Voltage (Vdc)

Figure 224 AM detector sensitivity graph
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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

DUT AM detector

O— |-

Using Figure 225 and Figure 226, connect circuit and tighten all
connections. If the N5500A Option 001 or N5507A is available, use one of
the connection diagrams described in “AM noise measurement block
diagrams" on page 287.

Measure the power which will be applied to the AM detector. It must be
between 0 and +23 dBm.

Figure 225 Phase detector constant AM noise setup (method 1, example 2)

294
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Test set

DUT AM detector
Noise

( :) > ;f input :

Diode voltage
monitor output £ 2

DVM or
oscilloscope

E5505a_mod_sideband_cal
02 Mar 04 rev 1

Figure 226 Modulation sideband calibration setup

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 graph (Figure 224). 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.

4 Measure noise data and interpret the results.

The quadrature meter should be at zero volts due to the blocking capacitor at the AM
detector’s output.
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Method 2: Double-Sided Spur

296

Method 2, example 1

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

DUT

O— |-

Connect circuit as shown in Figure 227, and tighten all connections. If the
N5500A Option 001 or N5507A is available, use one of the connection
diagrams described in “AM noise measurement block diagrams" on

page 287.

Test set

AM detector

Figure 227 Double-Sided spur AM noise setup (method 2, 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 (Figure 228 on

page 297). 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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The carrier-to-sideband ratio C for AM is:

sb

Cc _ (gercentAM) B
e 20log 100 = 6dt

Modulation

analyzer
Source y

E5505a_meas_car_side_ratio
02 Mar 04 rev 1

Figure 228 Measuring the carrier-to-sideband ratio

4 Reconnect the AM detector and enter the carrier-to-sideband ratio and
modulation frequency.

b Measure the AM detector calibration constant (Figure 229).

Test set

DUT with AM  AM detector :
I

3 Noise |
[ input |
E5505a_meas_cal_constant
02 Mar 04 rev 1 %

Figure 229 Measuring the calibration constant

6 Turn off AM.

7 Measure noise data and interpret the results.

The quadrature meter should be at zero volts due to the blocking capacitor at the AM
detector’s output.
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298

Method 2, example 2

Advantages

¢ Will measure source without modulation capability

e (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 in Figure 230, and tighten all connections. If the
N5500A Option 001 or N5507A is available, use one of the connection
diagrams described in “AM noise measurement block diagrams" on
page 287.

|
DUT AM detector : i
| .
Noise
®—> Hf input :

Figure 230 Double-sided spur AM noise setup (method 2, example 2)

2 Measure the power which will be applied to the AM detector (Figure 231). It
must be between 0 and +23 dBm.

DUT
Power meter
®—> or RF spectrum
analyzer

Figure 231 Measuring power at the am detector

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
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between -30 and —60 dB below the carrier with a modulation rate between
10 Hz and 20 MHz.

The carrier-to-sideband ratio C for AM is:
sb

- 20|og(percle+A'\") - 6dt

oI

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. See
Figure 232.

Modulation

analyzer
Source y

E5505a_meas_car_side_ratio
02 Mar 04 rev 1

Figure 232 Measuring carrier-to-sideband ratio

4 Enter the carrier-to-sideband ratio and offset frequency, then measure the
calibration constant. See Figure 233.

Test set

DUT with AM  AM detector

3 Noise |
l input I
E5505a_meas_cal_constant | | ‘ |
02 Mar 04 rev 1

Figure 233 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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NOTE The quadrature meter should be at zero volts due to the blocking capacitor at the AM
detector’s output.
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Method 3: Single-Sided Spur

Advantages

* Will measure source without modulation capability.

e (alibration 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 in Figure 234, and tighten all connections. If the
N5500A Option 001 or N5507A is available, use one of the connection
diagrams described in “AM noise measurement block diagrams" on
page 287.

Test set

OD—= [t

|

I

at:r(lguda?or lbﬁ | i
P | Lo i

50Q

E5505a_am_noise_meas_single
02 Mar 04 rev 1

Figure 234 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.

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. See Figure 235 on
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302

page 302. The spur should be adjusted such that it is between -30 and -60
dBc, with a carrier offset of 10 Hz to 20 MHz.

DUT -20 dB coupler

RF spectrum
analyzer

>l >

-10 dB |
atten | ‘ '
Calibration
E5505a_meas_relative_spur

source 02 Mar 04 rev 1

Figure 235 Measuring relative spur level

4 Reconnect the AM detector and measure the detector sensitivity. See

Figure 236.

Test set
-20 dB AM detector =~ 71
buT coupler |

( ) r—— Noise

|

 10dB AI | |
Calibration attenuator | I
source b

[ ) %’ E5505a_meas_detector_sen

02 Mar 04 rev 1

Figure 236 Measuring detector sensitivity

5 Turn off the spur source output.

6 Measure noise data and interpret the results.

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 with N5500A Option 001

This example demonstrates the AM noise measurement of an 8662A signal
generator using the AM detector in the N5500A Option 001 phase noise test
set. For more information about various calibration techniques, refer to
Chapter 11, “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 test set’'s components, do not apply the signal input
connector until the input attenuator has been correctly set for the desired

configuration, as show in Table 47 on page 311. Apply the input signal when the
connection diagram appears

Required equipment

This measurement requires an 8644B in addition to the phase noise test
system and your DUT. You also need the coaxial cables and adapters necessary
to connect the DUT and reference source to the test set.

To ensure accurate measurements allow the DUT and measurement equipment to warm
up at least 30 minutes before making the noise measurement.

Figure 237 shows the configuration used for an AM noise measurement.

Test set

I
DUT I
(\j N Signal |
/l/ input |

Figure 237 AM noise measurement configuration

Defining the measurement

1 From the File menu, choose Open.

2 If necessary, choose the drive or directory where the file you want is stored.
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3 In the File Name box, choose “AM_noise_1ghz_8644b.pnm.” See

Figure 238.
Open | 2] x|
Lockjn  |<3  E5500 ~] ok [z =
Ddbper1 8] BBnoise_without_testset_E1430 @] T
Odbperhz @ EBnoize_without_testzet_ PCDig @ fr
&0_noize 1ghz BR4db B cont_S644b_10mhz B i
Ahnoise_001_int_cal |#] cont_2863a_10mhz #F
BBroize_with_testzet @ Conf_SigGen_10mMHz @ &
EBnoize_without_testzet_39410 @ Confidence @ Fe
. 1 i

File name: I.&M_noisej ghz_3E44b Open I
Files of bype; I E5500 Measurement Files [*.prim) j Cancel |

Figure 238 Select the parameters definition file

4 Click the Open button.

The appropriate measurement definition parameters for this example
have been pre-stored in this file. Table 48 on page 313 lists the
parameter data that has been entered for this measurement example.

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.

5 From the Define menu, choose Measurement; then choose the Type and
Range tab from the Define Measurement window.

6 From the Measurement Type pull-down, select AM Noise. See Figure 239 on
page 306
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@ AM_noise_1gh:

Fil=  Edit “iew MK Measure  Analyze  Sestemn Help

E5500 Phase Moise Measurement Subsystem

!IEI!!!

M ent...
Limit Lines...

Security Level...

EFT Segment E5500

Swept Segmel Type and Range

teasurement Tupe [ZY¥IN)

| xIEl ] of =l =1 % |

IAbsolute Phase Noise Measuremnent

ek Diggram | Test Satl Downconvertarl Graph I

Vpe to Measurement Type

— Offset Frequency Fang

Start Offeet |1 o Hz

FFT Analzer Minimum Mumber of Averages (10

Stop Offzet |100E+E Hz

— FFT Quali Diefine Custom Segment T able
& Mormal i Fast " High Resolution ¢ Custam FFT |

— Swept Quali
i Mormal % Fast " High Resolution ¢ Custom Swept |

Edit the curnent measurement parame

e5505a_user_nav_AM_noise
27 Jun 04 rev 3

o= ] |

Figure 239 Navigate to AM noise

7 Choose the Sources tab from the Define Measurement window.

8 Enter the carrier (center) frequency of your DUT. Enter the same frequency
for the detector input frequency. See Figure 240 on page 306.

HF ES500 B
Type and Range Source | Cal I Block. Diagraml Test Satl anncnnvenerl Graph I
A Noise
Carrier Soure:

Frequency |1 E+3 dBm

Hz) Power I'IU
Carrier Source Dulput j=etinnected to: & Test Set

/@; Input
9

" Downcornverter

Frequency I'I E+3

Close

Figure 240 Enter Frequencies in Source Tab

Help |

9 Choose the Cal tab from the Define Measurement window.
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10 Select Use automatic internal self-calibration as the calibration method.
See Figure 241. For more information about various calibration techniques,

refer to Chapter 11, “AM Noise Measurement Fundamentals.

ES500
Type and Hangel Souce  Cal | Block Diagraml TeslSelI Duwncunverlerl Graph I
A Noise
~ Detecto Erit
& ise ntemal automatic self-calibratiort
urrent detector constant
" Derive detector constant from double - sided spur
" Derive detector constant from gingle - sided spur
Current Phase Detector Constant  |60.07E-3 Yoltis / Rad
~ Known Spur P.
Offset Frequency |0 Hz Amplitude  [o dBic
[ Calioration SEuTe:
ot [rere) 5 Hleqercy) [BO0ESE. || He Fower 100 | cBin
Azzet Manager

Figure 241 Enter parameters into the cal tab

11 Choose the Block Diagram tab from the Define Measurement window.

12 From the Phase Detector pull-down, select AM Detector. See Figure 242.

E5500 (<]
Type and Hangel Suulcel Cal Block Diagram I Test Sstl Duwncunvellell Graph |
A Noise

Source: A Detector
’V I[manua\] j ITeslSstAM Detector _)

@ MNome  Manoal O System Contral

Diowan Carverter
’7 [hane]

Azzet blanager

Close |

Help

Figure 242 Select parameters in the block diagram tab

13 Choose the Graph tab from the Define Measurement window.

14 Enter a graph description of your choice. See Figure 243.
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E5500 [x]

Type and Hangel Snurcel Cal I Block D\agraml TestSatI Downconwerter  Graph |

&M noise

Title IAM nioize measurement of an RF signal ) j

Graph Type i T/HZ j

# Seal
’7Minimum |1D Hz  Makimum ITDUE+E Hz Scale Graph To Data |
' Scale for Ak Noize

[EERI IU dBc / Hz
Iinimum — |-180 dBc /Hz
Nommalize frace data to a |1 Hz bandwidth
Scale race data to a new carrier frequency of |1 times the current carier frequency.
ID

di

Shift trace data by

Trace Smoathing Amoint II] 3:
IU dBm

Pawer present at input of DUT

Dizplay Erefarancesl

|
Figure 243 Select graph description on graph tab

15 When you have completed these operations, click the Close button.

Beginning the measurement

1 From the Measurement menu, choose New Measurement See Figure 244.

{3 Externally loaded file - Agilent E5500 Phase Noise Measurement Subsystem:
File Edit Wiew Define | Measure Analyze System  Help

0 M surement 7 |
ﬂ Bepeat Measurement g gl EI EI
Abort Measurement: Phase Mowse Measurement

i Agilent ESS00 Real-Time Monitar

v Don't Automatically Clear Graph,  f----------- eememmnenaaa A .

-- v Pause at Connect Disgram

10 i}

1K 10K
Lif) [dBc/Hz] ws f [ Hz]
Perform a new cal and measurement LOCAL IDLE A

Figure 244 Selecting a new measurement

2 When the Do you want to perform a New Calibration and Measurement?
prompt appears, click Yes.
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Agilent E5500

Figure 245 Confirm measurement dialog box

3 When the Connect Diagram dialog box appears, click on the hardware
drop-down arrow and select your hardware configuration from the list. See
Figure 246 on page 309.

E5500 Instrument Connections

Werify Connections
Dec 17,1937 17:.05:06

DUT

TUNE

g o oo o)

ool o
G Of e O

hardiare:

e o

- Control Panel

EFT Analyzer Swept Analyzer | Test Set | Elnre sz = | Efiase Shiifter |

[Eamien Sauee | EeferenceSourcel Fresua] Sairee | Cahl_:ratinnSDurcel Freguancytountarl

i~ Tuning Yoltag:

1] 3: - |10 -
Center Wolks  Range + Wilts ’WI Abort | Ll |

Figure 246 Connect diagram for the AM noise measurement

4 Connect your DUT and reference sources to the test set at this time.
Confirm your connections as shown in the connect diagram.

e The input attenuator (Option 001 only) is now correctly configured based
on your measurement definition.
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12 AM Noise Measurement Examples

The test set’s signal input is subject to the limits and characteristics in Table 47 on
page 311.

To prevent damage to the test set’s hardware components, do not apply the input
signal 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 when the
connection diagram appears.
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Table 47 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: * 0to +23 dBm (Signal Input)
* RF Phase Detectors * +15to +23 dBm (Reference Input)

* Microwave Phase Detectors * 0to +5 dBm (Signal Input)
* +7to +10 dBm (Reference Input)

* Internal AM Detector 0 to +20 dBm
Downconverters:

* Agilent N5502A/70422A +5 to +15 dBm

* Agilent N5507A/70427A 0 to +30 dBm
Characteristics

Input Impedance 50 Q nominal

AM Noise DC coupled to 50 © load

Figure 247 shows the system interconnections.

DUT
Test set
To test set rear panel Opt. 001 Downconverter
CHIRP input i :
— copo

Digitizer el ks /
output = -
Y -

PC

O Digiti
AT it |
Spectrum analyzer
AT : - :

ogo g
DOOOooQ oo oo o

—J

Display
e5505a_user_sys_interconnect_dia

27 Jun 04 rev 1

Figure 247 Connect diagram example
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12 AM Noise Measurement Examples

Making the measurement

b5 Press the Continue button when you are ready to make the measurement.

¢ The system is now ready to make the measurement. The measurement
results are updated on the computer screen after each frequency segment
has been measured.

For more information about various calibration techniques, refer to

Chapter 11, “AM Noise Measurement Fundamentals.

When the measurement is complete

When the measurement is complete, refer to Chapter 14, “Evaluating Your
Measurement Results”for help with the results. Figure 248 shows a typical AM
noise curve.

I;Ei AMnoise_001_int_cal - EG500 Phase Noise Measurement Subsystem

File Edit Wiew Define Measure Analpze Sestem  Help

D|e|=| &) Klwlo) &) 4 @l of o) ¥
AM noise measurement of an RF signal
5500 _ Coiex: S00E+6 Ha 28 Dec 1997 133813 - 13:29:12

100 1K 10K 100K 1 10
10 1000
ME[dBe/Hz] ws £ [Hz]
Far Help, press F1 LOCAL IDLE i

Figure 248 Typical AM noise curve
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Table 48 Parameter data for the AM noise using an N5500A Option 001

12

Step Parameters Data
1 Type and Range Tab
* Measurement Type * AM Noise
 Start Frequency * 10Hz
» Stop Frequency * 100E+6Hz
* Averages 4
* FFT Quality * Fast
* Swept Quality * Fast
2 Sources Tab
* Carrier Source Frequency * 600E+6Hz
* Carrier Source Power * 20dBm
* Carrier Source Qutput is
connected to: * Test Set
* Detector Input Frequency * 600E +6 Hz
3 Cal Tab
* Detector Constant * Use internal automatic self-calibration
* Known Spur Parameters * THz
» Offset Frequency * -130 dBc
* Amplitude
4 Block Diagram Tab
* Source * Manual
* AM Detector * Test Set 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
Microwave Phase Detector * 0dBm
RF Phase Detector * 0dBm
AM Detector * 0dBm
* Ignore out-of-lock conditions * Not checked
* Pulsed Carrier * Not checked
* DC Block * Not checked
* Analyzer View * Baseband
* PLL Integrator Attenuation * 0.00dBm
6 Downconverter Tab Does not apply to this measurement example.
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314

Table 48 Parameter data for the AM noise using an N5500A Option 001 (continued)

Step Parameters Data
7 Graph Tab .
 Title * AM Noise Measurement of an RF Signal

* Graph Type

e X Scale Minimum

e 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

* AM Noise (dBc/Hz)
* 10Hz

* 100E +6 Hz

* 0dBc/Hz

* -180 dBc/Hz

* 1 Hz bandwidth

* 1 times the current carrier frequency
* 0dB

0

* 0dB
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13 Baseband Noise Measurement Examples

Baseband Noise with Test Set Measurement Example

This measurement example will help you measure the noise voltage of a
source.

To ensure accurate measurements allow the DUT and measurement equipment to warm
up at least 30 minutes before making the noise measurement.

Defining the measurement

1 From the File menu, select Open.
2 If necessary, choose the drive or directory where the file you want is stored.

3 In the File Name box, choose “BBnoise_with_testset.pnm.” See Figure 249

Open HE
Lockin |3 E5500 RN=NEIE
Odbperhz prm @ conf_SE644b_10mhz prim
AM_noise_1ghz_8644h prim @ conf_8663a_10mhz prim

BENO h_te nm @ Conf_SigGen_10MHZz prim

BBnoize_without_testset_59410 pnm @ Confidence pnm
BBnoise_without_testset E1430 pnm @ Demabdode prm
BBEnoise_without_testset_ PCDig pnm

y | 0
File name: IBBnoise_with_testset. phm DOpen I
Files of type: I EB500 Measurement Files [* prm) j Cancel |

Figure 249 Select the parameters definition file

4 Click the Open button. The appropriate measurement definition
parameters for this example have been pre-stored in this file. (Table 49 on
page 319) lists the parameter data that has been entered for this
measurement example.
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Beginning the measurement

1 From the Measurement menu, choose New Measurement See Figure 250.

ol

(i Externally loaded file - Agilent E5500 Phase Noise Measurement Subsystem
File Edit Yiew Define | Measure Analyze System Help

SRR et o| @ & |
Repeat Measurement
Abort Measurement Phase MNoise Measurement
Al 5500 Real-Time Monitor
Bl v Don't Automatically Clear Graph,

- w Pause at Connect Diagram

o
=3
TTTTTTTTTIT I T TIT T T I T I T T TT

10 i} (I8 100K 1M

1K 1
Lif) [dBc/Hz] ws f [ Hz]
Perform a new cal and measurement LOCAL IDLE A

100

Figure 250 Selecting a new measurement

2 When the Do you want to perform a New Calibration and Measurement?
prompt appears, click Yes.

Agilent E5500

Figure 251 Confirm measurement dialog box

3 When the Connect Diagram dialog box appears, click on the hardware
drop-down arrow and select “N5500A option 001 test set only”
configuration from the list. See Figure 252 on page 318.
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"
Agilent £5500 Instrument Cennections
e e b b & -

Verfy Connections
Jdun 26, 201211:24:33

OUTPUT]
@

0On Confidence Test, a signal source is not used.
Instead. a connector to OUTPUT is terminated by 50 ohm impedance.

