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• 1 Getting Started 

Designed to 
Meet Your 
Needs 

Note 

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 

r 
TO MAKE H PHASE NOISE 'MEASUREMENT: 

1) Define the measurement C Press 'Define Hsrmnt' ] 
2) Measure the noise. 

A. Repeat the previous measurement...[ Press 'Repeat Msrmnt.'] 
OR B. Make a new measurement [ Press 'New Msrmnt.'] 

To describe the system hardware configuration [ Press 'System Config' ] 
To access the latest graph of test results [ Press 'Access Graph' ] 
To load a typical measurement and its graph C Press 'System Preset' ] 
To perform advanced-user operations C Press 'Spcl. Funct'n'] 

You should be at the Main Software Level to begin this 
procedure. (If you are not, press the |Done| or Abort 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.) 
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Figure 1-1. Example of Menu Accessing Hierarchy 

2. Press |Yes, Proceed . 

3. Press the New Msrmnt key. 

4. Press |Yes, Proceed]. 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 

a 
3561R 

Press 'Proceed' when ready. 

D I 0 E 3 0 

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

NOtG Although not shown, the rear-panel interconnection 
(SOURCE OUT to NOISE INPUT) described in Appendix A 
is required. Also, the 50fi 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 
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Figure 1-2. HP 3561A Display Showing Low Frequency 
Beatnote in Frequency and Time Domains 

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. 

Press the |lll!MIt|rj| 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 

Figure 1-3. Simplified Block Diagram of Measurement Setup 



R nninn the *' ^ r e s s Proc:eed when you are ready to run the 
Measurement measurement. Because you selected the |NewsMsrmnt| 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 t n e 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. (Rirther 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 Done to return to the Main Software Level. 

H P 3 B 4 B H DEMO: 10 MHz " R " v s . 10 MHz " B 1 

[ h p ] 30+BR C a r r i e r : 10.E+G Hz 2G Jan 199? 1 7 : 5 5 : 0 8 - 1 7 : 5 B : 0 1 
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Figure 1-4. Typical Noise Curve for a 
10 MHz A versus 10 MHz B Measurement 

1-12 Getting Started 



Congratulations 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. 

To Learn More 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 beginning a 
Be§^atjMs|i|int| and Efftw Msrnint]. When you measurement, 

begin your measurement by pressing the |New.Msrmnt| 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 
Repeat Msrmnt key, the HP 3048A w i l l use the same 
calibration data it used for the previous measurement. 

Note You should always select the NewM r̂mnt] 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 
Own Measurement 

Defining a 
Measurement 

To set up the demonstration measurement, you pressed the 
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 Define Msrmnt key. 

TO DEFINE A fMEflSUREMENT': *" 

1) Specify Measurement Type and Freq. Range..[ Press 'Type / Range' ] 
2) Enter Source and Interface 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' ] 

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' ] 

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 Type/Range key now to access the procedures 
for step 1 on the menu. 

MEASUREMENT TYPE: 
TO SELECT..! Press 'Next Type'] 

Phase Noise Hithout Using a PLL 
Phase Noise Using an FM Discriminator 
AM Noise 
Noise Measurement Using HP3561A Only 

OFFSET FREQUENCY RANGE: 
ENTER THE FOLLOWING.. 

Start Freq..t| 10 
Stop Freq..[ T00.E»3 
Averages [ Q ] 

|] Hz 
] Hz 

Acceptable Values: l.E-3 TO 40.E»6 

To return to 'MEASUREMENT DEFINITION' I Press 'DONE' ] 

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 Next Type | 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. 

4. Press 
menu, 

Done to return to the Measurement Definition 
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Signal Source Operation 
1. Press the Instr Params key. 

