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Designed to
Meet Your
Needs

Note
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Getting Started

The HP 3048A Phase Noise Measurement System is a high
performance tool that enables you to fully evaluate the
noise characteristics of your electronic instruments and
components with unprecedented speed and ease. The

HP 3048A is designed to provide you with the flexibility
needed to meet today’s broad range of noise measurement
requirements.

In order to use the HP 3048A 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 HP 3048A to a proficient user of the system'’s
basic measurement capabilities.

If you have just received your HP 3048A or need help with
connecting the hardware or loading software, refer to
Appendix A now. Once you have completed the installation
procedures presented in Appendix A, return to the following
page to begin learning how to make noise measurements
with the HP 3048A.
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As You Begin

As you begin to learn about the HP 3048A, you will find

that HP 3048A Operation; A Guided Tour contains a step-by-

step procedure for completing a phase noise measurement .
using the HP 3048A. This measurement demonstration

introduces operating fundamentals you should be aware of

no matter what type of device you plan to measure.

Once you are familiar with the information in Chapter 1,
you will be ready to refer to chapters 2 and 3 for specific
‘information about measuring your signal sources or chapters 4
and 5 for information about measuring two-port devices. After
you have completed your noise measurement, you will want
to refer to Chapter 6 for help in analyzing and verifying your
test results.

As You Progress

As you become familiar with the operation of the

HP 3048A, you will need to refer to this guide less .
often. There may, however, be times when you encounter

problems while running your measurements. Problem

solving suggestions have been provided at the back of the
measurement application chapters (3 and 5) to help you deal

with conditions that can prevent the system from completing

its measurement.

As An Advanced User

The HP 3048A offers many advanced operating functions
that allow you to further tailor its operation to fit the special
needs of your application. These advanced functions will

be fully documented in your HP 3048A Reference Manual.
Refer to the reference manual after you are familiar with the
basic operating capabilities presented in this manual.
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HP 3048A
Operation; A
Guided Tour

Required Equipment

How to Begin

This measurement demonstration will introduce you to the
HP 3048A’s operation by guiding you through an actual
phase noise measurement.

You will be measuring the phase noise of the HP 11848A’s
two internal 10 MHz sources. (The measurement made in
this demonstration is the same measurement that is made in
Appendix A to verify the system’s operation.)

As you step through the measurement procedures, you will

soon discover that the HP 3048A offers enormous flexibility
for measuring the noise characteristics of your signal sources
and two-port devices.

The equipment shipped with the standard HP 3048A system
is all that is required to complete this demonstration. (Refer

to Appendix A if you need information about setting up the
HP 3048A hardware or installing the software.)

Complete the set up procedures beginning on the next page.
The HP 3048A will display a setup diagram that shows you
the correct front panel cable connections to make for this
measurement.
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Setting Up the
Measurement

1-4 Getting Started

e

TO MAKE A PHASE NOISE ‘MERSUREMENT:

— - . — e

1) Define the measurement..........covenveass [ Press ‘Define Msrmnt’ 1
2) Measure the noise.
A. Repeat the previous measurement...[ Press ‘Repeat Msrant.’]

OR B. Make a new measurement............ [ Press '‘New  Msrant.’]
To describe the system hardware configuration...... [ Press 'System Config’ 1
To access the latest graph of test results......... [ Press ’Access Graph’ 1
To load a typical measurement and its graph........ [ Press ‘System Preset’ 1
To perform advanced-user Operations.............vus [ Press ‘Spcl. Funct’'n’l

\. J

You should be at the Main Software Level to begin this
procedure. (If you are not, press the or softkey.)

The Main Software Level menu provides access to each of
the HP 3048A’s main functions. You will always return to
this menu when you exit any of the main function menus.

Figure 1-1 illustrates how the main functions are accessed
from the Main Software Level, and how you return to the
Main Software Level when you exit the selected function.

1. Press the |System Preset| softkey. This causes the system
to automatically load all the parameters required for
running this measurement demonstration. (You will

learn more about entering measurement parameters later

in this demonstration.)




Figure 1-1. Example of Menu Accessing Hierarchy

. Press [Yos. Proceed]
. Press the key.

. Press The HP 3048A now presets each
instrument that has been listed in the HP 3048A’s
System Configuration table.
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The HP 3048A will inform you if it does not receive a

response at the HP-IB address specified for a particular

instrument. (For information on removing an instrument

from the System Configuration table or verifying an

HP-IB address, refer to Setting Up the HP-IB Address in ‘
Appendix A.)

Connecting the RF Cables

VERIFY EEATNOTE < S0 hHz

V Range: +
Gt

11848AR

Press ‘Proceed’ when ready.

\_ | _J

1. When the Connect Diagram appears on the display,
connect coax cables to the front panel of the HP 11848A
as shown in the diagram.

Note  Although not shown, the rear-panel interconnection
(SOURCE OUT to NOISE INPUT) described in Appendix A
is required. Also, the 50§ Load must be connected to the
SPECTRUM ANALYZER OUTPUT when an RF Spectrum
Analyzer is not being used.
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Checking the Beatnote

SPAN 100 000 Hz RANGE: -7 dBV STATUS: PAUSED 0-100kHz
A: MAG
-7 [
dBV - . . . . . . . .
............................................................ rerreneeennerereeserenenecnnens | DEFINE
: : : : : : : : : START
: ) : T DEFINE
_ Frequency Domain CENTER
10 ) e e DEFINE
d8 Time Domain o SPAN
/D1V : :
I DEFINE
TIME LEN
FRG AXIS
................................................................................................. LIN  LOG
a7 . . . . . . . . .
START: 0 Hz BW: 954.85 Hz STOP: 100 000 Hz

Figure 1-2. HP 3561A Display Showing Low Frequency
Beatnote in Frequency and Time Domains

1. Look at the HP 3561A Dynamic Signal Analyzer and
observe the beatnote signal being displayed. You
should see the HP 3561A simultaneously display the
beatnote in the frequency domain and the time domain,
as shown in Figure 1-2.
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The beatnote signal is produced by mixing the signals from
the two low-noise 10 MHz sources in the HP 11848A’s
Phase Detector, as shown in Figure 1-3. The frequency of
the beatnote signal represents the difference in frequency
between the two 10 MHz sources.

2. Press the [3561 n| softkey shown on the
HP 3048A’s controller display. Note that you decrement
the HP 3561A’s display span width each time you press
this key. The span width setting is shown in the upper
left corner of the HP 3561A's display.

To increment the span width, press the Shift key on your
keyboard and the [3561A ‘Span| key at the same time. (In
Chapter 3 you will be shown how to use this capability
to set the center frequencies of the input signals to
within the tuning range limits of the system.)