Pl [For 2 more accurate drawing the correct lest set and rveter from ths st,_Jod *

Control Panels

FFT Analvzer ‘ Swept Analyzer ‘ Test Set
Turing Yolegs
| et Meter | \
Certer [0 Vol Range +- [10 walts
Continue abot | Local |

Figure 252 Connect diagram dialog box

Making the measurement

1 Press Continue.
Figure 253 shows a typical phase noise curve for a baseband noise
measurement using a test set.

aseband Hoise using a Test Set-  E5500 Phase Hoise Measurement Subsystem [_ (O] %]

File Edit “iew Define Messure Analvze System  Help

Dje|w] S|5) ) lwe| x|E| = o] =] B ®|
Baseband Moise using a Test Set
B : 29 Dac 1997 13:49:39. 13:50:41_

jul) 1K 10K 100E 1M lont
10 Sw(f) [dBV [Hz] vs f [Hz] 100RE
A new measurement has been loaded into the server. |LOCAL /IDLE g

Figure 253 Typical phase noise curve for a baseband using a test set measurement.
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Table 49 lists the parameter data used for this measurement example.

Table 49 Parameter data for the baseband using a test set measurement

13

Step Parameters

Data

1 Type and Range Tab
* Measurement Type
* Start Frequency
* Stop Frequency
* Averages
* Quality

2 Cal Tab
* Gain preceding noise input

3 Block Diagram Tab
* Noise Source

4 Test Set Tab
* Input Attenuation
* LNA Low Pass Filter
* LNA Gain
* DC Block
* PLL Integrator Attenuation

5 Graph Tab
> Title
* Graph Type
* X Scale Minimum
* X Scale Maximum
* Y Scale Minimum
* Y Scale Maximum
* Normalize trace data to
* 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 (using a test set)
10 Hz

100 E + 6 Hz

4

Fast

0dB

Test Set Noise Input

0dB

20 MHz (Auto checked)

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

0 dBm

Baseband using the N5500A test set
Baseband Noise (dBV)

10 Hz

100 E + 6 Hz

0 dBc/Hz

—-200 dBV/Hz

1 Hz bandwidth

1 times the current carrier frequency
0dB

0

0dB
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Baseband Noise without Test Set Measurement Example

This measurement example will help you measure the noise voltage of a

source.

To ensure accurate measurements allow the DUT and measurement equipment to warm
up at least 30 minutes before making the noise measurement.

Defining the measurement

1

From the File menu, choose Open.

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

3 In the File Name box, choose “BBnoise_without_testset_89410.pnm.”

Open

Lackjn: |9 ES500

HE

Ocbpethz prm
A _noize_1ghz_G644b pnm
BEnoise_with_testset prm

ont_g6d4k_1 Dmhz prm
@ cont_9663a_10mhz pnm
@ Cont _sigGen_10MHz prm
& @ Confidence prim
BEBnoise_without_testzst_E1430.pnm @ Demaotdode prm
BEnoise_without_testzet_PCDIgpnm

< L1

I’

File hame: IB Eroize_without_testzet_83470.prm

Files of lype: I ESR00 Measurement Files [+ phm)

Open I
j Cancel

Figure 254 Select the parameters definition file

4 Click the Open button. The appropriate measurement definition
parameters for this example have been pre-stored in this file. Table 50 on
page 323 lists the parameter data in this file.

320
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Beginning the measurement

1 From the Measurement menu, choose New Measurement See Figure 255.

(i Externally loaded file - Agilent ES500 Phase Noise Measurement Subsystem

Eile Edit View Define | Measure Analyze Syskem  Help
L]

EIE=IE) @‘l surement ﬂ ol ®

Bepeat Measurement —

Abort Measurement Phase Moise Measurement

) Agilere 5500 Real-Time Monitar

| S v Don't Automatically Clear Graph.
----- + Pause at Connect Diagram

1 plnj 100K 1M

1 1K 10K
Lify [dBc/Hz] vs f [Hz]
Perform a new cal and measurement: LocaL IDLE &

100T

Figure 255 Selecting a new measurement

2 When the Do you want to perform a New Calibration and Measurement?
prompt appears, click Yes.

Agilent E5500

__?/ Do wau wank o perform a Mew Calibration and Measurement?

Figure 256 Confirm measurement dialog box

3 The Instrument Connection dialog box appears. (See Figure 258 on
page 322.) At this time, connect your DUT and an FFT analyzer with the
system as shown in Figure 257 on page 321.

ouT FFT Analyzer
CHITRUT ,£ IMBUT
o

Figure 257 Connect diagram for baseband without test set measurement
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322

Verify Connestions
Jun 23, 2004 15:21:09

OUTPUT]
@

AP e For a more accurate diawi veerter from this list. R4

FFTangbzst | Gweptindyasr | TestSet | Downconvener | |

‘ ﬂelerence‘iuulca‘ ‘ ‘ Fleguem:yEnumer‘

Turing Voliags
S Meter ‘ |

Center —] Wots Range +- Vaks
Cantinue

Abart ‘ Local |

Figure 258 Instrument connection dialog box

Making the measurement

Contiol Panels l

4 Press the Continue button. (There is no need to select a connection
diagram from the drop-down list. The instrument connections for a
baseband-noise-without-test-set measurement is not represented in the

diagrams.)

Figure 259 on page 322 shows a typical phase noise curve for a baseband

noise measurement without using a test set.

Table 50 on page 323 lists the parameter data for this measurement
example.

(% Baseband Hoise without using a Test Set (§9410) - E5500 Phase Hoise Measuremen... B[] B3

File Edit “iew Define Mesasure Analyze System Help

e EREEEEEEE R EE

Baseband Moise without using a Test Set (30410)
ES5500 29 Dec 1997 14:03:17 - 1403249

100 1K 10K 100K 1 10ML
Svif) [dBV iHz] ws f [Hz]

A hew measurement has been loaded into the server.

1o0nL

LOCAL IDLE i

Figure 259 Typical curve for a baseband without test set measurement.
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Table 50 Parameter data for the baseband without using a test set measurement

13

Step

Parameters

Data

1

Type and Range Tab
* Measurement Type
 Start Frequency
 Stop Frequency

* Averages

* Quality

Cal Tab
* Gain preceding noise input

Block Diagram Tab
* Noise Source

Graph Tab

> Title

* Graph Type

* X Scale Minimum

e 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 (without using a test set)
* 10Hz

* 100E+6Hz

c 4

* Normal

* 0dB

* Test Set Noise Input

* Baseband Noise without using a Test Set
* Baseband (dBV)

* 10Hz

* 1T00E+6Hz

* 0dBc/Hz

* —200 dBV/Hz

* 1 Hz bandwidth

* 1 times the current carrier frequency
* 0dB

0

* 0dB
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14 Evaluating Your Measurement Results

Evaluating the Results

This chapter contains information to help you evaluate and output the results
of your noise measurements. The purpose of the evaluation is to verify that the
noise graph accurately represents the noise characteristics of your DUT. 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.

These steps provide an overview of the evaluation process.
¢ Look for obvious problems on the graph such as discontinuity (breaks).
e Compare the graph against known or expected data.

e If necessary, gather additional data about the noise characteristics of the
DUT.

Looking for obvious problems

Some obvious problems on a graph are as follows:
e Discontinuities or breaks in the graph.

* A higher than expected noise level.

e Spurs that you cannot account for.

* Noise that exceeds the small angle criterion line on a L(f) graph).

Figure 260 provides 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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High small
20 angle noise

High noise
level

-100
-120
-140
-160 | | | | | | |

1 10 100 1K 10K 100K ™ 10M 40M
E5505a_noise_curve_problems L(f) = -[d BC/HZ] VS. f[HZ]

02 Mar 04 rev 1

Breaks

o
o
FrrrrrrrrTr T T

Figure 260 Noise plot showing obvious problems

Comparing against expected data

If none of the problems listed appears 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 DUT.
* 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 device 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.
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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 shown in Figure 261 to determine if the
measurement results need to be decreased to reflect the actual noise level of
the DUT.

3.0
25—
20 —
1.5 —
1.0 —
05—

Increase due to
reference noise (dB)

0 172 3 45 6 7 8 9 1011121314 15
Amount measured level exceeds reference level (dB)

Figure 261 Compensation for added reference source noise

For example, applying to the graph the 7 dB difference in noise levels at
10 kHz, reveals that the measured results should be decreased by about 1 dB at
10 kHz to reflect the actual noise of the DUT. See Figure 262 on page 329.
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0

20 |-

40 -

_60 -

-80 _

= Measured reference 7 dB difference
-100 source noise at 10 kHz
Measurement
-120 results
-140 /
-160
| | |
10 100 1K 10K 100K

g;sw(l):ra()zﬁ:jqresuItsJef,source L(f) = -[d BC/HZ] VS. f[HZ]

Figure 262 Measurement results and reference source noise
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Gathering More Data

330

Repeating the measurement

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 337), repeating 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 the Measurement menu, click Repeat

Measurement. See Figure 263.

!;Ei Confidence Testusing  8644B Int vs Ext 10 MHz -
File Edit “iew Define =8 Analvze System  Help

D | ﬁl El @l &l . fewye Measurement
C

Repest Messurement
Abort Messurement
u—ESM'H:—,] Real-Time honitor

E5500 Phase Hoise Measuremen... !El E

|g| o| &

¥

it vs Ext 10 Mz

nlloo7 15:18:53- 15:21:04

Fiepeat the Curent measurement

[LOCAL

[IDLE

Figure 263 Repeating a measurement

Doing more research

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 DUT or data sheets for components used in the device) can often
provide insights into the expected performance of the DUT.
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Outputting the Results

To generate a printed hardcopy of your test results, you must have a printer
connected to the computer.

Using a printer

To print the phase noise graph along with the parameter summary data, select
File/Print on the menu.
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Graph of Results

Use the Graph of Results to display and evaluate your measurement results.
The Graph of Results screen is automatically displayed as a measurement is
being made. However, you can also access the Graph of Results functions from
the main graph menu. You can 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" on page 332

e “Omit Spurs" on page 334

e “Parameter summary" on page 335

Marker

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

1 On the View menu, click Markers. See Figure 264.

!;Ei Untitled - E5500 Phase Hoise Measurement Subsystem
File  Edit BEEEN Define Measure Analyze  System  Help

DI s i| o | ¥

Markers

I EfEr,

LClear Graph
Fiefresh Graph

Parameter Summary

M easurement D efinition
Spur List

FLL Supprezsion Graph
Instrument Connections
Meszage Log

Dizplay Preferences..

e5505a_user_nav_markers
v Updats Graph wheh Parameters are Changed 24 Jun 04 rev 3

Figure 264 Navigate to marker

2 To remove the highlighted marker, click the Delete button. You may add as
many as nine markers. See Figure 265 on page 333.
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Conf_8644B_10MHz pnm - ES500 Phase Noise Measurement Subsystem

Dj=(8) 8|2 CjE] o) x[E] 4

Figure 265 Add and delete markers
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Omit Spurs

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

1 On the View menu, click Display Preferences. See Figure 266.

!}ﬁ FreeRF.pnm - ES500 Phase Moize Measurement Subsystem

Filz  Edit Define  Measure  Analyze  Sesterm Help
Ol |v Toolbar kg?
—|—|- v Status Bar ﬂ IF @I —I
v Markers

tdeter

Clear Graph
Refresh Graph

Parameter Summany
Meazurerment Definition
Spur Lizt

PLL Suppression Graph
Inztrument Connections
Meszage Log

Dizplay Preferences. .

e5505a_user_nav_display_pref
v Update Graph when Parameters are Changed P on reug PP

Figure 266 Select display preferences

2 In the Display Preferences dialog box, uncheck Spurs. See Figure 267.
Click OK.

Display Preferences

v Muoise Color...l CDIDI...l ¥ Limit Lines Eolor...l
v Title Eolor...l V¥ Annotation Color...l

tdarker Colar |
¥ Graticule Calor... [ Smalléngle  Color...
_l _l Background Calor |

Default Colors |

Figure 267 Uncheck spurs

3 The Graph will be displayed without spurs (Figure 268 on page 335). To
re-display the spurs, check Spurs in the Display Preferences dialog box.
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E5500 Phase Noise Measurement Subsystem
File Edit Yiew Defne Measue fnalpze Swstem Help

Evaluating Your Measurement Results

Dlz(@| 8n| Elsle| x|E| < =[o @B ¥

Confidence Testusing ' 8644B Int vs Ext 10 MHz

ES500  Carrier: 10 01E+6 H=
g 3. Marker Frequency
1: 180 664062
2 66040039 H
3 200E+3 Hz
600E+3 Hz

25 Wl1997 151853 - 15:21:04

. mplitude
8591 dBs
11773 dBs

1o 100K

1K 10K
Lify [dBc/Hz] ws f [Hz]

Marker 4 Frequency |600E+3 Hz Ampliude [£4.36  dBc

fddharker | Delete Marker | Claar Makers |

1M

For Help, press Fi

LOCAL IDLE 7

Figure 268 Graph without spurs

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 On the View menu, click Parameter Summary (Figure 269).

j FreeRF_pnm - E5500 Phase Hoise Measurement Subspstem
Fil=  Edit LDefine  Measure Analyze  Spstem  Help
Ol= | v Toolbar J | | kql
—|—|— v Statusz Bar ] 0 @
tarkers
I eter
Clear Graph
Refrezh Graph

teazurement D efinition
Spur List

PLL Supprezszion Graph
Instrument Connections
Mezsage Log

Dizplay Preferences...

v Update Graph when Parameters are Changed

Figure 269 Navigate to parameter summary
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14 Evaluating Your Measurement Results

2 The Parameter Summary Notepad dialog box appears (Figure 270). The
data can be printed or changed using standard Notepad functionality.

E e5500 #2 - Notepad [_ O] =]
File Edit Search Help

Free Running RF Oscillator vs 8644B DCFM

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 Hzolt

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/\/olt

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: 8644B ; VCO tuned using DC FM. =

|»

Figure 270 Parameter summary notepad
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Table 51 List of topics that discuss problem solving in this chapter

If you need to know:

Refer to:

What to do about breaks in the noise graph

How to verify a noise level that is higher than expected

How to verify unexpected spurs on the graph

How to interpret noise above the small angle line

Discontinuity in the Graph
High Noise Level

Spurs on the Graph

Small Angle Line

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 52 identifies the circumstances that can cause discontinuity in the

graph.

Table 52 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.

Erratic Noise: One or more
segments out of line with the rest of
the graph.

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.

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.

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.

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.
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Table 52 Potential causes of discontinuity in the graph (continued) (continued)

Circumstance

Description

Recommended Action

Break at the upper edge of the
segment below PLL Bandwidth 2 4.

Small Break at 100 kHz,
10 kHz, or 1 kHz

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:

An inaccurate 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.

Higher noise level

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.

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.

Refer to Table 53. 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.
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Offset Frequency

Number of Averages

Upward Change for Marking Spurs (dB)

<4
>
< 100 kHz 24
>8
=30
>100 kHz Any

30
17
12
6
4

To list the marked spurs

A list of spurs can be displayed by accessing the Spurs 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 DUT wiring, etc. A breadboarded or
prototype circuit should be well shielded from external RF fields when phase
noise measurements are being made.

Table 54 shows actions to take to eliminate spurs.

Table 54 Actions to eliminate spurs

Spur Sources

Description

Recommended Action

Internal

External

Potential spur sources within the
measurement system include the phase noise
system, the DUT, and the reference source.
Typical system spurs are —120 dBc, and they
occur at the power line and system vibration
frequencies in the range of from 25 Hz to 1
kHz, and above 10 MHz.

Spur sources external to the system may be
either mechanical or electrical. When using
the Phase Lock Loop measurement technique,
the system’s susceptibility to external spur
sources increases with increases in the Peak
Tuning Range set by the VCO source.

If you do not have a plot of the system’s noise and spur
characteristics, perform the system Noise Floor Test. If
you suspect that the DUT or the reference source may
be the spur source, check each source using a
spectrum analyzer or measuring receiver (such as an
Agilent 8902A). Also, if additional sources are available,
try exchanging each of the sources and repeating the
measurement.