B U n H B U B S B 
ENTER THE FOLLOWING PARAMETERS: 

Carrier Frequency [| 10.E+6 |] Hz 
Detector/Discr. Input Frequency [ 10.E+6 ] Hz 
VCO Tuning Constant [ 100 ] Hz/Volt 
Center Voltage of VCO Tuning Curve [ 0 ] Volts 
Voltage Tuning Range of VCO ♦/- [ 2 ] Volts 
VCO Tune-port Input Resistance [ l.E+6 ] Ohms 
Acceptable Values: 1 TO 110.E*9 

SELECT fl PHASE DETECTOR C Press 'Select Detect.' ] 

Internal Phase'Detector: 1.2 GHz to 18 GHz 
External Phase/flH Detector 

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

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 Done key. 
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The Calibration Methods 

1. Press the Calibr Process key. 

Select a method for determining the PHASE DETECTOR CONSTANT. 

Use the current Detector Constant 

Select a method for determining the VCO TUNING CONSTANT. 

Use the current Tuning Constant 

Compute from expected T. Constant 

The computed PLL suppression J I be verified. 

To return to the previous menu [ Press 'DONE' ] 

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 Done key. 
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The Measurement Setup 

1. Press the Source Control key. 

DUT 
10 MHz 'A ' 
SYSTEM CNTRL 

_ D N C0NV._ 
NOT IN USE 

_REF S0URCE_ 
10 MHz 'B' 
SYSTEM CNTRL 

.TIME BASE_ 
NOT IN USE 

HP U848A 

TUNE VOLTAGE 

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. 
• Which instruments will be under HP-IB system control. 

(The Control softkey enables you to specify the control 
you desire for the instrument selected in the diagram.) 

• What the interconnecting signal paths will be. 
2. Press the Done key. 



The Results Graph 
1. Press the Define Graph | key. 

ENTER THE FOLLOWING PARAMETERS: 

Titie..[Q HP3048A DEMO: 10 MHz "A" vs. 10 MHz "B" | 
Minimum X coordinate [ 10 Hz ] 
Maximum X coordinate ...[ 100.E+3 H z ] 
Minimum Y coordinate [ -170 ] 
Maximum Y coordinate [ 0 3 

SELECT A GRAPH TYPE I Press 'Graph Type' ] 

Phase Modulation Spectral Density (dB/Hz) 
FM Spectral Density (Hz/SQR(Hz)) 
Spectral Density of Fractional Freq. Fluctuations (l/SQR(Hz)) 

To return to 'MEASUREMENT DEFINITION' [ Press 'DONE' 

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 Done key. 
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The Test Files 
1. Press the Test Files key. 

i N fl H E 

B DEFAULT | 
HEWLETT-PACKARD FACTORY NOISE FLATNESS TEST 
HEWLETT-PACKARD FACTORY NOISE FLOOR TEST 100 K 
HEWLETT-PACKARD FACTORY NOISE FLOOR TEST 40 M 
HEWLETT-PACKARD FACTORY SPUR ACC. TEST 100K 
HEWLETT-PACKARD FACTORY SPUR ACC. TEST 500K 
HP EXAMPLE 10 MHZ FREQUENCY STANDARD 
HP EXAMPLE AM NOISE (HP 8662/3 AND HP 11729C) 
HP EXAMPLE AM NOISE (HP 8662/3 AND HP 33330C) 
HP EXAMPLE DESIGNING A MEASUREMENT 

To return to 'MEASUREMENT DEFINITION' t Press 'DONE' ] 

DATE STORED 

16 Mar 1987 
26\JarU?87 
13 Feb 1987 
13 Feb 1987 
26 Jan 1987 
26 Jan 1987 
12 Mar 1987 
26 Jan 1987 
26 Jan 1987 
26 Jan 1987 

STORED AS 

PARM 6 
PARM 5 
PARM 3 
PARM 2 
PARM 4 
PARM 1 
PARM 8 
PARM 9 
PARM 10 
PARM.13 

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 System Preset 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.) 
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You can also create your own test files by entering a test file 
name and then pressing the Store File key. When you press 
the |Store File] key, a test file will be created which contains 
the current contents of each of the five parameter entry 
menus. 

2. Press Done once to return to the Measurement 
again to return Definition Menu, and then press 

to the Main Software Level. 
Done 

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 

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. 