HP 11848A

rm;ﬁ o ___!
>—® |

PHASE
DETECTOR

LOW-PASS
FILTER

TUNE
VOLTAGE
OUTPUT

LOW-NOISE
AMPLIF JER

HP 3561A

Figure 1-3. Simplified Block Diagram of Measurement Setup



Running the
Measurement

1. Press when you are ready to run the

measurement. Because you selected the [New:Msrmnt| key
to begin this measurement, the HP 3048A starts by
running the routines required to calibrate the current
measurement setup.

The following messages will appear on the display as the
HP 3048A performs the calibration routines. (You will have
ample time to read through the message descriptions while
the HP 3048A completes the routines.)

Determining Presence of Beat Note.... An initial check is
made to verify that a beatnote is present within the system’s
detection range of 0.1 Hz to 40 MHz.

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 HP 3048A 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. For this measurement,
the 10 MHz B source is acting as the VCO source. As you
will see later in this demonstration, you will be required to
estimate the tuning range of the VCO source you are using
when you set up your own Phase Lock Loop measurements.
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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. (If
you watch the HP 3561A’s display, you can observe this
process. When the measurement of the VCO Tuning
Constant is complete, the HP 3048A will display the
measured value at the top of the screen.)

Measuring the Phase Detector Constant.... The transfer
characteristics (V/rad) of the HP 11848A’s Phase Detector
are now determined for the specific center frequency and
power level of the sources being measured. You will see the
measured Tuning and Phase Detector Constants appear

at the top of the HP 3561A’s display along with an
approximation of the system’s noise floor level derived using
the measured Phase Detector Constant value.

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.
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When the HP 3048A has completed the calibration
procedures, it will lock the loop and begin its noise
measurement. The Out of Lock light on the front panel of
the HP 11848A turns off after the loop has been tested to
verify phase lock.

Sweep-Segments

When the HP 3048A begins measuring noise, it places the
noise graph on its display. As you watch the graph, you will
see the HP 3048A plot its measurement results in frequency
segments.

The HP 3048A measures the noise level across its frequency
offset range by averaging the noise within smaller frequency
segments. This technique enables the HP 3048A to
optimize measurement speed while providing you with the
measurement resolution needed for most test applications.

Out of Lock Detection

Before and after the HP 3048A measures each frequency
segment, the system verifies that its Out of Lock Detector
has not been set. If the detector has been set, the HP 3048A
will alert you by stopping the measurement and placing an
error message in its display. (The Problem Solving sections
included in the Measurement Applications chapters of this
manual will help you interpret the error messages and will
provide you with recommended actions for correcting the
problem and continuing your measurement.)
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Evaluating  When the HP 3048A has completed the noise measurement,
the Results the graphics softkeys will appear at the bottom of its
display. You will find that these keys access powerful
graphics capabilities to help you with your analysis and
presentation of the measurement results. (Further details and
demonstrations of these capabilities are provided in
Chapter 6 of this manual.)

When you look at the measurement results, notice that the
HP 3048A has measured and plotted both the random noise
and deterministic (spurious) signals for the 10 MHz sources.
The HP 3048A differentiates the random noise (which has
been normalized to a 1 Hz bandwidth) from the spurs
(which are not normalized) by using a broken line to plot
the spurs on the graph.

1. Press to return to the Main Software Level.

HP304BA DEMO: 1@ MHz "R" ws. 1@ MHz "B’
Chpl 3B4BA Carrier: 10.E+6 Hz 26 Jan 1987 17:55:@8 - 17:58:01

a T ™ T T7 T T 1T T T T T T ‘
N . . ' 4

1B LK 18K
10 L (f) [dBc/Hz]l vs f([Hzl 188K
Figure 1-4. Typical Noise Curve for a ‘

10 MHz A versus 10 MHz B Measurement
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Congratulations

To Learn More

Note

You have completed a phase noise measurement. You will
find that this measurement of the internal 10 MHz sources
provides a convenient way to verify that the HP 3048A’s
hardware and software are properly configured for making
noise measurements.

Now continue with this demonstration to learn about setting
up and running your own phase noise measurements.

Repeat Measurement versus New Measurement

Notice that two softkeys are available for be,cnnning a
measurement, |Repéa When you

begm your measurement by pressing the Ne AMsrmnt] key, as
you did for this demonstration, you cause the HP 3048A to
perform the routines necessary for calibrating the system
before it begins its noise measurement. If you press the

D! t] key, the HP 3048A will use the same
calibration data it used for the previous measurement.

You should always select the N‘ew;;M\s;mknt: key for beginning
your measurement if the frequency, amplitude, or tuning
parameters of the sources you are using change.
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Designing Your  To set up the demonstration measurement, you pressed the
Own Measurement [System Preset| key. This caused the system to automatically
load a predefined “test definition” file containing the
measurement parameters required for this example. If you .
plan to set up your own noise measurements, you will need
to determine and enter the parameter data required for
your measurement. This process is called “Defining a
Measurement”.

1. Press the key.

Defining a
Measurement

1) Specify Measurement Type and Freq. Range..[ Press ‘Type / Range’ 1

2) "Enter Source and lnterface Parameters..... [ Press ‘Instr. Params’ ]

3) Specify a Calibration Process............. { Press ‘Calibr Process’)

4) Specify the -Control of Signal Sources..... [ Press ‘Source Control’]

5) - Define the Graph of Results............... [ Press ‘Define Graph’ 1
To store/load a test definition to/from disk....... [ Press 'Test Files' ]
To view a summary of current parameters............ [ Press ‘Param Summary’ ]
To return to the MAIN SOFTWARE LEVEL............... [ Press 'DONE’ ]

\_ Y,

Notice steps 1 through 5 on the Measurement Definition
Menu. When you setup your own noise measurements, you
will need to define the measurement you wish to make by
completing these five steps.
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You will find that the softkey for accessing the appropriate
entry menu is listed with each step. As shown in the
following diagram, you will always return to this menu after
you exit an entry menu.
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The Measurement Type and Frequency Range

1. Press the key now to access the procedures
for step 1 on the menu.

f

MERSUREMENT TYPE AMD FREGUENCY RANGE SFECIFICATION |

MEASUREMENT TYPE: OFFSET FREQUENCY RANGE:

TO SELECY..[ Press ‘Next Type’l ENTER THE FOLLOWING.......
Fhase Norse Using a Fhase Lack Laops Start Freq..(]] 10 [
Phase Noise Without Using a PLL Stop Freq..[ 160.E+3 1 Hz
Phase Noise Using an FM Discriminator Averages....[ 4 ]

AM Noise
Noise Measurement Using HP3561R Oniy Acceptable Values: 1.E-3 TO 40.E+6

To return to ‘MEASUREMENT DEFINITION'......... [ Press ‘DONE’ 1]

This menu allows you to specify which one of the

HP 3048A’s five noise measurement types you wish to make.
This menu also allows you to specify the frequency offset
range over which you wish to measure the noise of your
device, and how many measurements you want the

HP 3048A to make for averaging the noise level.
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The Measurement Application chapters in this manual
contain “test definition” examples that will help you setup
your own measurements. These examples provide the
recommended measurement type and operating parameter
entries for many of your devices.