Shorten coaxial cables as much as possible
(particularly the Tune Voltage Output cable). Make sure
all cable connections are tight. It may be possible to
identify an external spur source using a spectrum
analyzer with a pick-up coil or an antenna connected to
It.
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Table 54 Actions to eliminate spurs (continued)

Spur Sources  Description

Recommended Action

Electrical Electrically generated spurs can be caused by The frequency of the spur and patterns of multiple
electrical oscillation, either internal or spurs are the most useful parameters for determining
external to the measurement system. The list the source of spurs. The spur frequency can be
of potential spur sources is long and varied. estimated from the graph, or pinpointed using either
Many times the spur will not be at the the Marker graphic function which provides a
fundamental frequency of the source, but may resolution of from 0.1% to 0.2% or by using the spur
be a harmonic of the source signal. Some listing function.
typical causes of electrical spurs are 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 other
frequencies below 1 kHz. The source of a mechanical devices that oscillate at a specific
mechanically generated spur is typically frequency. (Temporarily blocking the airflow through a
external to the measurement system. fan may alter its speed enough to discern a frequency

shift in a spur that is being caused by the fan.)

Small angle line
Caution must be exercised where L(f) is calculated from the spectral density
of the phase modulation Sq)(f)/ 2 because of the small angle criterion. Refer to
Figure 271. Below the line, the plot of L(f) is correct; above the line, L(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 type (S¢(f)).
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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Small angle
phase noise limit

-100
-120
-140
-160 | | | | | | |

1 10 100 1K 10K 100K 1™ 10M 40M
E5505a_valid_noise_levels L (f ) = -[d BC/HZ] VS. f [HZ]

02 Mar 04 rev 1

Figure 271 L(f) Is only valid for noise levels below the small angle line
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Introduction

344

The E5500 Phase Noise Measurement System software feature Advanced
Functions allows you to manipulate the test system or to customize a
measurement using the extended capabilities of the E5500 software. This
chapter describes each of these advanced functions. Agilent recommends that
only users who understand how the measurement and the test system are
affected by each function use the Advanced Functions feature.
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Phase-Lock-Loop Suppression

Selecting “PLL Suppression Graph” on the View menu causes the software to
display the PLL Suppression Curve plot, as shown in Figure 272, when it is
verified during measurement calibration. The plot appears whether or not an
accuracy degradation occurs.

Phase Locked Loop Suppression Calibration Factors EHE

Mote: Any Calibration Factors displayed below with an
unknown value have not been measured et
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 Hz
Peak Tune Range: 100.5E+3Hz ¥ “iew Smonthed Loop Suppression
Azsumed Pole: 89.48E+3Hz
I awirnum Error: 589.5E-3 dB ) ) :
Detector Constant: 599E-3  Volts/Radian I™ iew Theoretical Laop Suppression
L0 Constant: 9.231E+3Hz ol

IV Wiew Adjusted Theoretical Loop Suppression

Figure 272 PLL suppression verification graph

PLL suppression parameters

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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Max error

This is the measured error that still exists between 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 bandwidth

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 will 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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Detector 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 E5505A system noise floor, exclusive of the reference
source. “VCO CONSTANT” 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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Ignore-0ut-0f-Lock Mode

348

The Ignore Out Of Lock test mode enables all of the troubleshooting 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 test set 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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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 CHIRP INPUT port on the rear panel
of the test set. The PC digitizer, when used as the FFT analyzer, provides a
companion D/A output for this purpose. When an Agilent 89410A vector signal
analyzer is the system FFT analyzer, the 89410A’s companion source output is
used.

PLL suppression information

The PLL Suppression View graph has been updated to allow measured,
calculated (adjusted), and theoretical information to be examined more
closely. When the “Always Show Suppression Graph” is selected, the following
graph (Figure 273) is provided.

Phase Locked Loop Suppression Calibration Factors EHE
Nate: Any Calibration Factors displayed below with an
unknown valug have not been measured pet.
Suppression traces will anly be displayed after calibration.

Theoretical and Actual Loop Suppression Factors

. o o
TITTITT T T T 77T

FLL Gain Change: 8B0E-3 dB

Closed PLL B/ 2.8823E+3 Hz
Peak Tune Fange: 100.5E+3Hz W “iew Smocthed Loop Suppression

Azzumed Pole: 89.48E+3Hz . : . B
Wasimum Error 589.56-3 B v erw Ag|ust9|.:l Theoretical Loop .Suppressmn
Detector Constant: 593E-3  Yolts/Radian I Wiew Theoretical Laop Suppression
WCO Constant: 9,23 E+3Hz ol

Figure 273 Default PLL suppression verification graph
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There are four different curves available for this graph:

“Measured” loop suppression curve (Figure 274 on page 350)—this is the
result of the loop suppression measurement performed by the E5505A
system.

“Smoothed” measured suppression curve (Figure 275 on page 351)—this
is a curve-fit representation of the measured results, it is used to
compare with the “theoretical” loop suppression.

“Theoretical” suppression curve (Figure 276 on page 351)—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.).

“Adjusted” theoretical suppression curve (Figure 277 on page 352
through Figure 279 on page 353) —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.

Phase Locked Loop Suppression Calibration Factors

Mate: &y Calibration Factors dizplayed below with an
unknown walue have not been meazured pet.
Suppression traces will only be displayed after calibration.

Theoretical and Actual Loop Suppression Factors

w

£2n oy

FLL Gain Change: SE0E-3 4B

Closed PLL B'w:  ZBH23E+3 Hz
Peak Tune Range: 100.5E+3 Hz ™ Wiew Smoathed Loop Suppression
Azsumed Paole: 89 48E+3Hz=
Pl amirnurn Erar: 529.5E-3 dB : . )
Detector Constant: 599E-3 Yolts/Radian ™ Wiew Thearetical Loop Suppressian
WCO Constant: 9.231E+3Hz olt

v iew Measured Loop Supressior

[ Wiew Adjusted Theoretical Loop Suppression

Figure 274 Measured loop suppression curve
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Phase Locked Loop Suppiession Calibration Factors [ 2] %]

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

Theaoretical and Actual Loop Suppression Factors

FLL Gain Change: 8E60E-3 dB

Closed PLL B'w:  2.8823E+3 Hz
Peak Tune Range: 1005E+3Hz IV iiew Smoothed Loop Suppressiort
Azsumed Pole: 89.48E+3Hz
I awimurn Errar: 5E9.5E-3 dB
Detector Canstant 599E-3  Walts/Radian I™ iew Theoretical Loop Suppression
[CO Constant: 9.23E+3Hz Mol

™ View Measured Loop Supression

™ View Adjusted Theoratical Loop Suppression

Figure 275 Smoothed loop suppression curve

Phasze Locked Loop Suppression Calibration Factors EHE

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

Theoretical and Actual Loop Suppression Factars

FLL Gain Change: 8E0E-3 4B . .
Closed PLL B\ 2 BE23E+3 Hz r \u"few Measured Loop Supressm.n :
FPeak Tune Range: 100.5E+3Hz ™ iew Smoothed Loop S uppressior

Assumed Pole: 89.48E+3Hz
b axirnurn Errar: 589.5E-3 dB ) ) _
Detector Constant: 599E-3 Valts/Radian ¥ iew Theoretical Loop Suppression
CO Constant: 9 2ZHNE+3HzAalt

™ Wiew Adjusted Theoretical Loop Suppression

Figure 276 Theoretical loop suppression curve
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Phase Locked Loop Suppression Calibration Factors [ 2] =]
Wate: Any Calibration Factors displayed belaw with an
unknown value have not been measured pet.
Suppression traces will only be displayed after calibration.

Theoretical and Actual Loop Suppression Factors

0 00 1k 0K 100k

PLL Gain Change: 8B0E-3 dE

et FLL B 2 GaE 43 Ha ™ Wiew Measured Loop Supression ‘

Peak Tune Range: 100.5E+3Hz W #iew Smoathed Loop Suppressior:
[Azsumned Pole: 89.48E+3Hz R

W i Error: BOOEE-3 dB ™ iew Ag|ustet.:l Theoretical Loop ISuppresslon
Distector Constant 539E-3 Yolks/R adian W iew Thearetical Laop Suppression

VOO Constant 9.2NE+IHzMalt

Figure 277 Smoothed vs. theoretical loop suppression curve

Phase Locked Loop Suppression Calibration Factors EHE
Mote: Any Calbration Factors displaped below with an
unknown value have not been measured yet.
Suppression traces will only be displayed after calibration.
Theoretical and Actual Loop Suppression Factors
0 100 1*® 10K 100K

PLL Gain Change: SE0E-3 4B s :
Closed PLLEW:  28803E+3 Hz L Vi e L e
Peak Tune Rangs: 100.5E+3Hz ' iew Smonthed Loop Suppression
Aizzumed Pale: 89 48E+3Hz Y : : Fig
Mawimum Error: £A9.56.3 db Il :’\"’few Ag|ust3|?l Theoretical Loop .Suppressmr't
Detector Constant: 593E-3  Waolts/Radian I” iew Thearetical Laop Suppressian
WO Constant: 9.231E+3Hz Al

Figure 278 Smoothed vs. Adjusted theoretical loop suppression curve
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Phase Locked Loop Suppression Calibration Factors

Mate: &ny 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: 8E0E-3  dE

Clozed PLL B'w:  2.8823E+3 Hz
Peak Tune Range: 100.5E+3Hz ™ “iew Smocthed Loop Suppression
Assumed Pole: 83 48E+3Hz
Maximurm Errar: 529.5E-3 B » . e
Detector Constant: 599E-3  Yoltz/H adian I iews Thearetical Loop Suppressior
WCO Caonstant: 9. 23E+3Hz ol

™ ‘iew Measured Loop Supression

¥ iew Adiusted Theoretical Loop Suppression

Figure 279 Adjusted theoretical vs. theoretical loop suppression curve
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PLL gain change

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

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 degradation

Accuracy specification degradation is determined by taking the larger of
Maximum Error and magnitude of PLL Gain Change and then subtracting
1 dB.
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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 recovered. If 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

Security level procedure

1 From the Define Menu, choose Security Level. See Figure 280.

(@ R_Security.pnm -  E5500 Phase Hoise Measurement Subsystem

File Edit “iew NES{EM Messure Analyze System  Help

Dlf@) ¢ e | xE) m) o of €] X
Level pr s 26624 using DCFM

ESSOC— 07 T 1998 1132:38 - 11:34:12
EFT Segment Table H i i

Swvept Seament Takle

1K jlij:e 100K
Lify [dBe(Hz] vs f [Hz]

Set Security Level for this measurement |LDEAL |IDLE i

Figure 280 Navigate to security level

2 Choose one of the security options provided:
* Unsecured: all data is viewable
¢ Secured: Frequencies cannot be viewed

¢ Secured: Frequencies and amplitudes cannot be viewed

Agilent E5505A User’s Guide 355



15 Advanced Software Features

356

Unsecured: all data is viewable

E5500 Measurement Security Level ﬂ

WiARMIMG: Securty may only be increazed in a meazurement. Once
frequencies or amplitudes are secured, thep cannot be viewed again.
[F pow enable security, you will not be able to view frequency or
amplitude information for that measurement again.

MOTE: To permanently zecure a meazurement, you musgt zave the
meazurement in a file after you have increazed the security level.

& Unsecured: all data is viewable!

™ Secured: Frequencies cannot be viewed.

™ Secured: Frequencies and Smplitudes cannat be viewed.

Cancel | OF. I

Figure 281 Choosing levels of security

!;'-' _Security.pnm - E5500 Phase Hoise Measurement Subsystem
File Edt Wiew Define Meazure Analyze System  Help

D[z(E| 8[n 4 Kl®|a| x (=] @ o of E X

RF Synthesizer vs 2624 using DCFM

ES500  Carrier: GO0+ Ha OF Tan 1008 11:32:30- 11:34:13

S b b o4 o5 ot
S 25233
TTTTTT T T I T I IrIrTTd

-110]

= bk
= &8 =8

10 100 1K 1K 100K 101 10n1
Lif) [dBe/Hz] ve £ [Hz]

Connected o server |LOCAL [IDLE

Figure 282 Unsecured: all data is viewable

When “Unsecured all data is viewable” is selected, all frequency and amplitude
information is displayed on the phase noise graph. See Figure 281 and
Figure 282.
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Secured: Frequencies Cannot be Viewed

When “Secured: Frequencies cannot be viewed” is selected, all frequency
information is blanked on the phase noise graph. See Figure 283 through
Figure 285.

E5500 Measurement Security Level ﬂ

WARNIMG: Security mayp only be increazed in a measurement. Once
frequencies or amplitudes are secured, they cannot be viewead again.
If you enable security, you will not be able ta wview frequency or
amplitude information for that measurement again.

MOTE: Ta permanently secure a measurement, you must zave the
meazurement in a file after vou have increazed the security level,

) (rsesured: 2l datais wemanle,

" Secured: Frequencies cannat be viewed;

" Secured: Frequencies and &mplitudes zannot be viewed.

Cancel | QK I

Figure 283 Choosing levels of security

!;Ei R_Security.pnm - E5500 Phase Hoise Measurement Subsystem
File Edit “iew Define bessure Analyze System  Help

D||H| 8|0 £ %] x|E] = o] af & ¥
RF Synthesizer ws BA624 using DOFM
ESS00 _Camier: +4+44 Hg 07 Fan 1093 11:32:39 - 1134:12

o
=
IR RN RN RN R

Lifjy [dBciHz] ws f [Hz]
Connected to server. |LOCAL |IDLE i

Figure 284 Secured: frequencies cannot be found-1
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E5500 HE
Type and Range |Soulces| Cal | Block Diagram | Test Set | Downconverter | Graph |
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Figure 285 Secured: frequencies cannot be found-2

Secured: Frequencies and Amplitudes cannot be viewed

When “Secured: Frequencies and Amplitudes cannot be viewed” is selected, all
frequency and amplitude information is blanked on the phase noise graph. See

Figure 286 and Figure 287.
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Figure 287 Secured: frequencies and amplitudes cannot be viewed
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16 Reference Graphs and Tables

Approximate System Noise Floor vs. R Port Signal Level

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. Figure 288 illustrates the approximate noise floor of
the N5500A 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.
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Figure 288 Noise floor for R input port
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Phase Noise Floor and Region of Validity

Caution must be exercised when L(f) is calculated from the spectral density of
the phase fluctuations, S¢Cf) 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 calculation of L(f) is still valid. As shown in
Figure 289, the line plot of L(f) is correct; above the line, L(f) is increasingly
invalid and S¢(f) must be used to represent the phase noise of the signal.
(Sq,(f) is valid both above and below the line. When using the L(f) graph to
compute Sq,(f), add 3 dB to the Level.

Sy = 2 (L)) o7 Sy(Pap = LDape + 3 dB
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Figure 289 Region of validity
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16 Reference Graphs and Tables

Phase Noise Level of Various Agilent Sources

The graph in Figure 290 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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Figure 290 Noise level for various reference sources
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Increase in Measured Noise as Ref Source Approaches DUT Noise

The graph shown in Figure 291 demonstrates that as the noise level of the
reference source approaches the noise level of the DUT, 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 DUT.
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| | | | | | 26 Feb 04 rev 1
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to reference noise (dB)
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Figure 291 Reference source and DUT noise levels

Agilent E5505A User’s Guide 365
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Approximate Sensitivity of Delay Line Discriminator

The dependence of a frequency discriminator's sensitivity on the offset
frequency is obvious in the graph in Figure 292. 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
1/2nt. 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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Figure 292 Delay line discriminator sensitivity
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AM Calibration

16

The AM detector sensitivity graph in Figure 293 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.

Equivalent Phase Detector Constant vs. Detector Voltage vs. Input Power
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Figure 293 AM detector sensitivity
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Voltage Controlled Source Tuning Requirements

Peak Tuning Range (PTR) = Tune Range of VCO x VCO Tune Constant.

Min. PTR = 0.1 Hz

Max. PTR = Up to 200 MHz, depending on analyzer and phase detector LPF.

Drift Tracking Range = Allowable Drift During Measurement

The tuning range that the software actually uses to maintain quadrature is
limited to a fraction of the peak tuning range (PTR) to ensure that 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. Refer to Figure 294.

Total peak-to-peak tuning range of VCO

tracking range

System
peak tuning range

Drift

| Capture |
range
| ange |
I | I
[
1
24 % 5 % 5 % 24 % E5505a_capt_drift_trk_range
26 Feb 04 rev 1

VCO Source center frequency

Figure 294 Tuning voltage required for phase lock
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Tune Range of VCO for Center Voltage

The graph in Figure 295 outlines the minimum to maximum Tune Range of

Reference Graphs and Tables

16

VCO that 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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Figure 295 Tune range of VCO for center voltage
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Peak Tuning Range Required by Noise Level
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The graph in Figure 296 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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Figure 296 Typical source noise level vs. minimum tuning range
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Phase Lock Loop Bandwidth vs. Peak Tuning Range

The graph in Figure 297 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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Figure 297 PLL BW vs. peak tuning range
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Noise Floor Limits Due to Peak Tuning Range

The graph in Figure 298 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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Figure 298 Noise at source’s peak tuning range
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Tuning Characteristics of Various VCO Source Options

Table 55 Tuning parameters for several VCO options

VCO Source Carrier Tuning Constant Center Voltage Tuning Input Tuning
Freq. (Hz/V) Voltage (V) Range (£ V) Resistance Calibration
(QQ) Method
Agilent 8662/3A
* EFC O 5E-9xv 0 10 1E+6 Measure
* DCFM FM Deviation 0 10 1k (8662) Calculate
600 (8663)  Calculate
Agilent 8642A/B FM Deviation 0 10 600 Calculate
Agilent 8643A/44B FM Deviation 0 10 600 Calculate
Agilent 8664A FM Deviation 0 5 (See Caution 600 Calculate
Agilent 8665A/B Below)
Other Signal Generator
DCFM Calibrated for FM Deviation 0 10 Rin Calculate
1V
Other User VCO Source Estimated -10to+10  See “Tune Rangeof 1E+6 Measure
within a factor VCO for Center
of 2 Voltage" on
page 369

Exceeding 5 volts maximum voltage tuning range for the 8664A and 8665A/B may
damage equipment.
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8643A Frequency Limits

Table 56 8643A frequency limits

Note: Special Function 120 must be enabled for DCFM

Minimum Recommended PTR (Peak Tune Range)

PTR =FM Deviation x VTR’

Model  Option Band Minimum  Band Maximum (MHz) Mode 22 Mode 1°
Number (MHz)

8643A 002 1030 2060 2000000 20000000
8643A 002 515 1029.99999999 1000000 10000000
8643A  Standard 515 1030 1000000 10000000
8643A  Both 2575 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 025146484375 05029296775 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 375.