SESQB 

0.01 to 1 Hz 

1 to 10 Hz 

10 Hz to 100 kHz 

10 Hz to 2 MHz 

10 Hz to 40 MHz 

17 

2 

3 

4.5 

6 
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Specifications 

Reliable Accuracy 

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

Frequency Offset Range 

0.01 MHz to 1 MHz 

1 MHz to 40 MHz 

Accuracy 

±2dB 

±4dB 

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 Getting Started 1-25 



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. 
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OFFSET FREQUENCY (Hz) 

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

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 +10 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 
Amplltude Range 

OQ 

2 O 

< o < 
ec 
CD u D 

+20 

+ 10 

0 
5 MHz tc 
Detector 

3 1.6 GHz 
AmplItuc 

Phase * 
le Range 

0 +5 +10 +15 +20 

R INPUT SIGNAL LEVEL (dBm) 

+25 

L Input Signal: > +15dBm (5 MHz - 1.6 GHz Phase Detector) 
> +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 

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. 

Frequency Ranges 

Carrier Frequency 

5 MHz to 1.6 GHz * 

Frequency Offset 

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 

LPort 

+15 dBm 
to 

+23 dBm 

R Port 

0 dBm 
to 

+23 dBm 

1.2 GHz to 18 GHz1 

LPort 

+7 dBm 
to 

+10dBm 

R Port 

0 dBm 
to 

+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 

10 MHz A 

10 MHz B 

350-500 MHz 

400 MHz 

Amplitude 

+15 dBm 

+6 dBm 

+17 dBm 

- 5 dBm 

Tuning 

±100 Hz 

±1 kHz 

±20 MHz 

Fixed Frequency 
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• 2 Signal Source 
Fundamentals 

In This Chapter 

The Three 
Measurement 
Techniques 

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: 
■ The noise measurement techniques 
■ The Phase Lock Loop measurement technique 
■ The Discriminator Technique 

■ AM Noise Measurements 
■ The system noise floor 
■ The measurement process 

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: 
■ The Phase Lock Loop technique and; 
■ The Discriminator technique. 
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The Phase Lock 
Loop Technique 

The Discriminator 
Technique 

AM Noise 
Measurements 

The Phase Lock Loop 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 manual focuses on 
this measurement type for signal source measurements. 

The second measurement choice you have for measuring 
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. 

You can also characterize the AM noise level of a signal 
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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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. 

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

The Phase Lock The Capture and Drift Tracking Ranges 
Loop Circuit 

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. 

What You 
Should 
Understand 
About the Phase 
Lock Loop 
Technique. 
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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. 

/ 
1 
1 
1 1 
1 
1 
1 

TOTAL PEAK-TO-PEAK 
TUNING RANGE OF VCO 

■ ^ 

SYSTEM 
PEAK TUNING RANGE 
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DRIFT 
TRACKING RANGE 

1 1 
CAPTURE 1 RANGE 1 
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CENTER FREQUENCY 

N 

S 

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 provide the 
following ranges: 

Capture Range - 0.10 x 1000 Hz = 100 Hz 

Drift Tracking Range = 0.20 x 1000x#z = 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 

• 
1 CAPTURE 

RANGE 

10X OF THE PTR 

20X OF THE PTR 

100 Hz 200 Hz 1000 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) 
■ Peak Voltage Tuning Range, (±V) 
■ Input Resistance of Tuning Port, (ohms) 

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 for your measurement will be set by two 
things: 

■ The noise floor of the HP 3048A 

■ The noise level of the reference source you are using 

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

PGESD®3Q3S[a7 

s caste fiDflcQoxfe uaoteosiBexb2 

(LRLGQ CGREE3 (LRUS C3R£03 

+15 dBm 
to 

+23 dBm 

0 dBm 
to 

+23 dBm 

+7 dBm 
to 

+10 dBm 

OdBm 
to 

+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 

-140 -150 -160 -170 -180 
EXPECTED PHASE NOISE FLOOR OF DUT CdBc/Hz) 

f > 10kHz 
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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 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. 
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Figure 2-4. Increase in Measured Noise as 
Reference Source Noise Approaches DUT Noise 

Note 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 following outline will give you an overview of the steps 
you will go through when you measure the phase noise of a 
signal source using the Phase Lock Loop technique for the 
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. 

• Estimate noise level of source-under-test. 