2. Press the key. You will see the measurement
type selection change each time you press this key.

3. Return the measurement selection to “Phase Noise
using a Phase Lock Loop”.

Note The Phase Lock Loop measurement is the technique most
commonly used for measuring the phase noise of signal
sources. Chapter 2 of this manual provides a brief overview
of the fundamentals of the Phase Lock Loop technique. You
should become familiar with these fundamentals before you
begin to set up phase noise measurements for your own
signal sources.

done| to return to the Measurement Definition
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Signal Source Operation

1. Press the key.

SOURCE AND INTERFRCE FARAMETER ENTRY

ENTER THE FOLLOWING PARAMETERS:

Carrier FreqUencY..vivererreererrerererneeecees [ 10.E+6 Pz
Detector/Discr. Input Frequency.......... ...[ 10.E+6 J Hz
VCO Tuning Constant..................c.ee ...[ 100 1 Hz/Volt
Center Voltage of VCO Tuning Curve Lo 1 Volts
Voltage Tuning Range of VCO............... /-0 2 1 Volts
VCO Tune-port Input Resistance................. [ 1.E+6 1 Chaos
Acceptable Values: 1 TO 110.E+9

SELECT A PHASE DETECTOR......vvvvienrnrninnnss ...[ Press ‘Select Detect.’ ]

Internal Phase Detector: S s MHZ to 1600 MHz
Internal PhaseDetector: 1.2 GHz to 18 GHz
External Phase/AM Detector

To return to ‘MEASUREMENT DEFINITION'................. [ Press ‘OONE’ ]

\. J

Note If your display does not list the same six parameter types
shown in the menu above, you need to return to the
Type/Range menu and select the “Phase Noise using a
Phase Lock Loop” measurement before you proceed with
this demonstration.

When you set up your own signal source measurements, you
will need to enter the center (carrier) frequency of your
source-under-test. You will also need to enter the tuning

- characteristics of the VCO source that you are using. (You
will find that Chapter 3 provides the tuning characteristics
for many Hewlett-Packard sources commonly used for this
measurement.)

2. Press the key. ‘
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The Calibration Methods

1. Press the key.
( , Y

DETERMINATION OF PHASE OETECTOR CONSTANT AND VCO TUNING CONS

Select a method for determining the PHASE DETECTOR CONSTANT.

Use the current Detector Constant

Measure the Detector Constant

Select a method for determining the VCO TUNING CONSTANT.

Use the current Tuning Constant

Measure the VCO Tuning Constant
Compute from expected T. Constant

lThe computed PLL suppression be verified. ]

To return to the previous menu................ [ Press ‘DONE” ]

\_ v,

This menu allows you to choose the calibration method
most suitable for your measurement situation. When you are
setting up a new measurement, you will typically select the
measure method for determining the calibration constants and
have the HP 3048A verify PLL suppression. (The criteria for
selecting the other calibrating methods will be covered in
your HP 3048A Reference Manual.)

2. Press the key.
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The Measurement Setup

1. Press the key.

r"’

SYSTEM CNTRL _|

SOURCE CONTROL FOR MERSUREMENT USING

DN CONV.

DUT. ) NOT IN USE
l 10 Miz ‘A’

A FHASE LOCKED LOOP

HP 11848A

REF SOURCE__
10 MHz ‘B’
SYSTEM CNTRL j

B

TIME BASE,
NOT IN USE

-

TUNE VOLTAGE

y,

When you set up your own measurements, you will use the
softkeys shown on the screen to configure a block diagram
of the measurement setup you plan to use. The purpose of
this diagram is to tell the HP 3048A:

¢ What hardware you will be using.

e Which instruments will be under HP-IB system control.
(The pontroll softkey enables you to specify the control
you desire for the instrument selected in the diagram.)

e What the interconnecting signal paths will be.

2. Press the key.
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The Results Graph
1. Press the key.

GRAFH DEF[NITION

ENTER THE FOLLOWING PARAMETERS:

Title..(f] HP3048A DEMO: 10 MHz "A” vs. 10 MHz "B <
Minimum X coordinate
Maximum X coordinate
Minimum Y coordinate
Maximum Y coordinate

SELECT A GRAPH TYPE.....vvuvviivnieniiniiinnannass [ Press 'Graph Type’ ]

Single band Phase Neise (dBe/Hz)

Phase Modulation Spectral Density (dB/Hz)

FM Spectral Density (Hz/SGR(Hz))

Spectral Density of Fractional Freq. Fluctuations (1/SQR(Hz))

To return to 'MEASUREMENT DEFINITION'............. [ Press 'DONE’ ]

. J

This menu allows you to define the noise graph for
displaying the results of your measurement, and set
specification lines.

The HP 3048A also allows you to redefine the graph
parameters after the measurement is complete. This

will enable you to optimize the presentation of your
measurement results after you've had a chance to see them.

2. Press the key.
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The Test Files

1. Press the key.

@

\.

FILES OF MEASUREMENT -DEF INING FRRAMETERS Fage 1 of 2
F 1 L E N A M E DATE STORED _STORED AS
B OEFAULY 16 Mar 1987  PARM.6
FEWLETT-PACKARD FACTORY NOISE FLATNESS TEST 2~Jan 1987  PARMS
HEWLETT-PACKARD FACTORY NOISE FLOOR TEST 100 K 13 Feb 1987  PARM 3
HEWLETT-PACKARD FACTORY NOISE FLOOR TEST 40 M 13 Feb 1987 PARM2
HEWLETT-PACKARD FRACTORY SPUR ACC. TEST 106K 26 Jan 1987  PARM_
HEWLETT-PACKARD FACTORY SPUR ACC. TEST 500K 26 Jan 1987 PARM_I
HP EXAMPLE 10 MHZ FREQUENCY STRNDRRD 12 Mar {987  PARM S
HP EXAMPLE AM NOISE (HP 8662/3 AND HP 11729C) 26 Jan 1987  PRARM9
HP EXAMPLE AM NOISE (HP 8662/3 AND HP 33336C) 26 Jan 1987  PARM_10
HP EXAMPLE DESIGNING A MEASUREMENT 26 Jan 1987  PARM_I3
To return to °MEASUREMENT DEFINITION'......... [ Press ‘DONE’ )

Note the test file labeled “Default”. This file contains all
the measurement parameters required to perform this
measurement example. The HP_3048A automatically loaded

this file when you pressed the key.