2 The 8643A defaults to Mode 2 operation.

3 Wideband FM: Use Special Function 125 (refer to “How to access special functions" on page 375.

374

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
Table 57 on page 375.

* The [Mode 2] key provides a median range of FM deviation and RF output
switching time, as shown in Table 57 on page 375. The 8643A defaults to
Mode 2 operation.
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Table 57 Operating characteristics for 8643A modes 1, 2, and 3

Characteristic Synthesis Mode

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) -120 dBc -130 dBc

How to access special functions

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
SPECIAL ~_| L — ON
M O OO0 OO O oooo oa g =
\gn OOO OO O 0Oo0o00 EI
OO OO0 OoOo O goooo O - | —
OO0 OOO Ooo O oOooo OO oo OFF
oo O000 o0
s en - —

Figure 299 8643A special function keys

Description of special functions 120 and 125

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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125: Wide FM deviation (8643A only)

Mode 1 operation can be selected using this special function, which allows you
to turn on wide FM deviation. The 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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8644B Frequency Limits

Table 58 8644B frequency limits

Reference Graphs and Tables

16

Note: Special Function 120 must be enabled for

Minimum Recommended PTR (Peak Tune Range)

DCFM PTR =FM Deviation x VTR!

Model Option Band Minimum Band Maximum Mode 3 Mode 2 Mode 1
Number (MHz) (MHz)

8644B 002 1030 2060 200000 2000000 20000000
8644B 002 515 1029.99999999 100000 1000000 10000000
8644B Standard 515 1030 100000 1000000 10000000
8644B Both 2575 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 375.

8644B mode keys

e 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.

e The [Mode 2] key provides a median range of FM deviation and RF output

switching time, as shown in Table 59 on page 378.

* 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 59 Operating characteristics for 8644B modes 1, 2, and 3

Characteristic Synthesis Mode

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) -120 dBc -130 dBc -136 dBc

How to access special functions

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).
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oo 0000 wamERUo O QO
—— = ?—
/

e5505a_8644B MODE 1 MODE 2 MODE 3
rev 124 jun 04

Figure 300 8644B special functions keys
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Description of special function 120

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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8664A Frequency Limits

Table 60 8664A frequency limits

Note: Special Function 120 must be enabled for the
DCFM

! Minimum Recommended PTR (Peak Tune Range)
PTR =FM Deviation x VTR

Model Option Band Minimum  Band Maximum Mode 3 Mode 2
Number (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 499999999 Max FM = MIN (Above, Carrier frequency -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 375).

8664A mode keys

* The [Mode 2] key provides a median range of FM deviation and RF output
switching time, as shown in Table 61.

e 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 61 Operating characteristics for 8664A modes 2 and 3

Characteristic Synthesis Mode

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) -130 dBc -136 dBc
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How to access special functions

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)
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Figure 301 Special functions keys

Description of special functions 120

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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8665A Frequency Limits

Table 62 8665A frequency limits

Note: Special Function 120 must be enabled for DCFM

Minimum Recommended PTR (Peak Tune Range)
PTR =FM Deviation x VTR!

Model Option  Band Minimum Band Maximum (MHz) Mode 3 Mode 2
Number (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 frequency -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 375.

8665A mode keys

* The [Mode 2] key provides a median range of FM deviation and RF output

switching time, as shown in Table 63 on page 383.

e 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.

382
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Table 63 Operating characteristics for 8665A modes 2 and 3

Characteristic Synthesis Mode

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) -130 dBc -136 dBc

How to access special functions

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
pa— —
—— ([ ]
SPECIAL ON
O OO0 OO O Ooooo oo 4O =
\g-l:l OO0 OO O ooood |:|
OO OO0 OO O gooo Oog
OO OOCO doo O ooob oo oo OFF
0Bt 0000 gpmuo O O
eO505a Bo0oA MODE 1 MODE 2 MODE 3

Figure 302 8665A special functions keys

Description of Special Functions 120 and 124

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.
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124: FM Dly equalizer

This special function allows you to turn off FM delay equalizer circuitry. When
[ON] (The preset condition), 30 usec 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 Equalizer 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 8643A/8644B User’s Guide for specific
details.
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Table 64 8665B frequency limits

Reference Graphs and Tables 16

Note: Special Function 120 must be enabled for DCFM

Minimum Recommended PTR (Peak Tune
Range)
PTR =FM Deviation x VTR'

Model Option Band Minimum  Band Maximum (MHz) Mode 3 Mode 2
Number (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 2575 374.99999999 50000 1250000
8665B 1875 257.49999999 25000 1250000
8665B 30 187.49999999 200000 5000000
8665B 5 29.99999999 100000 5000000
8665B 0.05 499999999 Max FM = MIN (Above, Carrier frequency —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 375).

8665B mode keys

e The [Mode 2] key provides a median range of FM deviation and RF output
switching time, as shown in Table 65.

¢ 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 65 Operating characteristics for 8665B modes 2 and 3

Characteristic Synthesis Mode

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) -130 dBc -136 dBc

How to access special functions

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 AN

SPECIAL ~_] i — ON
\gg OO0 OO O 0000 OO O_ &
OO0 OO O oooo O g
OO OO0 OO O oooo |:|=:i |
OO0 OO0 ooo O 0oooo OO OoOoO — OFF

og:: 0000 gpmOoo O Q)
—~—— = "?'

5505 8065 MODE 1 MODE2  MODE3

Figure 303 8665B Special functions keys
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Description of special functions 120 and 124

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 equalizer circuitry. When
[ON] (The preset condition), 30 usec 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 Equalizer 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 8665B User’s Guide for specific details.
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17 System Specifications

Specifications

This section contains mechanical and environmental specifications, operating
characteristics, power requirements, and PC requirements for the system. It
also provides specifications for accuracy, measurement qualifications, and
tuning.

Table 66 contains the mechanical and environmental specifications for a
system. Table 67 shows the system’s operating characteristics.

Table 66 Mechanical and environmental specifications

Specifications Values
Temperature:
Operating 0 °C to 40 °C (32 °F to 131 °F)
Non-operating/storage -40 °C to 70 °C (-40 °F to 158 °F)
Altitude type tested from 0 to 3000 m (9,842 ft) - operating
4600 m (15,000 ft) - non-operating
Relative humidity type tested at 95%, +40°C (non-condensing)
Air flow space required 102 mm (4 in) on all sides
System weight: Benchtop 1.6 Meter Rack 2 Meter Rack
Approximate, typical 210 Ibs (95.5 kg) 431 Ibs (195.5 kg) 465 Ibs (211 kg)

System dimensions:

Height 71110 915 mm (280 36 1,620 mm (64 in) 2,020 mm (795 in)

Width in) 600 mm (23.6 in) 600 mm (23.6 in)

with rack-mounted flat-panel display 432 mm (17 in) 1438 mm (56.7 in) 1438 mm (56.7 in)
with benchtop PC and display n/a n/a n/a

Depth 1,016 mm (40 in) 905 mm (35.7 in) 905 mm (35.7 in)

711 mm (28 in)

Table 67 Operating characteristics

Warm up time required 30 minutes

Carrier frequency ranges 50 KHz to 1.6 GHz
50 KHz to 6 GHz
50 KHz to 18 GHz
50 KHz to 26.5 GHz

Offset frequency ranges 0.01 Hz to 2 MHz

0.01 Hz to 100 MHz
System noise response —180 dBc/Hz typically (>10 kHz offsets)
System spurious response <120 dBc typically
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Table 67 Operating characteristics (continued)

17

Phase detector input power

Downconverter input range

External noise input port

Measurement accuracy

(<1.6 GHz carrier frequency)
R input =0 to +23 dBm
L input = +15 to +23 dBm

1 GHz to 6 GHz
1 GHz to 18 GHz
1.5 GHz to 26.5 GHz

0.01 Hz to 100 MHz

12 dB (<1.0 MHz offsets)
+4 dB (<100 MHz offsets)

Reliable accuracy

The E5505A phase noise system minimizes measurement uncertainty by
assuring you of accurate and repeatable measurement results.

Table 68 Phase noise measurement accuracy

RF Phase Detector Accuracy

Frequency Range

Offset from Carrier

.01 Hz to 1 MHz
1 MHz to 100 MHz

+2dB
t4dB

Table 69 AM noise measurement accuracy

AM Detector Accuracy

Frequency Range

Offset from Carrier

.01 Hz to 1 MHz
1 MHz to 100 MHz

+3dB
+5dB

Measurement qualifications

In order for the E5505A to meet its accuracy specifications for any
measurement’, these qualifications must be met by the signal sources you are

using:

e 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.

Agilent E5505A User’s Guide
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If either of these conditions are not met, system measurement accuracy may
be reduced.

In addition, if you have a know source, the source’s uncertainties must hee added to the
system specifications.

Tuning
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.
Computer

The minimum requirements for the E5505A phase noise measurement system
CPU are:

* Pentium® microprocessor (2.4 GHz or higher recommended)
* 1 GB of memory (RAM)

* 40 GB hard disk

* Microsoft Windows XP or Window 7

* Super Video Graphics Array (SVGA)

* Two GPIB Interface Cards

* At least three available PCI slots (for GPIB interface card and PC digitizer
card)
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Power Requirements

The flexibility of the EB505A system configuration results in a significant
range of power requirements, depending on the type and number of
instruments in a system. Table 70 provides the maximum requirements for
individual instruments so that you can determine the requirements of your
specific system. It also provides the maximum current drawn by an E5505A
system that contains one of each type of instrument listed in the table.

Table 70 E5505A maximum AC power requirements

Component 115 VAC 230 VAC
System maximum 27 A 17 A
(one of each type of instrument below)

PC 9A 45 A
Display (LCD) 1.2A 1.2A
N5500A test set (Opt. 001) 3A 2A
Downconverter 3A 2A
Source ~6A ~4A
Spectrum analyzer ~25A ~15A
Frequency counter 15A ~TA
Oscilloscope ~1A ~07A

The E5505A system is shipped with AC power cords appropriate for your
location.

For information on an instrument’s power line module, see the instrument’s
separate user’s guide.
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PC to test set connection, standard model 400

PC to test set (options 001 and 201) and downconverter connection
E5505A system connections with standard test set 403

E5505A system connections with test set option 001 404

E5505A system connections with test set option 201 405

This chapter contains information and diagrams for connecting the
instruments in a racked or benchtop E5505A system.
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18 System Interconnections

Making Connections

Use the information in this section to connect your system hardware. It
contains cable and connector tables, connection diagrams, and guidelines for
making connections.

Make all system hardware connections without AC power applied. Failure to do so may
result in damage to the hardware. GPIB connections are an exception; they may be
connected with power applied.

Make connections in a properly grounded environment. Agilent recommends wearing
grounding wrist or foot straps. Failure to do so may result in damage to the hardware.

Do not make a GPIB connection with an oscilloscope. Doing so causes the E5505A
system to malfunction and may result in damage.
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System Connectors

Table 71 contains the connectors and adapters for the main E5505A system instruments. It includes

the type and quantity for each instrument and option. (You receive the devices specific to the
instruments in your system with your shipment; you may not receive every device shown in the

table.)

Table 71 E5505A connectors and adapters

Part Number Description N5500A N5500A N5500A N5501A N5507A N5508A N5508A
Standard  Opt. 001 Opt. 201 N5502A Opt. 002

0960-0053 Termination, coaxial SMA (male), 50 Q 4 3 3

1250-0207 Termination, BNC, 50 Q 1 1 1

1250-0780 Adapter, Type N (male) to BNC (female) 3 2 3 1

1250-0839 Termination, coaxial SMC (female), 50 Q 1 1 1

1250-1200 Adapter, SMA (male) to BNC (female) 2

1250-1250 Adapter, N (male) to SMA (female) 1 2 1

1250-2015 Adapter, SMA (female) to BNC (male) 1

1250-2076 Termination, coaxial SMB (female), 50 Q 1 1 1

5061-5311 Adapter/Connector saver, 3.5 mm (female) 2 2 3 1 2

to 3.5mm (female)
5813-0803 GPIB extension 1 1 1 1 1 1 1

E5505-60001

Digitizer adapter for PC

1 with E5505A system
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System Cables

Table 72 shows the E5505A system cables and their connections. Some cables are used only with
specific system options; you may not receive all cables in the table. An additional GPIB cable is
shipped with each optional instrument ordered.

Table 72 E5505A cables and connections

Part Number

Description

Qty From

To

8120-2582
8120-5370
8120-3445
8120-3446
E5505-80001

E5505-80002

BNC (male) to BNC (male), coaxial, 4 feet
BNC (male) to BNC (male), coaxial, 8 feet
GPIB, 10834A, 1 meter

GPIB, 10834B, 2 meter

RF, SMA (male) to BNC (male), yellow

RF, SMA (male) to BNC (male), green

For Test Set, Opt 001

E5505-20001

E5505-20002

E5505-20003

RF, semi-rigid, N-Type (male) to N-Type
(male)

RF, semi-rigid, N-Type (male) to SMA (male)

RF, semi-rigid, SMA (male) to SMA (male)

3
2
1

—_

—_

Varies with configuration and function
Varies with configuration and function
Test set rear panel GPIB

PC rear panel GPIB

PC digitizer card adapter IN

PC digitizer card adapter OUT

Test set front panel FROM
DOWNCONVERTER

Test set front panel TO
DOWNCONVERTER

Test set front panel TO
DOWNCONVERTER

Downconverter rear panel GPIB
Test set rear panel GPIB

Test set front panel ANALYZER
<100 MHz OUT

Test set rear panel CHIRP SOURCE IN

Downconverter front panel IF OUTPUT

N5501A/2A Downconverter front panel
SIGNAL

N5507A Downconverter front panel SIGNAL

suondauu0dIdNU| lua1sAs 8L
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Connecting Instruments

This section provides guidelines for connecting your phase noise system
instruments. When reconnecting all system instruments, first connect the PC,
test set, and downconverter(s). Then connect the spectrum analyzer and
remaining system instruments. Add any additional asset next. Lastly, connect
power cords and apply power.

1 Without power applied, connect the digitizer adapter to the back of the PC
digitizer card, as shown in Figure 304.

IR

" [f T .|
‘ 5. - lhlwl I'I

Figure 304 Connect adapter to PC digitizer card

2 Connect a GPIB extension to the GPIB connector on the PC to provide
adequate clearance for the cable.

3 Connect the following cables between the PC Digitizer card adapter and the
test set (see Figure 305 on page 400 and Figure 306 on page 401):

* SMA (male) to BNC (male) cable between the PC digitizer card adapter’s
IN connector and the test set’s front-panel connector
ANALYZER <100 MHz OUT.

° SMA (male) to BNC (male) cable between the PC digitizer card adapter’s
OUT connector and the test set’s rear-panel connector
CHIRP SOURCE IN.

Agilent E5505A User’s Guide 399



18 System Interconnections

Test set rear
panel connection
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Spectrum analyzer

Figure 305

400

Display

50 Q load BT
termination ﬁf a@ =
D(w J
To test set [¢) )
rear panel ]
CHIRP source
pC Digitizer
S output) Digitizer
(T input
(T :
) e—— GPIB

PC to test set connection, standard model

E5505a_test_set_con1
05Apr04 rev 1
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Test set rear
panel connection

Spectrum analyzer

g 3
= 22282
GPIB SR
P— & a2z
o = (838
gs2
588
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Test set
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50 Q load
termination

To test set
rear panel Q
CHIRP source

PC Digitizer
output
o) / Digitizer
(I input _J
(I :

N GPIB

Display

E5505a_test_set_con2
05Apr 04 rev 1

Figure 306 PC to test set (options 001 and 201) and downconverter connection
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18 System Interconnections

4 Connect cables to other instruments with the appropriate connectors and
adapters, using the tables and diagrams in this section. (Refer to Figure 307
on page 403 through Figure 309 on page 405.)

Install a GPIB extension on these system instruments before connecting
the GPIB cable: N5500A/01A/02A/07A/08A.

Do not make a GPIB connection with an oscilloscope. Doing so causes the E5505A
system to malfunction and may result in damage.

For easy re-installation, label each end of each cable with the corresponding instrument
connector names.

5 You may connect other assets (in addition to those supplied with the
system) either at this time or after running the confidence test.

6 Lastly, connect the power cord(s) to the AC power supply.
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Figure 307 E5505A system connections with standard test set
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Figure 309 E5505A system connections with test set option 201
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Step 1: Uninstall the current version of Agilent Technologies 10
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Step 2: Uninstall all National Instruments products. 408

Step 3: Install the National Instruments VXI software. 408

Step 4: Install the National Instruments VISA runtime. 408
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This chapter contains information and procedures for installing or
re-installing the necessary phase noise hardware and software in an E5505A
Phase Noise Measurement System PC.
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19 PC Components Installation

Overview

Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

408

Your E5505A Phase Noise Measurement System system arrives with all
necessary phase noise components installed in the system PC. However, if you
need to re-install the phase noise hardware and/or software in your E5505A
system PC for any reason, use the procedures in this chapter. The chapter
leads you through the process step-by-step. To prevent errors in the
wnstallation process, it is itmportant to complete the tasks in the order
presented, and to complete each one before proceeding to the next.