Notice the test files that are labeled as examples. You will

find that these files contain the measurement parameters for
measuring many of your signal sources and two-port
devices. (The Measurement Application chapters (3 and 5) in
this manual contain the procedures for measuring your own

instruments using these example test files.)




You can also create your own test files by entering a test file
name and then pressing the | Store File| key. When you press

ile] key, a test file will be created which contains
the current contents of each of the five parameter entry
menus.

2. Press once to return to the Measurement

Definition Menu, and then press again to return
to the Main Software Level.

If you now wish to make a noise measurement using a
device of your own, refer to the remaining chapters in this
manual.

You will find that Chapters 2 through 6 provide detailed

procedures and recommendations for measuring your signal
source and two-port devices.
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Fast, Accurate,
and Flexible;
The HP 3048A
Solution

Fast Measurements

1-24 Getting Started

The HP 3048A is a flexible system designed to provide a
simple solution to your absolute and residual noise ‘
measurement needs. It provides phase, frequency, and

amplitude noise characterization for both signal sources

(such as oscillators and signal generators) and two-port

devices (such as dividers, mixers, and amplifiers).

The HP 3048A features rapid measurement speed. As you
follow the measurement procedures presented in this
manual, you will find that you are able to set up and
complete your noise measurements in a fraction of the time
it takes to make comprehensive noise measurement using
other techniques.

The following table shows approximate system run times for
measuring various frequency offsets.

Periodi(Minutes)
0.01 to 1 Hz 17
1to 10 Hz 2
10 Hz to 100 kHz 3
10 Hz to 2 MHz 45
10 Hz to 40. MHz 6




Specifications

Reliable Accuracy

The HP 3048A minimizes measurement uncertainty by
assuring you of accurate and repeatable measurement results.

Frequency Offset Range k‘Acémgc,y‘
0.01 MHz to 1 MHz +2 dB
1 MHz to 40 MHz +4 dB

Measurement Qualifications

In order for the HP 3048A to meet its accuracy
specifications, the following qualifications must be met
by the signal sources you are using.

Source Return Loss: > 9.5 dB (< 2:1 SWR)

Source Harmonic Distortion < —20 dB (or a square
wave)

If either of these conditions are not met, system
measurement accuracy will be reduced.

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.

rev.05SEP89
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Specifications

System Phase Noise and Spurious Responses

The internal noise of the HP 3048A was designed for the

measurement of even very low-noise reference sources. ‘
The following graph shows the phase noise and spurious
response levels specified for the system.

The specified response does not include the phase noise or
spurious signal contributions of a reference source.

K

-88 “\

-1008 Spuricus Responses (dBc)

-120
-140 §\Phase Notse (L(f),dBc/Hz) — .
L

-168 fc <18MHz

-182

8.01 8.1 1 18 100 1k 18k 180Kk 1M 10M 4OM
OFFSET FREQUENCY (H2)

Figure 1-5. Graph of System Phase
Noise and Spurious Responses
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Specifications

o

Figure 1-6 shows the increase in system noise and spurious
response levels as the signal level at the R input port of the
HP 11848A Phase Detector is decreased below +15 dBm.

To determine the system noise and spurious response level
for a given R input port level, determine the resulting dB
degradation using Figure 1-6 and then adjust the phase
noise and spurious response levels shown in Figure 1-5 by
the degradation value.

For example, if the R input signal level is +5 dBm, the
resulting degradation is 410 dB. Applying the +10 dB
degradation to Figure 1-5 increases the system’s maximum
noise level at > 10 kHz offset frequencies from —170 to
—160 dBc/Hz. The specified maximum spurious signal
level also increases from —112 to —102 dBc at all offset
frequencies. '

1.2 to 18 GHz Phase Detector
Ampl{tude Range

<

jpme———— 5 MHz to 1.6 GHz Phase >
Detector Amplitude Range

] ] |
8 +5 +10 +15 +20 +25

“ >

+20

DEGRADATION (dB)

R INPUT SIGNAL LEVEL (dBm)

L Input Signal: 2 +15dBm (S MHz ~ 1.6 GHz Phase Detector)

2 +7dBm (1.2 MHz - 18 GHz Phase Detector)

Figure 1-6. Increase in System Noise and
Spurious Response Due to Decreased Input Level
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Specifications

Phase Detector Input Ports

Frequency Ranges

The wide frequency and amplitude ranges provided by the
HP 3048A will enable you to make noise measurements for
a wide variety of application requirements. The following
tables indicate the frequency and amplitude ranges for the
Phase Detector input ports on the HP 11848A.

Carrier Frequency

Frequency Offset

5 MHz to 1.6 GHz !

0.01 Hz to 100 kHz 2

1 Option 201 extends the carrier frequency range to 18 GHz
2 When using a supported RF Analyzer).

Amplitude Ranges

Phase Detector

5 MHz to 1.6 GHz

1.2 GHz to 18 GHz!

L Port R Port L Port . R Port
+15 dBm 0 dBm +7 dBm 0 dBm
to to to to
+23 dBm +23 dBm +10 dBm +10 dBm

1 Option 201 adds 1.2 to 18 GHz High Frequency Phase Detector.
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Specifications

Source Output Ports

Four signal sources are built into the HP 11848A that can be
used as low-noise reference sources for your measurements.

The typical amplitude level and tuning range for each of the
HP 11848A’s internal sources are shown below.

Typical Amplitude and Tuning Ranges

Source Outputs | Amplitude = | Tuning
10 MHzZ A +15 dBm +100 Hz
10 MHz B +6 dBm +1 kHz
350-500 MHz +17 dBm +20 MHz
400 MHz —5 dBm Fixed Frequency
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Signal Source
Fundamentals

In This Chapter

This chapter contains information about making absolute
phase noise measurements of signal sources that is
fundamental to using the HP 3048A. It is important that you
understand the concepts contained in this chapter in order to
use the system effectively.
The topics covered in this chapter include:

B The noise measurement techniques

8 The Phase Lock Loop measurement technique

® The Discriminator Technique

8 AM Noise Measurements

B The system noise floor

® The measurement process

The Three
Measurement
Techniques

rev.12JUL88

The HP 3048A offers three measurement types for
measuring the noise of your signal source devices. Two for

.measuring. phase-noise and one for measuring AM noise.

(Measurement examples for each of the three measurement
types are provided in Chapter 3.)

The two phase noise measurement types are:
B The Phase Lock Loop technique and;

B The Discriminator technique.
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The Phase Lock  The Phase Lock Loop technique requires two signal

Loop Technique  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 manual focuses on
this measurement type for signal source measurements.