Installing the required phase noise software and hardware in the system PC
involves the following tasks, in the order listed:

Uninstall the current version of Agilent Technologies 10 libraries
Uninstall all National Instruments products.

Install the National Instruments VXI software.

* Instructions: as per "Install software for the NI Data Acquisition Software."
* Accept All default settings.

Install the National Instruments VISA runtime.

* Instructions: as per "Install software for the NI Data Acquisition Software."
* Accept All default settings.

Install software for the NI Data Acquisition Software.

Install Windows XP or Windows 7 operating system, and all necessary PC-specific
software and drivers, before beginning the procedures in this section. See the PC and
software manufacturers’ documentation for their installation requirements and
procedures.

This procedure applies specifically to the PC digitizer card supplied with the
Nb5505A system. For this and any other PC digitizer card, always follow the
manufacturer’s instructions.
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To install the PC digitizer software

PC Components Installation

19

Step

Action

1 Make sure your PC and display are on.

2 Place the manufacturer’s installation DVD-R in
the DVD-R drive of the PC.

3 Follow the instructions in the installation wizard.

4 Shutdown and power off the PC and its
peripherals. Proceed to the phase noise
hardware installation procedures.

The installation wizard dialog box should
automatically appear after a few
seconds. If it doesn't, start it this way:
From the Start menu, select My
Computer and the DVD-R drive.

Find and select the file setup.exe. Click
OK.

Accept the defaults.

Leave the DVD-R in the drive. Once you
have installed the necessary hardware
and powered on the PC again, the
installation wizard will lead you through
completing the PC digitizer software
installation process.

If you're re-installing any of the phase noise hardware and software components in the
list, be sure to uninstall a/l components, then reinstall them in the order shown above.

If you encounter any problems with the installation, contact your Agilent Technologies
Service Center. Contact information is in Appendix A, “Service, Support, and Safety

Information.”

Step 6: Hardware Installation

m Disconnect all power before removing the cover to your PC. Failure to disconnect

power could result in serious injury.

Refer to your computer’s documentation for installation safety instructions and
specific instructions for opening your computer. Be sure to perform these
procedures in a properly grounded environment. Agilent recommends wearing
grounding wrist or foot straps. Failure to do so may result in damage to the

computer.
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Step 6a: Taking ESD precautions

CAUTION The PC Digitizer and GPIB interface cards are static-sensitive devices. Wear a
properly grounded wrist or foot strap while handling the cards and performing the

procedures in this section. Failure to do so can result in damage to the electronic
devices and assemblies involved.

While inserting the cards, be sure to hold them by the edges.

Step 6b: Preparing for Installation

You need a #1 POZIDRIV screwdriver to install hardware in the system PC.
1 Make sure that your PC and all its peripherals are powered off.
2 Disconnect the power cord from the PC.

3 Remove the cover from the PC to access the PC’s expansion slots. See the
PC manufacturer’s documentation for instructions.

To remove the cover of the N5505A system Advantech or Kontron PC:
a Remove the top two screws on the left and right sides of the PC.

Figure 310 Remove screws from side of CPU
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b Carefully slide the cover away from the front of the unit then lift it off.

Figure 311 Slide cover off

¢ Uninstall the internal hold-down bar by removing the two screws that
attach it and lift the bar out of the unit.

Figure 312 Remove hold-down bar
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Step 6c¢: Accessing PC expansion slots

Figure 313 shows a view of the expansion slots vertically mounted; your
computer’s expansion slots may be horizontally mounted, but the process is
the same.

1 Look for suitable expansion slots for both the PC digitizer card and the
GPIB interface card. Choose slots that provide good external access to the
PC Digitizer and GPIB interface connectors. You may want to leave an
empty expansion slot between the cards for easier internal access.

2 Remove their cover plates by unscrewing the securing screw and lifting
them off the slot. (Save the blank cover plates for use if the cards are
removed later.)

Figure 313 Vertically-Mounted expansion slots

Step 6d: Installing the PC digitizer card (PCB)

Perform this installation with the system PC disconnected from AC power.
Figure 314 shows a PC digitizer card.
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Figure 314 PC digitizer card

1 Insert the PC digitizer card edge connector into the PCI connector. Gently
rock the card into place; do not force it. Make sure the card is fully seated by
pushing firmly on the edge of the card with the palm of your hand.

Figure 315 Insert PC digitizer card
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2 Screw the mounting bracket to the PC back-rail panel to secure the card.

Figure 316 Secure card with screw

3 Connect the digitizer adapter to the back of the PC digitizer card, as shown
in Figure 317.

Figure 317 Connect adapter to PC digitizer card

While you have access to the expansion slots, also install the second piece of
phase noise system hardware, the GPIB interface card.
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Step 6e: Installing the GPIB interface card (PCB)

NOTE Only Agilent Technologies PCI GPIB cards, 82350, are supported.

Perform this installation with the PC disconnected from AC power. Figure 318
shows a GPIB interface card.

Figure 318 GPIB interface card

1 Insert the GPIB card in the PCI connector. Gently rock the card into place;
do not force it. Make sure the card is fully seated by pushing firmly on the
edge of the card with the palm of your hand.
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Figure 319 Insert GPIB card

NOTE You may need a GPIB connector extender to provide adequate clearance between the GPIB
cable and the computer chassis.

2 Screw the mounting bracket to the PC back-rail panel to secure the card.

..
Figure 320 Secure card with screw
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Replace the PC cover as described in the manufacturer’s documentation.
For the system’s Advantech or Kontron PC, re-install the hold-down bar
(with additional rubber bumpers if desired), then replace the cover.

Figure 321 Replace cover

Step 7. Finalize National Instruments Software Installation.

When you power on the PC again, the installation wizard leads you through a
few last steps of installing the National Instruments software.

To finish the National Instruments software installation:

1

2
3
4

Reconnect the power cord to the PC and the AC power supply.
Power on the PC and the display.

Follow the instructions in the installation wizard.

Do NOT restart the PC at this time.

Step 8: System Interconnections

Use the information in this section to make connections between the
system PC and the N5500A test set.

Connectors

Table 73 contains the connectors on the main N5505A system instruments.
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Table 73 E5505A connectors and adapters

Part Description N5500A N5500A N5500A N5501A N5507A N5508A N5508A
Number Standard Opt. 001 Opt. 201 N5502A Opt. 002
0960-0053 Termination, coaxial SMA 4 3 3
(male), 50 Q
1250-0207 Termination, BNC, 50 Q 1 1 1
1250-0780 Adapter, Type N (male) to BNC 3 2 3 1
(female)
1250-0839 Termination, coaxial SMC 1 1 1
(female), 50 Q
1250-1200 Adapter, SMA (male) to BNC 2
(female)
1250-1250 Adapter, N (male) to SMA 1 2 1
(female)
1250-2015 Adapter, SMA (female) to BNC 1
(male)
1250-2076 Termination, coaxial SMB 1 1 1
(female), 50 Q
5061-5311 Adapter/Connector saver, 3.5 2 2 3 1 2

mm (female) to 3.5mm (female)

5813-0803 GPIB extension 1 with E5505A System, or 2 for use with Agilent Technologies E5500 SCPI
Remote Interface GPIB slave Port

E5505-60001 Digitizer adapter for PC 1 with Eb505A system

Making Connections

1 Connect the following cables between the PC Digitizer card adapter and the
test set:

SMA (male) to BNC (male) cable between the PC digitizer card adapter’s
IN connector and the test set’s front-panel connector
ANALYZER <100 MHz OUT.

SMA (male) to BNC (male) cable between the PC digitizer card adapter’s
OUT connector and the test set’s rear-panel connector
CHIRP SOURCE IN.

2 Refer to Figure 322 below and Figure 323 on page 420 for examples of
system interconnections.

For easy re-installation, label each end of the cables with the corresponding instrument
connectors.

418 Agilent E5505A User’s Guide



Test set rear
panel connection

50 Q load
termination

PC

PC Components Installation

Spectrum analyzer

° El
E

o
o00000

To test set
rear panel
CHIRP source

Digitizer
output J

XX

Digitizer
inputJ

<—

GPIB

Display

Figure 322 Test set connection, standard model

Agilent E5505A User’s Guide

E5505a_test_set_con1
05Apr 04 rev 1

19

419



19 PC Components Installation
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Figure 323 Test set (options 001 and 201) and downconverter connection

Step 9: Install Microsoft Visual C++ 2008 Redistributable Package use default
settings

Step 9a: Install Agilent 10 Libs
Step 9b: Run Agilent Connection Expert
Step 10: Install the Agilent 1/0 Libraries

Step 10a: Install Agilent 10 Libs

The Agilent I/0 libraries are on the E5500 Phase Noise Measurement software
DVD-R. Use this procedure to install them on the PC.
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If you re-install or upgrade the Agilent I/0 Libraries at a later date, you must also re-install
the E5500 Phase Noise Measurement Software after the |/0 Library installation.

To install the Agilent I/0 libraries

Step Notes

1 Make sure your PC and display are on.

2 Place the E5500 Phase Noise Measurement * A window appears with the contents of the

System software DVD-R in the PC's DVD-R CD. If the window doesn’t appear, navigate
drive. to the folder using the menu selections
Start/Run/Browse.

3 Double-click on the folder I0_Libraries.

Agilent 10 Libraries Suite 15.1 - InstallShield Wizard

License Agreement
Fleaze read the following licensze agreement carefully. l IO

AGILENT TECHNOLOGIES, INC. SOFTWARE LICENSE
AGREEMENT

ATTENTION: DOWNLOADING, COPYING, PUBLICLY DISTRIBUTING,
OR USING THIS SOFTWARE IS SUBJECT TO THE AGREEMENT SET

FORTH BELOW.

TO DOWNLOAD, STORE, INSTALL, OR RUN THE SOFTWARE, YOU
MUST FIRST AGREE TO AGILENT'S SOFTWARE LICENSE ¥

@i accept the terms of the license agreement

(O | do not accept the terms of the license agreement

[ < Back " Mest » l[ Cancel ]

4 After double clicking the execute file, the
install wizard shield should appear.

a Read and review Agilent Terms and
conditions. If you accept them, then select
Accept, followed by Next
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To install the Agilent I/0 libraries (continued)

Step Notes

Agilent 10 Libraries Suite 15.1 - InstallShield Wizard E'

Welcome to the InstallShield Wizard for Agilent
10 Libraries Suite 15.1

The InztallShield® wWizard will install Agilent 10 Libraries
Suite 15.1 on your computer. To coninue, click Mest.

<Back || Nest> |[ Cancel

5 Select Custom Installation and follow the
instructions in the Setup.exe wizard.

Agilent |0 Libraries Suite 15.1 - InstallShield Wizard
Setup Type
Chooze the setup type that best zuits your needs. I IO

Fleaze zelect a setup type.

() Typical

Recommended features for pour configuration will be installed.

Chooze the program features pou want to install. Recommended for
adwanced users.

< Back “ Mext > l[ Cancel
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To install the Agilent I/0 libraries (continued)

Step Notes

6 Select Agilent VISA as the Primary VISA

Agilent 10 Libraries Suite 15.1 - InstallShield Wizard

Install Agilent VISA
0

Agilent Y154 will be installed az the primany Y154 and in side-by-zide mode. |F you plan on installing
another company's %154 in the future, you may wish to clear the checkbox. For more information,
see the Agilent 10 Libranes Suite Getting Started Guide.

[#linstall &qgilent WISa az priman 58

[ < Back “ Mest > l [ Cancel

7 Accept Default settings for the remainder of
the screens.

Agilent 10 Libraries Suite 15.1 - InstallShield Wizard

Chooge Destination Location
Select the folders where Setup will instal files. l Io
Setup will install Agilent |0 Libraries Suite 15.0 and its companents in the following folders

Agilent 10 Librariez Suite Destination Folder

C:\Pragran Filez\Agilents|O Libraries Suite

W54 Destination Folder
C:\Program Filez\Y| Foundation'W/1Sa%

1%l Components D estination Folder
C:\Program Filez\Y| Foundation'/'

< Back ][ Mest > ][ Cancel

Agilent E5505A User’s Guide 423



424

19 PC Components Installation

To install the Agilent I/0 libraries (continued)

Step

Notes

Agilent 10 Libraries Suite 15.1 - InstallShield Wizard

Select Features

Select the features setup will install,

=] ent 10 Librar
[w] Agilent VIS4 as
Manuals

Sample Programs

90,13 MB of zpace required on the C drive
85017.81 ME of space available on the C drive

Select the features you want ta install, and deselect the features you do not want to install

[rescription

WISA, WISA COM, SICL.
Agilent 488, and the Agilent [0
Libraries Suite, together with a
wariety of drivers for forms of 10
commonly uzed with Agilent
instruments

" MHext > ][ Cancel

Agilent 10 Libraries Suite 15.1 - InstallShield Wizard

Start Copying Files

Review zettingz before copying files.

copying files.

Current S ettings:

Setup has enough information to start copying the program files. [ you want to review or
change any settings, click Back. If you are satisfied with the settings, click Mest to begin

10 Libraries Suite Directonies:

Selected Features:
Agilent VIS4 as primary
Matiuals
Examples

Core Product Directary: C:\Program Fileshagilentsl0 Libraries Suite
I*| Components Directory: C:\Pragram Files 1 Foundation'J4
WISA Directary: C:\Program FilzshY] Foundation® Wl Sa%

[ <Back | Instal | |

Cancel

8 This will rename the current visa file in “C:\
WINDOWS\system32" to “visa32.dll.bak”

Continue with the installation.

9 If the PC has not gone through a reboot,

then reboot it.

10 Navigate to the “C:\WINDOWS\system32”
directory and rename the “visa32.dll.bak”

file to “nivisa32.dIl”.
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Step 10b: Run the Agilent Connection Expert

19

Step

Notes

Agilent Connection Expert

Fle Edt Wiew IfOcConfiguration Tools Help

2 Risfresh Al

Task Guide

L%j Refresh this GPIB interface

@ Change properties
@ Changs the label
\'g Ignore
K oekete

fﬁ? Refresh al
|/ Add aninstrument

@) rondal comnact?
@ Howr do 1 get drivers?

Where can 1 find
programming samples?

Tasks for This Interface

1 Froperties

LN 5QFSADZPO1

General Tasks

More Information

S Com1 (asRLLY
S comz (asrL2)
D cpiso
e |

S Lan (TCPIPD)
<G useo

E Interactive 10 B Add Instrument 99 Add Interface 3¢ Delste

Instrument 10 on this PC Agilent 82350 PCI GPIB Interface - GPIBL
Refresh all

An Agilent GPIB interface card installed in a PCI slot in this computer

Q This item has been verified

Change Praperties..
VISA interface ID GPB1

Serial nurmber 00116300

GPE address: 21

Systen Controller:  Ves

SICLinterface ID; opib1

Logical unit: 8

Board number 1(GPBT)
Auto-discover Yes

Agilent VISA: The primary VISA library

1 Select the second of the two GPIB Cards,
“GPIB1". Click the “Change Properties”
button. The following screen will appear:

GPIE address:

Logical unit:

VISA interface |D:

SICL interface 1D

S\,rstem controller {recormmended)

v|
v
|gpib1 v|
E v

Auto—discouer instruments connected to this interface

[ Agilent 458 Properties. .. l

o4

Zancel

|

[ Help ]
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426

Step Notes

2 Change the GPIB address to “22", and
unselect the “System Controller” tick box.
Then click the “0OK" button. You may be
asked to re-boot the PC.

Agilent Connection Expert

File Edit View Lo configuration Tools Help
Z Reliesh Al 42 Undo 1 Piopeties BB Irteractive 10 BE Add Instument 9 Add Interface % Delete

. le A
Task Guide Tnstrument 170 an Agilent 82350 PCT GPIB Interface - GPIB1 -l

Tasks for This Interface An agilent GPIB interface card installed in 3 PCLslat in this computer
R ol A efres|

(2 Refresh this GPIS nterface = 8, soFsaoseol () Thi item has been verfiee
@ Change propertiss ,g COHLL R Change Properties..
g Comz (asRLZ)
g Change the label @ crie0
% crBL WISA interface ID: GRB1
@ Tgnore @ )
LaN (TCPIPD) Serial number: 00116300
Delet UsBo
K oekie Ed GPIB address 22
General Tasks System Controller. Ho 4
SICL interface 1D apib ]
@ Refresh all
Logical unit: &
|18y Add an instrument SoAtdlEiap et 1 (GFET} Agilent 488 Properties. .

More Information Auta-discover Yes

Q) How do L connect?

&) HowdoT get dilvers?

2) Where can find
programming samples?

4

Agilent VISA: The primany VISA librany

3 Right click the second of the two GPIB
Cards, “GPIB1”, and select the “Ignored”
state.

File Edt View ULO Configuration Tools Help

,,% Refresh Al 3 Undo 1 Propetties W Interactive 10 BR Add Instument 199 Add Interface 3¢ Delete

TnetHUiant T70 0N PC Agilent 82350 PCT GPIB Interface - GPIBL

Tasks for This Interface
Refresh Al

@ Refrech this GFIG interface = B, soFsaDHpOL @ ‘This item has been verified
-5 com1 (asRLL [ ;

@ Change properties g? t ) Change Properties. .

9 COM2 (ASRLE)
@ Change the label ﬁ GPIED
@ oorn @ WREHESh This Inborface | WISA interface ID: GPIB1

S LAY Change Properties Serial number: 00118300

Delatr o
K ooee B s e PIB address: 22
General Tasks Change Label Systern Controller Mo
- Add Tnstrument SICL interface ID: apib]
[ Refresh all L
Logical unit: 8
JI®EY Add an instrument ECarat Ay 1 (GRB1) Agilent 458 Properties. ..

More Information Auto-discover: Yes.

@ How do T cannect?

@ Haowe da 1 get drivers?