The Discriminator  The second measurement choice you have for measuring
Technique the phase noise of your signal source devices is the

Discriminator method. This method does not require a
second signal source. Instead, a discriminator is used to
demodulate the frequency fluctuations of the signal source.
The discriminator requirements for your measurement will
depend on the frequency offset range you wish to measure.
You can find a measurement example of the Discriminator
Method in Chapter 3. Refer to the HP3048A Reference
Manual for detailed information on the Calibration Process .
for the Disc Measurement Method.

AM Noise You can also characterize the AM noise level of a signal
Measurements  source using the HP 3048A system. Although an AM noise

measurement is generally of less concern for signal sources,
it can be useful for verifying your measurement results
when the measured phase noise is considerably higher
than what you expected. (Refer to Chapter 3 if you are
interested in further information about making an AM noise
measurement.)
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What You

@ shouid
Understand
About 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 device-under-test (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 HP 3048A.) Figure 2-1 shows
a simpified diagram of the PLL configuration used for the
measurement.

UNTUNED
SOURCE

PHASE
DETECTOR
INPUTS

vCOo
SOURCE

I

11848A

PHASE LOW-NOISE \
LOW-PASS PHASE
DETECTOR FILTER AMPLIFIER DETECTOR
OUTPUT

p’—.—-%—ib > > >

PHASE LOCK

LOOP CONTROL |

TUNE VOLTAGE

- OUTPUT

Figure 2-1. Simplified Block Diagram of the Phase Lock Loop Configuration

The Phase Lock
Loop Circuit

The Capture and Drift Tracking Ranges

Like other PLL circuits, the phase lock loop created for the
HP 3048A measurement has a Capture Range and a Drift
Tracking Range. The Capture Range is equal to 10% of the
system’s Peak Tuning Range, and the Drift Tracking Range is
equal to 20% 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 2-2 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.

TOTAL PEAK-TO-PEAK
TUNING RANGE OF VCO

o\

] 1
i L1l
|

VCO SOURCE
CENTER FREQUENCY

7 N
| SYSTEM |
PEAK TUNING RANGE
| ~ \
v ™~
DRIFT !
| TRACKING RANGE |
I
1 |
CAPTURE |
| RANGE |
I A~ |
1

Figure 2-2. Typical Relationship of Capture Range and Drift
Tracking Range to Tuning Range of VCO Source

As an Example:

A Peak Tuning Range of 1000 Hz will prdvide the
following ranges:

Capture Range = 0.10 x 1000 Hz =100 Hz .

Drift Tracking Range = 0.20 x 1000~Hz = 200 Hz
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Tuning Requirements

The Peak Tuning Range required for your measurement will
depend on the frequency stability of the two sources you
. are using. The signals from the two sources are mixed in
the HP 11848A’s Phase Detector to create a beatnote. In
order for the loop to acquire lock, the center frequencies
of the sources must be close enough together to create a
beatnote that is within the system’s Capture Range. Once
the loop is locked, the frequency of the beatnote must
remain within the Drift Tracking Range for the duration of
the measurement. In Figure 2-3, the ranges calculated in the
previous example are marked to show their relationship to
the beatnote frequency.

DRIFT TRACKING
RANGE

A\
75 N

I CAPTURE !
RANGE |

I/._JH
|
I

| I

| I BEATNOTE
| /—,

l

L

{

18% OF THE PTR

208% OF THE PTR

L | ]
@ Hz 108 Hz 200 Hz 1802 Hz

Figure 2-3. Relationship of Capture and Drift
Tracking Ranges to Beatnote Frequency
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If the beatnote does not remain within the Drift Tracking

Range during the measurement the out of lock detector will

be set and the HP 3048A will stop the measurement. If this
happens, you will need to increase the system’s Drift

Tracking Range by increasing the system’s Peak Tuning ‘
Range (if possible) or by selecting a VCO source with a

greater tuning range.

Selecting the VCO Source

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

Specifying Your VCO Source

When you set up your PLL measurement, you will need to .
know four things about the tuning characteristics of the

VCO source you are using. The HP 3048A will determine

the VCO source’s Peak Tuning Range from these four

parameters.

® Tuning Constant, estimated tuning sensitivity (Hz/V)

& Center Voltage of Tuning Range, (V)

8 Peak Voltage Tuning Range, (+V)

® Input Resistance of Tuning Port, (ochms)
The measurement examples in Chapter 3 that recommend a
specific VCO source will provide you with the tuning
parameters for the specified source. The Designing a

Measurement example in Chapter 3 will help you set up a
measurement using an unspecified VCO source.
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What Sets the
Measurement
Noise Floor?

The Noise Floor
of the HP 3048A

rev.05SEP89

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

B The noise floor of the HP 3048A

® The noise level of the reference source you are using

The noise floor of the HP 3048A is directly related to the

amplitude of the input signal at the R input port of the
HP 11848A’s Phase Detector.

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

+15 dBm 0 dBm +7 dBm 0 dBm
to to to to
+23 dBm +23 dBm +10 dBm +10 dBm

1 Option 201 adds the 1.2 to 18 GHz High Frequency Phase Detector.
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If the L port signal is within the amplitude range shown in
the preceding table, the signal level at the R input port sets
the noise floor for the system.

The following graph shows the relationship between the '
R input level and the system noise floor.

L PORT LEVEL +15dBm

2 +15
o
2
)
-
(W
-
4
<
&
a -5
-
[
G
o
« -15
-140 -150 -160 . -170 -180
EXPECTED PHASE NOISE FLOOR OF DUT (dBe/Hz)
f 2 1BkHz
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The Noise Level of
the Reference Source

Note

Unless it is below the system’s noise floor, the noise level of
the source you are using as the reference source will set the
noise floor for the measurement. When you set up your
measurement, you will want to use a reference source with a
noise level that is below the level of the source you are
going to measure.

The following graph demonstrates that as the noise level of
the reference source approaches the noise level of the DUT,
the level measured by the HP 3048A (which is the sum of
all noise sources affecting the system) is increased above the
actual noise level of the DUT.

3.9

2.5

2.8 A\
N
1.5 AN

1.0 AN

s ~.

=

\—

1 2 3 4 S 10 15

AMOUNT EXPECTED DUT NOISE
EXCEEDS REFERENCE NOISE (dB)

INCREASE IN MEASURED NOISE
DUE TO REFERENCE NOISE (dB)

Figure 2-4. Increase in Measured Noise as
Reference Source Noise Approaches DUT Noise

To help you select the appropriate reference source

for your measurement, the noise plots for the various
Hewlett-Packard signal source options are included in the
HP 3048A Reference Manual.
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The The following outline will give you an overview of the steps

you will go through when you measure the phase noise of a ‘
Measurement signal source using the Phase Lock Loop technique for the
Process first time. (Subsequent measurements of the same or a

similar source typically will not require that you repeat steps
A through C.)