@ Whete can I find
programming samples?

v

Agilent VISA: The primary VISA library
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Step

Notes

4 The ACE display should now look like...

Agilent Connection Expert
Fle Edit View 1fOConfiguration Tools Help

T Refresh Al 483 Undo 7 Properties

I

Tasks for This Interface

Z Change praperties
@ Change the label

Refresh All

= B, soFsaDKPOL
S5 Comi (ASRLL)

3 Comz (ASRLZ)

() what s the gnored state?
(&) Howdolcomnect?
&) Howdo T get driverst

g) Where can I find

PIOOREMINg Samples?

EW Interactive 10 B Add Instument 199 Add Interface 3 Delete

Agilent 82350 PCI GPIB Interface - GPIB1 i

An Agilent GRIB interface card installed in a FCI slot in this computer

@ This item will nat b verified becaus it is marked as ignored

@ Stop ignaring A crien
x o 5'9 GRIBL VISA interface |0 GPIB1
elets
S Lan (TpIPO) Serial number: 00116300
UsED

Fontral Tosks E GPIB address: 22

@ S Systern Controller No
SICL interface D gpib1

IIE! add an instrument

Logical unit: 8

More Information Botpi b 1 (GPET) Agilent 438 Properties.. .
Auto-discover: Yes

Change Properties..

%

AgilentVISA: The primary VISA library

Step 11: Install the E5500 Phase Noise Measurement software.

Use this procedure to re-install the E5500 software on your system PC.

To install the E5500 software

Step

Note

1 Make sure your PC and display are on and the
E5500 Phase Noise Measurement System
software DVD-R is in the PC’s DVD-R drive.

2 Navigate to the DVD-R contents folder using
the menu selections Start/Run/Browse, and
select the DVD-R drive.

3 Double-click on Setup.exe.

* You can also open and close the DVD-R
drive to cause a window with the DVD-R
contents folder to appear.
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To install the E5500 software (continued)

428

& E5500 Phase Noise

fie Edt View Favortes Iooks  Help

wizard.

Step Note
=163
File Edit Mew Favorites  Tools  Help .-z"
e Back - “-j |1: 7’ ) Search [l _ Falders v
: Address | oy v| Gt
A Mame - Size | Type Date Modified
CD Writing Tasks | (S agilent_I0_Libs File Folder 08032009 10:32
@ T R — @Documents Ffle Falder 0g/09/2009 10:32
; |C3)ESS00 File Folder 08/09/2009 10:32
[ Erase this CD-RW {23 Intlligant Instrumentation File Folder 08092009 10:32
| Microsaft Yisual C++ 2008 Re... File Falder 05/09/2009 10:32
. ICINI_Software File Folder 03/09/2009 10:32
File:and Folder Tastl |5y Redist File Falder 08/09/2009 10:32
@ Publish this Folder to I visa File Folder 08/09/2009 10:32
the Web } autorun.inf 1 KB  Setup Information 04/08/2009 11:30
E} Share this Folder FQ License, bxt 4 KB Text Document 04/08/2002 11:30
@ Readme, txt 6KE Text Document 2710812009 13:55
= rg Recovery.bxt 1KE Text Document 04/08/2002 11:30
Other Places  Setup.exe 28,078 KE  Application 01,/09/2009 10:19
o My Compuiter
[E:j My Documents V< >
Follow the instructions in the installation * Accept the default settings.

When finished, double-click the EB500 Phase °* The software places the E5500 Phase

Noise folder now on the PC desktop to open

it.

Noise folder on the desktop as part of the

installation process.

Copy the Eb500 User Interface (Ul) shortcut  * This provides easy access to the E5500

and the E5500 Shutdown shortcut to the PC

desktop.

(@) B
&) © ¥ P

Folders | [37]-

Address |23 Ci\Documents and Settings\All Lisersistart MendProgramsiagiient Subsystems|ES500 Phase Hoiss ~ | Go

File and Folder Tasks

(& Move the selected
Items

1) Copy the selected
items

&) Pubiish the selected
items ko the Web

() E-mail the selected
itemns

¥ Celete the selected
items

Other Places

I Agient Subsystems
(5} My Documents

(=) Shared Documents
W My Computer
N My Network Places

Asset Control Panels Documents

5500 Asset Manager
rhut

i g

ESS00 Help
Shortedt
2K

ESS00 Readme
shorteut
2KB

ES500 SCPI Assistant:
Shorteut
2K

CP1 Help
horteut
ZKB

500 SCPL Interfars
i

ESS00 Web Page
Internet Shartcut

software and the Shutdown utility.
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To install the E5500 software (continued)

Step Note
7 Restart the PC.

Step 12: Asset Configuration

An asset is any piece of hardware that you want to configure for system use
(N5500A, for example). An asset role is the general category of the hardware
(test sets, downconverters, counters, and so on.) In the E5505A phase noise
system, the Asset Manager serves to configure the system instruments. This
section describes how to set up and use the Asset Manager.

Setting Up Asset Manager

Before you use the Asset Manager to configure your system instruments, you
may need to take it out of Demo Mode. (Asset Manager runs in Demo Mode on
initial installation or if it is installed on a PC to which no system instruments
are attached.) You must invoke the Asset Manager to determine if it is in Demo
Mode.

To set up Asset Manager

Step Note

1 Navigate to the Asset Manager by selecting * You can also invoke the Asset Manager
Start/Programs/Agilent Subsystems/E5500 from the E5500 software main menu. From
Phase Noise/E5500 Asset Manager. the menu, select System/Asset Manager.

@ Set Program Access and Defaults

W5 Windows Catalog
% windows Update

) Aecessories

I Adobe

) Aglent 1O Libraties
5 »

I Agilent Visa Com 10 I Documerts *

) Ahead Nera @ ESS00 User Interface

2, Set Program Access Jf [T Games

L3
»
»
»
3
»
» St
Defauls -

() National Instrumerits 3 ©) ESS00Help
»
5
L3
»
»
»

[£] ESS00 Readme
ESS00 SCPI Assistant
©) ES5005CPI Help

(b) ‘hindowis Media Playg T Startup

) Ulead DYD MovieFactary 2

@ Tour windaws %0 | [ vienp

= @) wirbond HWDortor
‘:"s% indaws Movie Hal
& {0 Windows Preinstallation Kit

#N Flles and Settings Trf] [T ¥rite DVD!
Sapar) @ 1ntemet Explorer

|;’ wordpad (5 Outlock Express

o Remote Assistance

LT A € windows Media Player
!]Lz.gcufr @] o

W ESS00SCPI Interface
¥ E5500 Shutdawn
2] ESS00 Yeb Page
4 Uninstall Aglent ES500
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To set up Asset Manager (continued)

Step Note
@ Untitled - Agilent E5500 Phase Noise Measurement Subsystem
File Edb View Define Measure Anabyze o Help
0|2 |
|18 8B 2 KD 8) ey
Agilen  assst Cantrol Panels » bize Measurement
 iglent ESS00_ Capir, S00E+g | o7 Ver Harduare Connections... 4 1) 1007 165157 165319
1 - Select Server... -
E Tritiste Sef Test 3
i 3
e -
7 |
B0 I -l
ogE AN [ 3
100F U\ AN 4
-110f ]
S20e S J
e T 3
s
-1 o= .|
1705 =
1 il jul) 1K 10K 100K 1M 100
L) [dBc/Hz] ws £ [He]
Launch Asset Managsr LOCAL IDLE

2 From the menu, select Options and deselect * If the Asset Manager is in Demo Mode,
Demo Mode. the left pane shows a graphic with the
word DEMO. If it is not in Demo Mode, the
left pane shows a list of assets.

o Asset Manager E =] EJ
Server Asset  Options  Help

=8 | [ | @ X

Froperty T vale ]

=

1

For Help, press

3 Close the Asset Manager.

When Asset Manager is invoked from the E5500 main menu, you must restart the E5500
NOTE . .
software for any configurations changes to take effect.
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Configuring the Phase Noise Test Set

Now that you have taken the Asset Manager out of Demo Mode, use it to
configure an instrument. This procedure shows you how to configure the

phase noise test set.

1 Double-click on the E5500 Phase Noise desktop * This invokes the E5500 software and the
shortcut. main phase-noise-graph screen appears.

2 From the menu, select System/Asset Manger. ¢ This invokes the Auto Asset Wizard.

3 Click on Asset Wizard on the Auto Asset
Wizard dialog box.

etlei] wo[s]s] ] -] ©) ]

] Baseband Source Property Walue
| Counter fisset Name:
Downcanverter Interface:
FFT Analyzer “ddﬁss: N
Phase Shifter Modelbmier;
Serial Mumber:
;] Saurce REwEs
Pl et Auto Asset Wizard
E] Test Set
[©] Time Base YYou do not Rave shy assels configured for this Asset Server

This generally happens after a new installation. \would pou
like to start the Asset 'Wizard and configure pour assets?

Cancel

{ BsetWizard |

For Help, press F1

4 Select Test Set from the Asset Type drop down * In the Choose Asset Role box
list and click Next.

Choose Asset Role

“t'ou are now adding a new asset. Please select the role
you want for this azset:

Azzet Tupe: JEEREES

< Bk I Hest > I Cancel I Help I

5 Confirm that Agilent/HP 70420A/N5500A * In the Choose Supporting ACM box
appears in the pane, then click Next.
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X

Choose Supporting ACM

You st select from the fallowing list the testset
model number you want to uze.

If wou do ot zee the model number you want to uze,
yal will need ta inztall & new or updated Azset Control
Module. This can be done by installing an updated
werzion of the subsystem which supports your device,

Agilent/HP 7042068,/ME5004

< Back | Mest » | Cancel ‘ Help |

6 In the Interface field, select GPIBO from the * In the Select Interface and Address box
pull-down list. * Table 74 on page 438 shows the default
device addresses.

7 In the Address field, type 20, the default
address for the test set.

8 In the Library field, keep the default and click * The Library field does not apply to this
Next. example. It applies specifically to the
GPIB interface card.

Select Interface and Address &]

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

Interface: |GPIED -
Address: 12[‘

Library: iAgiIant Technologies VIS4 LJ

< Back | Mest » | Cancel I Help |

9 Type Agilent N5500A or Agilent 70420A, in the * In the Set Model & Serial Numbers box
Asset Name field, depending on your model.

10 Type the serial number in the Serial Number * The serial number of the Nb50A test set
field and click Next. is found on the rear panel. On the 70420A
it is found below the front panel.
* This entry is optional.
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Set Model & Serial Numbers

You will need to enter pour aszet's name and serial
number;

< Back | Mest » | Cancel J Help
11 Type a comment in the Comment field, if .

desired.

Enter A Comment

The comment associates itself with the

asset you have just configured.

Congratulation:! You have added a new azzet ta your
aszzet server, |f pou would ke, you may enter an asset
comment for your awn uge,

Qnce pou return o the main screen, you may alzo want
to perform an I/0 check on this asset. Y'ou can do this
by uzing the check mark icom.

“r'ou can type a comment here.
Comment;

Cancel

< Back | Finizh |

Help

X

12 Click Finish.

* The Asset Manager window appears.
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13 View the test set information in the Asset * The left pane shows the list of asset
Manager window and confirm that it is correct. roles and assets. The right pane shows
the asset information. The right pane is
information only. The left pane is active.

. Asset Manager

Server Asset  Options  Help
=EH & 0\ ¥ v| M| B B2
;L-J Baseband Source Property Valug
| Counter Asset Name: Agllent/HP 704204/N5500A
Diowincorerter Interface: GPIBO
FFT Analyzer Address: 20
| o Padel Number: agllent/HP 704204/N5S00A
il Serial Number: 123456
[ source ACMID: {BCFBE473-9AFF-11D0-80B3-008024603346)
% Swept Analyzer ACH Filename: CHAPROGRA~ 1| Agilent|MEASUR~1\ESS00P~11HPFO420. exe
[ @] Test Set Library: prhpvisa32.dl
AdgilentfHP 704204155004 | Comment: You can byps a comment here.
I—Q_S] Time Base
< >
For Help, press F1 Local Server

14 To change information about an asset,
double-click on the asset in the left pane and
change the information in the box that appears.

You have just used the Asset Manager to configure the N5500A test set. The
process for configuring any asset is essentially the same. Repeat this
procedure for all of the assets that you wish to add to your N5505A system.

You must add the test set and the PC digitizer to perform the confidence test
(see “Performing a Confidence Test" on page 39). The PC digitizer
configuration procedure follows on page 435.

Table 74 on page 438 contains the default GPIB addresses for the instruments
in the system.
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This procedure shows how to configure the PC Digitizer using Asset Manager

Wizard from within the Asset Manager. This is the most common way to add

assets.

1 From Asset Manager click Asset, then click Add. See Figure 324.

1] TN | || ] |

Propetties

Dow Check Azset
i o—
Phase Shifter

] Source

Swvept Analyzer
Test Set

HP-T0420

@] Time Basze

Property | Valug

Azt Name:
Interface:
Address:
haclel Mumber:
Serial Mumber:
ACHM ID:

ACM Filename:
Libratry:
Comment:

Add & new asset to the cument server

|Local Server

Figure 324 Add assets

2 From the Asset Type pull-down list (Figure 325 on page 435), select FFT

Analyzer, then select Next.

Choose Asset Role

Yau are now adding a new
yau varit far this azset:

Azzet Type: ||ERREGEEE

| Mewt » |

azzet. Pleaze zelect the role

Help

Cancel

X

Figure 325 Choose asset type
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3 In the Choose Supporting ACM dialog, click on ITI PCI20428W-1, then click
the Next button. See Figure 326.

Choose Supporting ACM

Yiou must select from the fallowing list the FET
analyzer model number pou want to uze.

|f vou do not zee the model number vou want to use,
you will need to install a new or updated Azzet Control
todule. Thiz can be done by instaling an updated
verzion of the subsystemn which supports vour device.

Agilent/HP 894704
Agilent/HP E14304
AgilentHP E14374,
HPF 35614

|| PCI 2042801

< Back | Mest » I Cancel Help

Figure 326 Select supporting ACM

4 In the Select Interface and Address dialog:
a Select PCI From the Interface pull-down list.

b Type 320, the default address for the 1120428 PC Digitizer, in the
Address box. Table 74 on page 438 shows the default device addresses.

¢ The Library pull-down list does not apply to this example. It applies
specifically to either the Agilent GPIB or the National GPIB interface
cards.
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Select Interface and Address

“ou will now need to select the interface through which
you will talk to the azset and the aszet's addreszs on that
interface:

Interface: |GPIBO »
Addrezs: 12[1

Library: i.&gileanechnDIDgiesVlSﬁ-\ :J

< Back | Mewt » | Cancel Help

Figure 327 Choose the interface and address for the PC digitizer
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Default GPIB addresses

Table 74 shows the default GPIB address for each instrument in the system.

Table 74 Default GPIB addresses

Instrument GPIB Address
Test set 20
Downconverter 28
Microwave downconverter 28
RF analyzer 17
FFT analyzer (PC digitizer card) 1
FFT analyzer (89410A) 18
Source # 1 19
Source # 2 23
Counter 3
Agilent E1430 VXI digitizer1 129
Agilent E1437 VXI digitizer1 192
Agilent E1420B VXI counter’ 48
Agilent E1441 VXI ARB! 80
Agilent GPIB slave Port 22

1 The E5500 software supports this instrument although it is not part of the standard E5505A system.

If an address is a single digit address, for example (3), do not add a leading zero
(03) to the address. The phase noise software treats these (3 and 03) as different

addresses.

5 Select Next.

6 In the Set Model & Serial Numbers box (Figure 328):
a Type II PCI20428W-1 in the Asset Name box.
b Type the serial number for your PC Digitizer in the Serial Number

(optional) box.
7 Select Next.
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Set Model & Serial Numbers

You will need to enter your azzet's name and serial
number:

" isset Name: [N PCIBTT1-1
it 1 Sefial Nurnber [optionall: | 123456789

< Back | Hest > |

Cancel I Help

PC Components Installation

B4

Figure 328 Choose model and serial number

8 From the Baseband Source pull-down list in the Select FFT Analyzer
Options box, select (internal). See Figure 329. This designates the noise
source on the PC Digitizer board as the noise source to be used for
loopsuppression verification suppression verification.

Select FFT Analyzer Options

You will need ta zet the B azeband Source setting far your
particular analyzer.

Optionz:

Baseband Source [intermal) hd

int=mal]

< Back | Hest » |

Help

Cancel J

Figure 329 Select (internal) in baseband source

9 Click the Next button.
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10 You can type a comment in the Enter a Comment box (Figure 330). The
comment associates itself with the asset you have just configured.

Enter A Comment

Congratulations! vou have added a new azzet to your
azzet server. [f pou would ke, pou may enter an asset
comment far your owen use.

Once you return to the main soreen, vou may alzo want
to perform an /0 check on thiz azset. Tou can da this
by uzing the check mark. ican,

Comment;

F'ou can type a comment here.

< Back | Finizh | Cancel Help

3

Figure 330 Enter a comment about the configured asset

11 Click the Finish button. The Asset manager window appears. See

Figure 331.

2. Asset Manager

Server Asset  Options  Help

=i

&l o|@|x| v| m

=

2 ¥

2{] Baseband Source
== Counter
31 Downconverter
ﬂ FFT analyzer
MIPCI6L11-1
Phase Shifter
2:] Saurce
Swept Analyzer
% Test Set
Agilent/HP 70420455008

@] Time Base

< | &
Far Help, press F1

Property
Asset Mame:
Interface:
Address:
Model Muriber:
Serial Number:
ACM IO

ACM Filename:
Library:
Cornment:

Yalue

MIPCI&111-1

PCI

320

MIPCI&111-1

123456759

{31C9DFC4-4464-4DC5-BA0-9ZABEDEEACER]
CHPROGRA~ T AgilentMEASUR~ 11 ESS00P~ 1\ NIPCIE~1, EXE
prhpvisa3z, dil

Local Server

Figure 331 Asset manager screen showing configured PC Digitizer
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You have just used the Asset Manager to configure the PC digitizer. The
process for configuring the test set and PC digitizer is the same process you
use to add software-controlled assets to the phase noise measurement system.