‘A. Determine Equipment Required.
1. Determine reference source requirement.
o Estimate noise level of source-under-test.

o Select a reference source with an adequate noise
level.

Note If your source-under-test is not a VCO source, then the
reference source must be a VCO source.

2. Determine VCO source requirement. .

o Estimate drift characteristics of source-under-test
and reference source.

s Select a VCO source that will provide sufficient
drift tracking.

B. Define Measurement Parameters.

1. Determine the tuning parameters for the VCO
source you are using.

2. Complete the five steps listed on the HP 3048A’s
Measurement Definition Menu.

C. Set Up Hardware.

1. Connect the source you wish to test and the
reference source to the HP 11848A. (One of the

sources must be a VCO.) '

D. Run Measurement.

1. Adjust center frequency of sources if necessary to
position beatnote within Capture Range.
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E. Evaluate Measurement Results.
1. Look for any questionable or problem areas on the
noise graph.
2. Compare graph against known or expected data.

3. If necessary, use HP 3048A to gather additional data
about the noise characteristics of your source.

The process described in the above outline is covered in
much greater detail in Chapter 3. The examples provided in
Chapter 3 will step you through the setup and measurement
procedures.

When you wish to measure the phase or AM noise of your

own source, turn to Chapter 3 and select the example
provided for measuring your device type.

Signal Source Fundamentals 2-11




Signal Source

Applications




' 3 o Signal | Source

Applications
|
Measurement This chapter contains measurement examples to help you
measure the phase or AM noise of your signal sources. A
Examples list of the measurement examples is provided on the next
- page.

Turn to the next page and look through the list of
measurement examples in the Directory table. Once you
have identified the appropriate example for measuring your
source, turn to the page indicated in the Directory table
and follow the procedures for setting up and running your

. measurement.

This chapter also contains a Problem Solving section. A
list of the topics covered in the Problem Solving section is
provided on the first page of that section.
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Phase Lock Loop Measurements

Note To configure a phase noise measurement effectively,
you should have a fundamental understanding of the ‘
measurement technique you are using. Insight into the Phase
Lock Loop measurement technique is provided in Chapter 2.

Source Drift

You will find that the Phase Lock Loop measurement
examples presented on the next page are differentiated by
the drift characteristics of the source being measured. (The
drift estimates shown for each example are for a period of
approximately 30 minutes.)

For further information in determining source drift, referto
“Determining the PTR Required for Drift Tracking” in the
Instr Params section of Chapter 2 Measurement Definitions
of the HP3048A Reference Manual.
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When you need to know how to measure;

Refer to:

Phase Lock Loop Measurements

o A very stable 10 MHz oscillator (drift <0.1 Hz) such
as a frequency standard..

o A stable RF oscillator (drift < 20 ppm) such as a VHF
crystal, RF crystal, SAW,

orDRO. .....................

o A free-running RF oscillator (drift > 20 ppm) such as

an LC or cavity tuned oscillator or a SAW delay line

OSCILIAEOT . . . .o e e e

e An RF synthesizer using the HP 8662A or HP 8663A. .

o A microwave source (2.5 to 18 GHz) such as a

synthesizer, multiplier chain, or phase-locked cavity

tuned oscillator..........

specified in the examples

Discriminator Measurement

AM Noise Measurements
e The AM noise of an RF source using an HP 11792C

o An RF source using a different reference source than is

o An RF source using the Discriminator measurement
technique. ...............

(Option 130) Carrier Noise Test Set. ...................

o The AM noise of an RF source using an HP 33330C

10 MHz Frequency
Standard (pg. 3-3)

Stable
RF Osclliator(pg. 3-15)

Free-Runnlng
RF Oscillator(pg. 3-28)

RF
Synthesizer (pg. 3-42)

Microwave
Source (pg. 3-60)

Designing a
Measurement
(pg. 3-72)

Discriminator
Measurement
(pg. 3-95)

AM Noise Using an
HP 11729C (pg. 3-104)

Detector. ........coiiiiiiiiii it AM Noise Using an
HP 33330C (pg. 3-111)
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10 MHz Frequency
Standard

Note

This measurement example will help you measure the phase
noise of a stable 10 MHz oscillator with frequency drift of
<0.1 Hz over a period of thirty minutes.

Required Equipment
The following equipment is required for this example in

addition to the standard HP 3048A system and your
device-under-test (DUT).

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

51 PX8662/3A Must have EFC Input Port.

4 | And adequate adapters to connect to
DUT.
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Defining the Measurement

1. Press the key which is available at the
Main Software Level on the HP 3048A. .

2. Press the key.

3. Move the cursor down until it is positioned at the file
labeled HP EXAMPLE 10 MHZ FREQUENCY
STANDARD. The appropriate measurement parameters
for this example have been prestored in this file.

4. Press the key.

5. After the system has completed the file loading
sequence, press the key. Parameter entry is now
completed for this measurement example. (Table 3-1
lists the parameter data that has been entered for this
measurement example.)

6. Press to return to the Main Software Level. ‘
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Table 3-1. Parameter Data for the 10 MHz Frequency Standard Measurement Example

Parameters - ... .

Measurement Type
Frequency Range

Phase iéTée U‘Singﬂ a Phase Lock Léop

1 | Start Freq. 1 Hz
Stop Freq. 100 E + 3 Hz
Averages 4
Source Parameters
Carrier Frequency 10E + 6 Hz
Detector/Discr. Input Frequency 10E + 6 Hz
VCO Tuning Constant 50 E — 3 Hz/Vv
2 | Center Voltage of VCO Tuning Curve 0 Volts
Voltage Tuning Range of VCO +10 Volts
VCO Tune-Port Input Resistance 1 E + 6 ohms
Internal Phase Detector 5 MHz to 1600 MHz
Phase Detector Constant Measure the Detector Constant
3 | VCO Tuning Constant Measure the VCO Tuning Constant
PLL Suppression Will be verified
Source Control DN CONV. HP 11848A
bt NOT IN USE
USER’S SRCE “ f
MANUAL CNTRL
__REF SOURCE__
USER’S SRCE
4 MANUAL CNTRL [~ @'
__TIME BRSE___ :
NOT IN USE :
Note: This example assumes the DUT will be controlled manually. If you wish for the DUT to
be controlled by the HP 3048A, select SYSTEM CNTRL for the DUT in the diagram, and
enter the appropriate Setup String, including: Address, frequency, and amplitude settings.
Define Graph
Title 10 MHz FREQUENCY STANDARD VERSUS
HP 8662/3A 10 MHz REF OUT
Minimum X 1 Hz
5 | Maximum X 100 E + 3 Hz
Minimum Y —-170
Maximum Y 0
Graph Type Single Sideband Phase Noise (dBc/Hz)
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Beginning the Measurement

1. Press the key.

2. Press . The HP 3048A now addresses each ‘
of the instruments listed in its System Configuration
table. If it does not receive a response at the address
listed for an instrument, it will inform you with a
displayed warning. (Refer to Appendix A if you need
information about adding or changing an instrument in
the HP 3048A’s System Configuration table.)