Configuring the Agilent E4411A/B (ESA-L1500A) Swept Analyzer

1 To configure the E4411A/B Swept Analyzer, follow the same steps you used
to configure the test set. (Refer to “Configuring the Phase Noise Test Set" on
page 431.)

2 In the Select Interface and Address box, use 8, the default GPIB address for
the E4411A/B. (Table 74 on page 438 contains the default GPIB addresses
for the system instruments.)

3 Click Server, then click Exit to exit the Asset Manager.

Step 13: License Key for the Phase Noise Test Set
Use this procedure to enter the keyword for your phase noise test set.
If you have ordered a preconfigured phase noise system from Agilent Technologies, skip

this step and proceed to “Powering the System On" on page 36.

1 Make sure your computer and display are on.

2 Referring to Figure 332, navigate to the E5500 Asset Manager.

@ et Program Access and Defaulks

W Windows Catalog
W windows Update

A [T Asset Control Panels — »
i) Documents »
@ ESBO00 User Interface

[T Mational Instruments
@) Startup
[T Ulead DVD MovieFactory 2

@ Tour windows 48 | () wipre

c i) Winbond HWDeckor
WeRL Windows Movie M .
*& nelows Movie MaN ) windows Preinstallation Kit

w Files and Settings Trafl () Write DVD!
=, M B Internet Explorer

) ESS00 Help
[£] ES500 Readme

ES500 SCPI Assistant
@) ESS00 5CPI Help

W ESS00 SCPI Interface
% ESS00 Shutdown

&) ESS00 Web Page

&0 Uninstall aglent ESS00

[ wordead 41 Outhook Express
= o Re

T o

Figure 332 Navigate to E5500 asset manager

3 Click Options, and then click License Keys. See Figure 333 on page 442.
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442

2. Asset Manager

Server  Aszek N8 Help

=E 63 |

Do Mods
2;'] Baseband Sourees——

%] Counter

Downconverter

ﬁ FFT Analyzer
NIPCIE111-1

E Phase Shifter

2:_] Source

& Swept Analyzer

Adgilent/HP E44116

[h] Test set
Agilent[HP 704204/NS5008
@] Tirne Base
£ >

Aszel Mame:
Interface:
Address:
Model Mumber:
Serial Number !
ACM IO

ACM Filenarne:
Library:
Comment:

Manage License Keys

agilent/HP E441 1B
GPIBO

Agilent/HP E44118
{5CAS445E-A4CE-11D2-A3D3-00A02471CEAT}

CHPROGR A1 Agilent MEASUR -~ 1\ESS00P~ 1\ HPESA, e
prhprisazz.dl

Local Server

)0
-] 2wl
-Jroperty Walue

Figure 333 Navigate to license keys

The license key for your system is unique and may only be used with a specific N5500A
test set serial number. The license key may be found both on your license-key document
and in the file “license_key.txt" on the License_key floppy disk provided with your system.

4 Enter the license key for your phase noise test set and click the Set button.
Use Licence_key.txt described in the next steps to facilitate entering your
license key into the licensing dialog box.

a Insert the E5500 License Key disk in the computer.
b Using Notepad, load License_key.txt. See Figure 334 on page 443.
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license_key.tat

1 v 1 v 1 v 1 v 1 v 1 1 v
Custower Name: Your Comwpany Name

Froduct Number: ES501E 1FF

Product Nsaoe: Phase Noise Test 3ystem

ACM's included in the license key:

E54814 LTUO ACHM sw PC Digitizer
E54834 LTU ACH sw E44114 RF34
Date of EEYWORD release: 05 Aug 1997
KEYWORD: LENG+rul-j+hagNTE-f505EGEv-SzXFoaoy

IMPORTAMNT: EKEVWORD must be entered exactly as presented or the software
will fail to operate correctly.

Figure 334 License_key.txt

¢ Highlight the keyword in the License_key.txt file and copy it to the dialog
box as shown in Figure 335.

Licensing

Pleaze enter the icenze key vou have received from Aalent Technologies.
[f you nieed to retrieyve another copy of thiz key, refer ta the Customer
Support zection of the Lser's Guide.

License Kew |LZME+T j+aqM TEAGcBkw T v-AHFoand Set

Authorized todules

Claze

Figure 335 Copy keyword into license key field

d Click the Set button.

The dialog box displays a message confirming licensing or indicating that
there is a problem. See Figure 336 and Figure 337 on page 444.
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Licensing

Fleaze enter the licenze key you have received from Agilent Technologies.
[f pou need to retiieve another copy of this key, refer to the Customer
Support zechion of the User's Guide,

Licenze Fey | LEZME+ -+HagM TEAScBEMWT v-/bFoaoy

Authorized Modules
Al Modules Licenzed

Cloze |

Figure 336 Licensing confirmation

Asset Manager Error E|
L] E Unable ta werify license key,
"
DK

Figure 337 Licensing error

b Perform the PC Digitizer Performance Verification procedure in Chapter 20
to ensure that the digitizer and adapter are functioning properly.
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.‘Q.. PC Digitizer Performance Verification
° ® ©
° ® ¢ Verifying PC Digitizer Card Output Performance 446
° PC Digitizer Card Input Performance Verification 451

This chapter contains information and procedures for verifying the
performance of the NI-DAQ PC digitizer card (PCI-6111) and PC digitizer card
adapter.

Agilent Technologies a



20 PC Digitizer Performance Verification

Verifying PC Digitizer Card Output Performance

This procedure verifies the output performance of the PC digitizer card and
adapter. Perform this procedure periodically to ensure the proper functioning
of these two components, which affect measurement accuracy.

Required equipment
¢ Multimeter or oscilloscope (for reading output voltage)

To verify the PC digitizer card input’s performance

Step Notes

1 Turn off the phase noise software.

2 Connect the PC digitizer card adapter’s * See connection diagram below.
output to the input of either a multimeter or
oscilloscope.

Oscilloscope
(Optional)

Multimeter

MOTE:
mmmm |ndicalas optional cable

Digitizer Input
(Top Connector)

Function Generator

B

PC

Digitizer Output
(Bottormnm Connector)

N,

3 Open the NI-DAQ Measurement and * Path: Start\Programs\National
Automation Explorer application. Instruments\Measurement & Automation
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To verify the PC digitizer card input’s performance (continued)

Step Notes

I Accessaries
1) Administrative Tooks
1) Agilent IO Libraries
i) Agient Subsystems
1) Agilent Viss Com 1o
1) Ahead Nera

Ty v vy T vy or

& stumerits ) Datasockst 4

I Printie Internet Printing — # | [F) TvI »
@ Set Program Access and Defaults @ startup > @ mong '

I7) Ulsad DVD MovisFactory 2 # () NI-SWITCH b
§ windows Catalog 1) vdpnp b () Session Manager b
r ) wirice VD1 v @) visa v
% Windows Lipdate [ Adobe Reader 8.0 8

. Remote Assistance ® MIspy
iz e &) windows Medis Playsr o ServerExplorer

ng Dacuments »

B) Settings »

j-) Sesrch 3

Help and Suppart

Run...

Log OFf Administrator, ..

Windows XP Professional

BE Qe

Shut Dawn. ..
m E5505a_ni_daqg1
11 Jun 04 rev 1
4 Double-click Devices and Interfaces in the
Configuration content frame.

Configuration

- @ My Swskem
+ [rata Meighborhood
+ and Interfaces

+ Scales

+ Software

+ IVI Drivers
+ g Remaote Syskems
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To verify the PC digitizer card input’s performance (continued)

Step Notes

5 Double-click on Traditional NI-DAQ Devices,
then select PCI-6111.

= g My Svskem
+ Data Meighborbood
= Devices and Interfaces
- Traditional MI-DAQ Devices
- JPCI-E111 (Device 1)

+-PE PRI System (Unidentified)
+ __l,f Paorts (Serial & Parallel)
+ [ Scales
+ Software
+ VI Drivers
+ g Remote Syskems

6 Click the Test Panels... button.

\/

_ F‘ru:uperties. o Delete Test Panels. .,

Attribute | walue | Dt
sod EDevice Mumber 1 Tt
stfaces Y zerial Humber 01 0SEBAT TH
I-Dady Devices
1 {Device 1)

Unidentified)
& Parallel
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To verify the PC digitizer card input’s performance (continued)

Step Notes

7 Select the Analog Output Tab.

\4

Analog Input |Analog Uutput] Eounterl.-’D] Diigital 10

Channel:

g =] 10005
m =] 1000

Input Limits

High: [10.0000
Lowe: [10.0000

I
I

A0.00-]
1210 1310
Data Mode
(" Strip Chart Y Scale Mode Average Reading
" One Shot " Auto Scale iDDDT
™ Continuous f* Full Range

8 Select DC Voltage output mode.

Analog Input  Analog Output l Counter /0 ] Digital 140 ]

=

Output Made LChanrel 5election:

ER—

™ Sine Generator

DCYoltage
0.000000 Jj
] i o]
-10.0v 0.0 10.0v

Update Channel JZI

Agilent E5505A User’s Guide 449



20 PC Digitizer Performance Verification

To verify the PC digitizer card input’s performance (continued)

Step

Notes

9 Enter +10 V in the DC Voltage window.

Analog Input  Analog Output ] Counter /0 ] Digital 140 ]

Output Mode LChannel Selection:
+ DCYoltage 0 =
" Sine Generator
DCYolage
|:> 10.00 =
=]
oo 10.0v
=zl

10 Click the Update Channel button.

11 Confirm that the multimeter or oscilloscope
reads +5 V (£10%).

12 Enter —10 V in the DC Voltage window.

Analog Input  Analog Dutput l Counter |10 ] Digital | /0 ]

LChannel S election:

ER—

Output Mode
' DCVWalkage

" Sine Generator

DCYoltage

* PC digitizer adapter output specification is
+5V, £10%.

13 Click the Update Channel button.

14 Confirm that the multimeter or oscilloscope
reads -5 V (£10%).

* PC digitizer adapter output specification is
-5V, £10%.

450
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PC Digitizer Card Input Performance Verification

This procedure verifies the Input performance of the PC digitizer card and
adapter. Perform this procedure periodically to ensure the proper functioning
of these two components, which affect measurement accuracy.

Required equipment

Function generator
¢ Frequency: 2 MHz
e Calibrated peak to peak

To verify the PC digitizer card input’s performance

Step Action

1 Connect the PC digitizer adapter’s
input connector to the output of the
function generator.

Oscilloscope
(Optional)

Multimeter

MOTE:
=mmm |ndicales opltional cabla

Digitizer Input
(Top Connector)

Function Generator

PC

B @ -

Digitizer Outpunt
(Bottom Connector)
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To verify the PC digitizer card input’s performance (continued) (continued)

Step Action
2 Open the E5505A phase noise * Path: Start\Programs\Agilent Subsystems\E5500
software. Phase Noise System\E5500 User Interface
T Activate Windows
@ Set Program Access and Defaults
% Windows Catalog
% windows Update
) Accessories >
I Agilent 10 Libraries 3
f Agient S s 3 [T Asset Control Parels — »
© Internet (7 Agienk Visa Com 10 v [ Documents »
Internet Explorer | (@) Ahead Nero 3 (3 ESS00 User Interface
W E-mail 1) Games 14 8 ESS00 Asset Manager
Outlock Exprss I Mational Instruments 3 @) Es500 Help
m » E
® [ /) startup (] ESS00Readme
{7 Ulead DYD MovisFactory 2 3 ESS500 SCPI Assistant
\1 MEN Explorer ) ¥ionp » ©) ESS00 SCPIHelp
7
) tindows Preinstallation Kit 3 L ESS00 SCPI Interfare
® Windows Media Playdl [77) write VD 3 ¥ E5500 Shutdown
st Frogam Aacecs [Z} Acrohat Reader 5.0 &) ES500 weh Page
Defauts @& Tntemet Explorer 3 Urinstal Agilent ES500
s
‘8 Windows Messengerl| % 1o EXPrEr
[4) Outlook Express
@ Tour Windaws #P || g Remote Assistance
& windows Medis Flayer
1 Yo Hessnge

3 Click FFT Analyzer Check 1/0 button * Path: System\Server Hardware Connections
in Server Hardware Connectionsto < A green check-mark appears on the button to
verify the PC digitizer's connectivity. confirm connectivity. If a red circle with a slash
appears, check hardware connections and try
again.
Agilent E5500 Server Hardware Connections &3]
General Assets | Sources |

Test Set Frequency Counter

FFT Analyzer -

| [inorel E =

Swept A :

i;aj |trone) ~| |

Down Corverter
2] [fnonel - I =l

Phase Shifter

i |
Asset Manager

Close Help

4 Configure the function generator * Frequency: 100 kHz
using the appropriate keys on the * Amplitude: 100 mV peak to peak
Instrument. * For instructions, refer to the function generator’s

user's guide.
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To verify the PC digitizer card input’s performance (continued) (continued)

20

Step

Action

5 Select the FFT Analyzer Asset
Control Panel.

%, ES500 FFT Analyer

Path: System\Asset Control Panels\FFT Analyzer

el

1 i R 1
St 0 H2 Slagr 2 (IMHy

Srrep Wit

& Contirueun| | Frequansy |100E] “iHe | aus Range

o x Ellz
ﬁr\lt.l'.m."i"-' “H:
Sist Fismemnzy |0 ue
1o Fismuercy _ﬂ"!

Cardme Foagy Sing [1E=3 _%'n.—
Membdon e’ [1DEM w;
Gy Tiews |2WE & Sa

Frwwrage
I [mstie Eoliveisges||

Hakn
C e || P Enathe [FE]| MedPe| | 7 Femener © Tee b | e o]

v Type

Akerd

For Help, prana F1

6 Configure the FFT Analyzer's Asset
Control Panel.

7 Connect the PC digitizer adapter’s
input connector to the output of the
function generator.

8 Click the Peak button.
9 Reconfigure the Function Generator.

10 Click the Peak button.

11 Close the FFT Analyzer's Asset
Control Panel.

Span: 0 to 2 MHz
Window Type: Flattop
Sweep: Continuous
Marker: Enable

See diagram in step 1 on page 451.

The Frequency screen should reflect the 100 kHz
power specification: —29.00 dBv, £ 0.25 dBv

Frequency: 1.99 MHz
Amplitude: 100 mV peak to peak

The Frequency screen should reflect the 1.99 MHz
power specification: —29.00 dBv, £ 0.5 dBv

This concludes the procedure.

Agilent E5505A User’s Guide

453



20 PC Digitizer Performance Verification

454 Agilent E5505A User's Guide



E5505A Phase Noise Measurement System
User's Guide

21
Preventive Maintenance

Using, Inspecting, and Cleaning RF Connectors 456
General Procedures and Techniques 460

Agilent Technologies

455



21 Preventive Maintenance

Using, Inspecting, and Cleaning RF Connectors

456

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.

Repeatability

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 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.

RF Cable and Connector Care

Connectors are the most critical link in a precision measurement system.
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.
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* 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.

¢ C(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.

e If 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 Torque

¢ Provides more accurate measurements
¢ Keeps moisture out of the connectors

¢ Eliminates radio frequency interference (RFI) from affecting your
measurements

The torque required depends on the type of connector. Refer to Table 75.
Do not overtighten the connector.

Never exceed the recommended torque when attaching cables.

Table 75 Proper Connector Torque

Connector Torque cm-kg Torque N-cm Torque in-lbs Wrench P/N
Type-N 52 508 45 hand tighten
3.5 mm 9.2 90 8 8720-1765
SMA 5.7 56 5 8710-1582

Connector Wear and Damage

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.
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SMA Connector Precautions

Use caution when mating SMA connectors to any precision 3.5 mm RF
connector. SMA connectors are not precision devices and are often out of
mechanical tolerances, even when new. An out-of-tolerance SMA connector
can ruin a 3.5 mm connector on the first mating. If in doubt, gauge the SMA
connector before connecting it. The SMA center conductor must never extend
beyond the mating plane.

Cleaning Procedure

1 Blow particulate matter from connectors using an environmentally-safe
aerosol such as Aero-Duster. (This product is recommended by the United
States Environmental Protection Agency and contains tetrafluoroethane.
You can order this aerosol from Agilent (see Table 76).)

2 Use alcohol and a lint-free cloth to wipe connector surfaces. Wet a small
swab with a small quantity of alcohol and clean the connector with the
swab.

3 Allow the alcohol to evaporate off of the connector before making
connections.

Do not allow excessive alcohol to run into the connector. Excessive 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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Table 76 Cleaning Supplies Available from Agilent

Product Part Number
Aero-Duster 8500-6460
Isopropyl alcohol 8500-5344
Lint-Free cloths 9310-0039

Small polyurethane swabs 9301-1243

m Cleaning connectors with alcohol should only be performed with the
instruments’ mains power cord disconnected, in a well ventilated area.
Connector cleaning should be accomplished with the minimum amount of
alcohol. Prior to connector reuse, be sure that all alcohol used has dried, and
that the area is free of fumes.

m If flammable cleaning materials are used, the material should not be stored, or
left open in the area of the equipment. Adequate ventilation should be assured to
prevent the combustion of fumes, or vapors.
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General Procedures and Techniques

This section introduces you to the various cable and connector types used in

the system. Read this section before attempting to remove or install an
instrument! Each connector type may have unique considerations.

Always use care when working with system cables and instruments.