3. When the Connect Diagram appears on the
HP 3048A’s display, connect the signal paths as shown
in Figure 3-1. (Figure 3-1 differs from the Connect
Diagram shown on the HP 3048A’s display.) Table 3-2
provides setup considerations that will help you ensure
that your measurement results will be valid.

Note  Although not shown in the setup diagram, the rear-panel .
cable connection described in Appendix A (SOURCE OUT
to NOISE INPUT) is required. Also, the 5002 load must be
connected to the SPECTRUM ANALYZER OUTPUT when
an RF spectrum analyzer is not being used.

The setup configuration used for this measurement example
takes advantage of a 10 dB amplifier available within the
HP 11848A. (This low noise amplifier has been designed for
use with signal sources whose output level is below the +15
to +23 dBm range required at the L input port on the

HP 11848A. The low noise amplifier should only be used
for signals below 200 MHz.) Figure 3-2 shows a simplified
diagram of the amplifier connections.
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HP 3561A DYNAMIC
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Figure 3-1. Setup Diagram for the 10 MHz Frequehcy Standard Measurement Example.

HP 11848A PHASE NOISE INTERFACE
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VOLTAGE ] REFERENCE | 19 Wiz | SOURCE |
oUTRUT | ourPuT | |
t-m - - | 18 MHz A
10 &B

I AMPLIFIER !
——————————— E

18 MHz

ouTPUT

o R
g —— AMPLIFIER
EFC IN INPUT
—

coo

00....
2 [Eoee _
oo o ——
soioa| ] jonos = 00| oo
ool |O00a -/ { O
—
HP 8662/3A : HP 1184BA PHASE NOISE INTERFACE

Figure 3-2. Simplified Diagram of the HP 8662/3A’s Reference
Oscillator and HP 11848A’s Internal Amplifier Setup.
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Table 3-2. Setup Considerations for the 10 MHz Frequency
Standard Measurement Example (1 of 2).

Setup Considerations

Comments

Measurement Noise Floor

The signal amplitude at the R input port on the HP 11848A sets
the measurement noise floor level. Use the following graph to
determine the amplitude required to provide a noise floor level
that is below the expected noise floor of your 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.)

L PORT LEVEL +15dBm

+5

-5

-1S

R PORT SIGNAL LEVEL (dBm)

-148 -150 -160 ~-17@ -188

EXPECTED PHASE NOISE FLOOR OF DUT (dBc/Hz)
f 2 10kHz

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

HP 11848A input. (Refer to Inserting a Device in the Problem
Solving section of this chapter for details on determining the
effect that the amplifier's noise will have on the measured noise
floor.)

3-8 Signal Source Applications




Table 3-2. Setup Considerations for the 10 MHz Frequency
Standard Measurement Example (2 of 2).

Setup

‘ HP 8662A or HP 8663A VCO
Reference

This setup uses the HP 8662/3A’s internal reference oscillator
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. If you have an idea of the
expected level of your device, you may want to compare it to
the noise characteristics graph shown for the HP 8662/3A’s
reference oscillator in the HP 3048A Reference Manual.

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:

1. Filtering on power supply lines

2. Protection from microphonics

3. Short coax cable connections

4. Shielding from air currents may even be necessary.
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Checking the Beatnote

While the hardware Connect Diagram is being displayed on

the HP- 3048A, we recommend that you check the beatnote

being created between the HP 8662/3A’s 10 MHz reference .
and your source-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.

For this measurement setup, the phase lock loop (PLL)
Capture Range is 10% of the 0.5 Hz Peak Tuning Range, or
0.05 Hz. (Refer to Chapter 2 if you are not familiar with the
relationship between the PLL Capture Range and the Peak
Tuning Range of the VCO.)

Note  If the center frequencies of the sources are not close enough
to create a beatnote within the Capture Range, the
HP 3048A will not be able to complete its measurement.

If the beatnote frequency is below 100 kHz, it should
appear on the HP 3561A. The HP 3561A is configured to
display the beatnote signal in both the frequency domain
and the time domain. If the beatnote does not appear on the
HP 3561A, then the beatnote is either greater than 100 kHz
or it does not exist.’
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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. You may have to look
carefully at the HP 3561A’s display to see a beatnote close
to 0 Hz.

1. As you observe the beatnote, adjust the beatnote
frequency, if necessary, so the time domain display is
showing less than 1 full cycle across the screen. A
tuning screw labeled Fine Frequency Adjust is provided
on the rear panel of the HP 8662/3A for adjusting the
center frequency of the 10 MHz reference.

SPAN 100 000 Hz AANGE: -7 dBV STATUS: PAUSED 0-100kHz
A: MAG .
-7 .
dBv
.................................................................................................. DEFINE
START
DEF INE
CENTER
10 L ~ Time Domain - DEFINE
dB ’ SPAN
/DIV
......................... ErInE
TIME LEN
. : . . : . . . . FRG AXIS
s e e R S R e s LIN Loe
_— . . . . . : : . .
START: 0 Hz BW. 954.85 Hz STOP: 100 000 Hz

Figure 3-3. HP 3561A Display of a Beatnote Close to 0 Hz
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Note If you are able to locate the beatnote, but it distorts and
then disappears as you adjust it towards 0 Hz, your sources
are injection locking to each other. Set the beatnote to the
lowest frequency possible before injection locking occurs '
and then refer to Minimizing Injection Locking in the Problem
Solving section of this chapter for recommended actions.

2. When the time domain display on the HP 3561A is
showing less than one full cycle, decrement the
HP 3561A’s span width. The |3561 Span| key provided on
the HP 3048A’s display decrements the HP 3561A’s
span width each time it is pressed. To increment the

span width, press the SHIFT key on your keyboard and
at the same time.

3. Reduce the beatnote so that the time domain display
shows less than one cycle across the screen.

4. Continue decrementing the HP 3561A’s span and ‘
reducing the beatnote frequency until the span width
setting is 10 Hz.

5. Reduce the beatnote frequency to within the 0.05 Hz

Capture Range (less than two cycles on the display
with the span set to 10 Hz).
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Note

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.

6. As you observe the beatnote, compare its level to the
following chart to determine the approximate
measurement noise floor for the measurement. If
the beatnote level will not provide an adequate
measurement noise floor to measure your device,
increase the signal level at the R input port of the
HP 11848A.

-140 T T
7 | |
o
2.t — — — — L= 1 - -
wd | |
253 | |
af -8+ — — — — = - "7
we |
<5 | |
9w+ - —— - — T—— == =~ — 1
Xl
(]
& ] ]
& -1ee T ! T > T

BEATNOTE LEVEL ON HP 3561A (dBv)

Figure 3-4. The Measurement Noise Floor Can Be
Estimated From the Level of the Beatnote.
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Running the Measurement

1. Press when you have completed the beatnote
check and are ready to run the measurement. l

When the measurement is complete, refer to Chapter 6 for
help in evaluating your measurement results.

If the HP 3048A has problems completing the measurement,
it will inform you by placing a message in its display. For
recommended recovery actions, refer to Interpreting Display
Messages in the Problem Solving section of this chapter.

Figure 3-5 shows a typical phase noise curve for a 10 MHz
Frequency Standard. This plot was generated by the
HP 3048A.

TYPICAL NOISE CURVE FOR R 1@ MHZI FREQUENCY STANDARD
Chp) 3048R Carriar: 10.E+6 Hz 12 Jan 1987 19:87:04 — 19:12:33
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—20 - : : -
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—80 Plag-eeeeees
-1ee -
—11@ freeenst

120 Feereee e

_l3e e FRETEie ...,E .......
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1 L (f) [dBes/Hz1 vs fIHz] 2M

Figure 3-5. Typical Phase Noise Curve
for a 10 MHz Frequency Standard.
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Stable RF Oscillator

Note

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.

Required Equipment
The following equipment is required for this example in

addition to the standard HP 3048A system and your
device-under-test (DUT).

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

[ Gerffmens L €

1 | Refer to Selecting a Reference in the
Problem Solving section of this
chapter for information about
reference source requirements.

3 | And adequate adapters to connect
DUT and reference source to
HP 11848A.
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Defining the Measurement

1. Press the key which is available at the
Main Software Level on the HP 3048A.

2. Press the key. ‘

3. Move the cursor down until it is positioned at the file
labeled HP EXAMPLE STABLE RF OSCILLATOR.
The appropriate measurement definition parameters for
this example have been pre-stored in this file.

4, Press the key.

5. After the system has completed the file loading
sequence, press the key. (Table 3-3 lists
the parameter data that has been entered for this
measurement example.) Note that the source parameters
entered for step 2-on the table may not be appropriate
for the sources you are using.

6. To change these values, press the key,

and enter the carrier (center) frequency of your DUT
(5 MHz to 1.6 GHz). Enter the same frequency for the ‘
Detector Input Frequency.

7. Enter the estimated Tuning Constant (tuning
sensitivity in Hz/V), Tuning Curve Center Voltage
and Range, and Tune-Port Input Resistance for the
VCO source you are using.

.
N

Note If you do not know the exact Tuning Constant for your VCO
source, an estimate that is within a factor of 2 is close
enough as long as you have the HP 3048A measure the
exact value for you before it makes its noise measurement. If
you estimate the Tuning Constant, enter the input resistance
as.1 E + 6. If you do know the exact Tuning Constant, enter
it and enter the actual input resistance of your VCO.

8. When you have completed these operations, press
to exit the parameter entry menu, and then

press again to return to the Main Software
Level.
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Table 3-3. Parameter Data for the Stable RF Oscillator Measurement Example

Step Parameters : Data oo
Measurement Type Phase Noise Using a Phase Lock Loop
Frequency Range

1 | Start Freq. 1 Hz
Stop Freq. 100 E + 3 Hz
Averages 4
Source Parameters
Carrier Frequency 125 E + 6 Hz
Detector/Discr. Input Frequency 125 E + 6 Hz
VCO Tuning Constant 250 Hz/V
2 | Center Voltage of VCO Tuning Curve 0 Volts
Voltage Tuning Range of VCO +10 Volts
VCO Tune-Port Input Resistance 1 E + 6 ohms
Internal Phase Detector 5 MHz to 1600 MHz
| Phase Detector Constant Measure the Detector Constant
3| vco Tuning Constant Measure the VCO Tuning Constant
PLL Suppression Will be verified
Source Control ON CONY. HP 11848R
ouT NOT IN USE
USER’S SRCE “ l’
MANUAL CNTRL —I
_REF SOURCE__
USER’S SRCE
4 MANVAL CNTRL [ g
_TIME BASE_ :
NOT IN USE :
Note: This example assumes the DUT will be controlled manually. If you wish for the DUT to
be controlled by the HP 3048A, select SYSTEM CNTRL for the DUT in the diagram, and
enter the appropriate Setup String including: Address, frequency, and amplitude settings.
Define Graph '
Title STABLE RF OSCILLATOR VERSUS SIMILAR
REFERENCE SOURCE.
Minimum X 1 Hz
5 | Maximum X 100 E + 3 Hz
Minimum Y -170
Maximum Y 0
Graph Type Single Sideband Phase Noise (dBc/Hz)
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Beginning the Measurement

1. Press the key.

2. Press [Yes, Proceed]. The HP 3048A now addresses each
of the instruments listed in its System Configuration
table. If it does not receive a response at the address
listed for an instrument, it will inform you with a
displayed warning. (Refer to Appendix A if you need
information about adding or changing an instrument in
the HP 3048A’s System Configuration table.)

3. When the Connect Diagram appears on the
HP 3048A’s display, connect the signal paths as shown
in Figure 3-6. (Figure 3-6 differs from the Connect
Diagram shown on the HP 3048A’s display.) Table 3-4
provides setup considerations that will help you ensure
that your measurement results will be valid.

Note  Although not shown in the setup diagram, the rear-panel
cable connection described in Appendix A (SOURCE OUT
to NOISE INPUT) is required. Also, the 502 load must be ‘
connected to the SPECTRUM ANALYZER OUTPUT when
an RF spectrum analyzer is not being used.

The setup configuration used for this measurement example
takes advantage of a 10 dB amplifier available within the
HP 11848A. (This low noise amplifier has been designed for
use with signal sources whose output level is below the +15
to +23 dBm range required at the L input port on the

HP 11848A. The low noise amplifier should only be used
for signals below 200 MHz.) Figure 3-7 shows a simplified
diagram of the amplifier connections.
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REFERENCE SOURCE DEVICE UNDER TEST

F=TO AMPLIFIER
— INPUT

vo‘,_"-';'fgg (45 to +8dBn) /]
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a
=

o

Figure 3-6. Setup Diagram for the Stable RF Oscillator Measurement Example.
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Figure 3-7. Simplified Diagram of the Reference Source
and HP 11848A’s Internal Amplifier Setup.
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