Turn Counter-Clockwise fo 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.

GPIB 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 Turn Gold Hex Nut.

conn1e88.cdr

Precision 3.5mm Connector (Gold Hex Nut) A

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.

To Reinstall:

1. Push in and turn Clockwise 1/4 turn.

BNC Connector

Figure 338 GPIB, 3.5 mm, Type-N, power sensor, and BNC connectors
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Connector Removal

GPIB Connectors

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. It is 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.

Precision 3.6 mm Connectors

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 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 (Agilent part number 8720-1765). Semirigid
cables are metal tubes, custom-formed for this system from semirigid coax
cable stock.

3.5 mm Connectors with a gold hex nut

The semirigid cables that go to 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 slightly
until alignment is correct for the connectors to mate. When the two connectors
are properly aligned, turning the instrument’s connector body will pull in the
semirigid cable’s connector. Tighten firmly by hand.

3.5 mm connectors with a silver hex nut

All other semirigid cable connectors use a silver-colored nut that can be
turned. To remove this type of connector, turn the silver nut counter-clockwise
with a 5/16 inch wrench.
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When reconnecting this type of cable:

e Carefully insert the male connector center pin into the female connector.
(Make sure the cable is aligned with the instrument connector properly
before joining them.)

¢ Turn the silver nut clockwise by hand until it is snug, then tighten with an 8
inch-1b torque wrench (part number 8720-1765).

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.
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Instrument Removal

To remove an instrument from the system, use one of the following
procedures.

Required tools

e #2 Phillips screwdriver
e #2 POZIDRIV screwdriver

Standard instrument

To remove an instrument from a rack

Step Notes

1 Turn off system power, but leave the system * If you do plan to turn computer power off
computer turned on. for any reason, have the computer system
administrator:
* Shut down all running software.
* Shut down the computer.

2 Read “General Procedures and Techniques”, * Most cables are fairly easy to remove and
then disconnect all cables on the front and on reconnect, and have no special
the rear panel. considerations (besides making sure you

put the cables back in the right place).

* Semirigid cables require more care,
especially when reconnecting them.
Make sure all semirigid cables, on the
front and back of an instrument are fully
disconnected before removing the unit.

3 When all cables are disconnected (including
the power cord), remove the screws in the
instrument’s rack “ears” that hold it in the
rack.

4 Slide the instrument out. * If you feel any resistance when
attempting to pull the instrument out,
STOP! Look inside the cabinet and
carefully examine all surrounding cables.
Make sure all cables are fully
disconnected.
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Half-Rack-Width Instrument

To remove a half-width instrument from a system rack

1 Power off the system. * For details see the system installation
guide.

2 Remove the selected instrument’s power cord
from the power strip in the rack.

3 The instrument is attached to the half-rack width < The instruments are secured together

instrument beside it; remove that instrument’s by lock links at the front and rear. The
power cord from the power strip also. lock links at the rear attach with
screws. The lock links at the front hook
together.
4 Remove the power cord and other cables from * Note the location of cables for
the front and rear of both instruments. re-installation.

5 Remove the four corner screws on the front of * The screws are located near the
the rack panel that secures the instruments in corners of the face of the instrument.
place. * Use a #2 Phillips screwdriver.

6 Slide both instruments, as a single unit, out from
the front of the rack and set them on a secure,
flat surface.

7 Detach the lock links that secure the rear of the  * Use a #2 POZIDRIV screwdriver.
instruments together by removing their screws.  + See Figure 339 on page 465.

8 Carefully and at the same time, push one
instrument forward and pull the other back to
unhook the lock links that secure the front of the
instruments to each other.

9 Store the “partner” instrument and lock links * Only install the instruments as a pair;
while the selected instrument is out of the rack. individual installation is not secure.
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Inst_lock_links
24 Feb 04 rev 1

Figure 339 Instrument lock links, front and rear

Benchtop Instrument

To remove an instrument from a benchtop system

1 Power off each instrument in the system.  * For details, see “Powering the System Off" on
page 45.

2 Unplug the selected instrument’s power
cord from the AC power supply.

3 Remove the power cord and other cables  * Note the location of cables for re-installation.
from the front and rear of the instrument.
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Instrument Installation

To install or re-install an instrument in a system, use one of the following

procedures.

Required tools

e #2 Phillips screwdriver
e #2 POZIDRIV screwdriver

e system installation guide

Standard rack instrument

To install an instrument

Step

Notes

1 Slide the instrument gently into the rack.

2 Insert the screws in the rack ears.

3 To reconnect the semirigid cables, carefully
align them before you insert the male
connector.

4 Turn on system power and restart the system
computer if necessary.

* Most cables are fairly easy to remove and

reconnect and have no special
considerations (besides making sure you
put the cables back in the right place).
Semirigid cables require more care,
especially when reconnecting them.
Make sure all semirigid cables, on the
front and back of an instrument are fully
disconnected before removing the unit.

Do not insert the male pin in at an angle
or you will damage the female connector.
RF connector center pins are very
delicate, and if damaged must be
replaced. System performance may be
greatly impaired if there is a bad RF
connector.
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To install the instrument in a rack
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Step Note
1 Make sure the system is powered off. * For details, see “Powering the System
Off" on page 45.
2 Re-attach the lock link that secures the front * Use a #2 POZIDRIV screwdriver.
of the returned instrument to it's partner * See Figure 339 on page 465.
half-rack-width instrument.
3 Re-attach the lock link that secures the rear * Use a #2 POZIDRIV screwdriver.
of the instruments together.
4 Insert the attached instruments in the same ¢ The rack-mount ears stop the instruments at
slot from which you removed them, sliding the correct depth.
them along the support rails until they meet
the rack-mount ears.
5 Replace the rack panel in front of the * The screws are located near the corners of
instruments and secure the four corner the face of the instrument.
Screws. * Use a #2 Phillips screwdriver.
6 Confirm that the instrument is turned off.
7 Connect the appropriate cables to the
instruments (front and rear), including the
power cords.
8 Power on the system. * For details, see “Powering the System

On" on page 36.

Benchtop instrument

To install an instrument in a benchtop system

1

Make sure the system is powered off.

Connect all cables to the instrument (front
and rear), including the power cord.

Connect the power cord to the AC power
source.

Power on the system.

Set the instrument GPIB address, if
necessary.

For details, see “Powering the System
Off" on page 45.

For details, see “Powering the System
On" on page 36.
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This appendix provides safety and regulatory information,
which you should review prior to working with your Agilent
system. The information contained in it applies to all

Agilent-supplied instruments in the system, and the system as a

whole.

It also contains information on servicing and obtaining support
for an Agilent system or instrument, including procedures for
removing an instrument from a system, returning it to Agilent,

and re-installing it.

Agilent Technologies
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Safety and Regulatory Information

470

Safety summary

The following general safety precautions must be observed during all phases of
operation of this instrument or system. Failure to comply with these
precautions or with specific warnings elsewhere in this manual violates safety
standards of design, manufacture, and intended use of this instrument or
system. Agilent Technologies, Inc. assumes no liability for the customer’s
failure to comply with these requirements.

General

This product has been designed and tested in accordance with the standards
listed on the Manufacturer’s Declaration of Conformity, and has been supplied
in a safe condition. The documentation contains information and warnings
that must be followed by the user to ensure safe operation and to maintain the
product in a safe condition.

All light-emitting diodes (LEDs) used in this product are Class 1 LEDs per IEC
60825-1.

Equipment Installation

Install the instrument or system so that the detachable power cord is readily
identifiable and is easily reached by the operator. The detachable power cord
is the disconnecting device. It disconnects the mains circuits from the mains

supply before other parts of the instrument or system. The instrument front

panel switch is only a standby switch and is not a LINE switch. Alternatively,
an externally installed switch or circuit breaker (which is readily identifiable
and is easily reached by the operator) may be used as a disconnecting device.

This is a Safety Class 1 Product (provided with a protective earthing ground
incorporated in the power cord). The mains plug shall be inserted only in a
socket outlet provided with a protective earth contact. Any interruption of the
protective conductor inside or outside of the products is likely to make the
product dangerous. Intentional interruption is prohibited (IEC 348 clauses 17.3.3
c and 17.3.4).

DO NOT OPERATE IN AN EXPLOSIVE ATMOSPHERE.
Do not operate the instrument or system in the presence of flammable gases or
flames.
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DO NOT REMOVE AN INSTRUMENT COVER.

Operating personnel must not remove instrument covers. Component
replacement and internal adjustments must be made only by qualified service
personnel.

Instruments that appear damaged or defective should be made inoperative and
secured against unintended operation until they can be repaired by qualified
service personnel.

Environmental conditions

If this product is not used as specified, the protection provided by the equipment
could be impaired. This product must be used only in a normal condition (in
which all means for protection are intact).

Unless otherwise noted in the specifications, this instrument or system is intended
for indoor use in an installation category I, pollution degree 2 environment.

Ventilation Requirements: \When installing the product in a cabinet, the convection
into and out of the product must not be restricted. The ambient temperature
(outside the cabinet) must be less than the maximum operating temperature of the
product by 4 °C for every 100 watts, then forced convection must be used.

Before applying power

Verify that the product is set to match the available line voltage, the correct-rating
service breaker is installed, the correct fuse is installed, and all safety precautions
are taken. Note the instrument external markings described in Table 77, “Safety
symbols and instrument markings,” on page 473.

The mains wiring and connectors shall be compatible with the connector used in
the premise electrical system. Failure to ensure adequate earth grounding by not
using the correct components may cause product damage and serious injury.
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Ground the instrument or system

To minimize shock hazard, the instrument chassis and cover must be connected
to an electrical protective earth ground. The instrument and/or system must be
connected to the AC power mains through a grounded power cable, with the
ground wire firmly connected to an electrical ground (safety ground) at the
power outlet. Any interruption of the protective (grounding) conductor or
disconnection of the protective earth terminal will cause a potential shock
hazard that could result in personal injury.

This is a Safety Class 1 Product (provided with a protective earthing ground
incorporated in the power cord). The mains plug shall be inserted only in a
socket outlet provided with a protective earth contact. Any interruption of the
protective conductor inside or outside of the products is likely to make the
product dangerous. Intentional interruption is prohibited (IEC 348 clauses 17.3.3
c and 17.3.4).

Always use the three-prong AC power cord supplied with this product. Failure to
ensure adequate earth grounding by not using this cord may cause product
damage.

The detachable power cord is the disconnecting device. It disconnects the mains
circuit from the mains supply before other parts of the instrument or system. The
instrument front panel switch is only a standby switch and is not a line switch.

Fuses and Circuit Breakers

472

Refer to individual instrument manuals for detailed information on operator
accessible fuses.

Use only fuses with the required rated current, voltage, and specified type
(normal blow, time delay). Do not use repaired fuses or short-circuited fuse
holders. To do so could cause a shock or fire hazard.

For continued protection against fire hazard, replace fuses and circuit breakers
only with the same type and ratings. The use of other fuses or circuit breakers or
materials is prohibited (IEC 348 clause 17.3.5.d).

The premise wiring should have a system-dedicated circuit breaker in the mains
wiring for installation of the system.
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Agilent system cabinet power strips are equipped with a thermal circuit
breaker for each power phase. If one phase shorts or overloads, one or both of
the circuit breakers in the power strip trip. Unplug the power strip before
trying to locate and correct the electrical problem, then reset both circuit
breakers on the power strip to restore power to the cabinet.

Maintenance

m To prevent electrical shock, disconnect the instrument and/or system from
mains before cleaning. Use a dry cloth or one slightly dampened with water to
clean the external case parts. Do not attempt to clean internally.

Safety symbols and instrument markings

Symbols and markings in manuals and on instruments alert you to potential
risks, provide information about conditions, and comply with international
regulations. Table 77 defines the symbols and markings you may find in a
manual or on an instrument.

Table 77 Safety symbols and instrument markings

Safety symbols Definition

Warning: risk of electric shock.

Warning: hot surface.

Caution: refer to instrument documentation.

Laser radiation symbol: marked on products that have a laser
output.

Alternating current.

Both direct and alternating current.
Three-phase alternating current.

Earth (ground) terminal.

Protective earth (ground) terminal.

Frame or chassis terminal.

S CRNP(Y =
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Table 77 Safety symbols and instrument markings (continued)

Safety symbols

Definition

1
N
L
O

O
|

Terminal is at earth potential. Used for measurement and
control circuits designed to be operated with one terminal at
earth potential.

Terminal for neutral conductor on permanently installed
equipment.

Terminal for line conductor on permanently installed
equipment.

Standby (supply); units with this symbol are not completely
disconnected from AC mains when this switch is in the
standby position. To completely disconnect the unit from AC
mains, either disconnect the power cord, or have a
qualified/licensed electrician install an external switch.

OFF (supply); a switch with this symbol opens the instrument’s
power supply circuit, disconnecting it with the mains supply.

ON (supply); a switch with this symbol closes the instrument’s
power supply circuit, connecting it with the mains supply.

Instrument markings

Definition

Ce

1SM1-A

ICES/NMB-001

The CE mark is a registered trademark of the European
Community.

The CSA mark is a registered trademark of the
CSA-International.

The C-tick mark is a registered trademark of the Spectrum
Management Agency of Australia. This signifies compliance
with the Australian EMC Framework regulations under the
terms of the Radio Communications Act of 1992.

This text indicates that the instrument is an Industrial
Scientific and Medical Group 1 Class A product (CISPER 11,
Clause 4).

This text indicates product compliance with the Canadian
Interference-Causing Equipment Standard (ICES-001).
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Regulatory Compliance

EMC

Complies with European EMC Directive 2004/108/EC
IEC/EN 61326-2-1:2005

CISPR Pub 11 Group 1, class A

AS/NZS CISPR11:2004

Safety

Complies with European Low Voltage Directive 2006/95/EC
IEC/EN 61010-1 2nd edition

Canada: CSA C22.2 No. 61010-01-04

USA: UL std no. 61010-1 2nd edition

Declaration of Conformity

You may obtain a copy of the manufacturer's Declaration of Conformity at
http://www.agilent-pra.com/DoC/search.htm or through your local Agilent
Technologies Service Center. For contact information visit
http://www.agilent.com.

Compliance with German noise requirements

This is to declare that this instrument or system is in conformance with the
German Regulation on Noise Declaration for Machines (Laermangabe nach der
Maschinenlaermrerordnung -3.GSGV Deutschland).

Table 78 German noise requirements summary

Acoustic Noise Emission/Geraeuschemission

LpA <70 dB LpA <70 dB
Operator position am Arbeitsplatz
Normal position normaler Betrieb
per ISO 7779 nach DIN 45635 t.19

Compliance with Canadian EMC requirements

This ISM device complies with Canadian ICES-001.
Cet appareil ISM est conforme a la norme NMB du Canada.
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Service and Support

Any adjustment, maintenance, or repair of this product must be performed by
qualified personnel. Contact your Agilent Technologies Service Center for
assistance.

m There are no user serviceable parts inside the system. Any servicing instructions
are for use by qualified personnel only. To avoid electrical shock, do not perform
any servicing unless you are qualified to do so.

m The opening of covers or removal of parts is likely to expose dangerous voltages.
Disconnect the product from all voltage sources while it is being opened.

Agilent on the Web

You can find information about technical and professional services, product
support, and equipment repair and service on the Web:

http://www.agilent.com

Click on the Test & Measurement link then click on Select a Country. Click
on the Contact Us link for contact information.
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Return Procedure

In any correspondence or telephone conversations with Agilent Technologies,
please refer to the instrument by its model number (N5501A, for example) and
serial number. With this information, the customer engineer can determine
whether your instrument is still within its warranty period and provide
accurate shipping information.

Determining your instrument’s serial number

When Agilent Technologies manufactures an instrument, it is given a unique
serial number. This serial number appears on a label on the rear panel of the
instrument (see Figure 340). The serial number has two parts. The first part
makes up the prefix and consists of four digits and a letter. The second part
makes up the suffix and consists of the last five digits on the label. The serial
number prefix is the same for all identical instruments; it changes only if the
electrical or physical functionality differs between instruments. However, the
serial number suffix changes sequentially from instrument to instrument to
uniquely identify every one.
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LEVEL ouT 10MHz IN +8dBm -2dBm
TUNE SPAN BUFFERED s 500 MHZ QUT s
ouTt 10MHz OUT +20dBm 0dBm
O O O o)
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Figure 340 Serial number location
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Shipping the instrument

Use the following procedure to package and ship your instrument for service.
For instructions on removing an instrument from the system and re-installing
it, refer to the system user’s guide.

To package the instrument for shipping

Step Notes
1 Place the instrument in its original packaging * If the original packaging materials are
materials. not available, use a professional

packaging service. Contact your Agilent
Service Center for more information.

2 Surround the instrument with at least 3 to 4
inches of its original packing material or
bubble-pack to prevent the instrument from
moving in its shipping container.

3 After wrapping it with packing material, place the * The shipping container must be large

instrument in its original shipping container or a and strong enough to accommodate
strong shipping container that is made of your instrument and allow at least 3 to 4
double-walled corrugated cardboard with 159 kg inches on all sides for packing material.

(350 Ib) bursting strength.

4 Seal the shipping container securely with strong
nylon adhesive tape.

5 Mark the shipping container “FRAGILE, HANDLE
WITH CARE" to help ensure careful handling.

6 Use the address obtained from your Agilent
customer engineer.

7 Retain copies of all shipping papers.

Damage can result if the original packaging materials are not used. Packaging
materials should be anti-static and cushion the downconverter on all sides. NEVER
USE STYRENE PELLETS IN ANY SHAPE AS PACKAGING MATERIALS. They do not
adequately cushion the instrument or prevent it from moving in the shipping
container. Styrene pellets can also cause equipment damage by generating static
electricity or by lodging in fan motors.
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