• 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. 
• Estimate drift characteristics of source-under-test 

and reference source. 
• 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. 

The 
Measurement 
Process 
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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. 
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• 3 Signal Source 
Applications 

Measurement 
Examples 

This chapter contains measurement examples to help you 
measure the phase or AM noise of your signal sources. A 
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, refer to 
"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 

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

Standard (pg. 3-3) 

• A stable RF oscillator (drift < 20 ppm) such as a VHF 
crystal, RF crystal, SAW, or DRO Stable 

RF Osclllator(pg. 3-15) 

• A free-running RF oscillator (drift > 20 ppm) such as 
an LC or cavity tuned oscillator or a SAW delay line 
oscillator Free-Running 

RF Osclllator(pg. 3-28) 

• An RF synthesizer using the HP 8662A or HP 8663A. . RF 
Synthesizer (pg. 3-42) 

• A microwave source (2.5 to 18 GHz) such as a 
synthesizer, multiplier chain, or phase-locked cavity 
tuned oscillator Microwave 

Source (pg. 3-60) 

• An RF source using a different reference source than is 
specified in the examples Designing a 

Measurement 
(pg. 3-72) 

Discriminator Measurement 

• An RF source using the Discriminator measurement 
technique Discriminator 

Measurement 
(pg. 3-95) 

AM Noise Measurements 

• The AM noise of an RF source using an HP 11792C 
(Option 130) Carrier Noise Test Set AM Noise Using an 

HP 11729C (pg. 3-104) 
• The AM noise of an RF source using an HP 33330C 

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

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). 

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

■EquiprrTentB 

^̂ ^̂ Ĥ 
©§m (<Mfti@ 

1 @& II ©siinn3]iX& 1 

1 

4 

Must have EFC Input Port. 

And adequate adapters to connect to 
DUT. 

Signal Source Applications 3-3 



Defining the Measurement 

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

2. Press the Test Files key. 

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 Load File key. 

5. After the system has completed the file loading 
sequence, press the Done 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 Done to return to the Main Software Level. 
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Table 3-1. Parameter Data for the 10 MHz Frequency Standard Measurement Example 
Step 

1 

2 

3 

4 

5 

Parameters 
Measurement Type 
Frequency Range 
Start Freq. 
Stop Freq. 
Averages 
Source Parameters 
Carrier Frequency 
Detector/Discr. Input Frequency 
VCO Tuning Constant 
Center Voltage of VCO Tuning Curve 
Voltage Tuning Range of VCO 
VCO Tune-Port Input Resistance 

Internal Phase Detector 
Phase Detector Constant 
VCO Tuning Constant 
PLL Suppression 
Source Control 

DUT 
USER'S SRCE 
MANUAL CNTRL 

REF SOURCE 
USER'S SRCE 
MANUAL CNTRL 

TIME BASE 
NOT IN USE 

Data 
Phase Noise Using a Phase Lock Loop 

1 Hz 
100 E + 3 Hz 
4 

10E + 6HZ 
10E + 6HZ 
50 E - 3 Hz/V 
0 Volts 
±10 Volts 
1 E + 6 ohms 

5 MHz to 1600 MHz 
Measure the Detector Constant 
Measure the VCO Tuning Constant 
Will be verified 

ON CONV. 
NOT IN USE 

~l 

■ 

HP 11848A 

z&-
TUNE VOLTAGE 

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 

Minimum X 
Maximum X 
Minimum Y 
Maximum Y 

Graph Type 

10 MHz FREQUENCY STANDARD VERSUS 
HP 8662/3A 10 MHz REF OUT 
1 Hz 
100 E + 3 Hz 
-170 
0 

Single Sideband Phase Noise (dBc/Hz) 
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Beginning the Measurement 

1. Press the New Msrmnt 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 3-1. (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 50fi 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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Figure 3-1. Setup Diagram for the 10 MHz Frequency Standard Measurement Example. 

FROM TUNE 
VOLTAGE 
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11B48A PHASE NOISE INTERFACE 

\ 0 
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AMPLIFIER D> 

10 MHz 
SOURCE 

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 

1 
? 5 
1 
CO 

s 
(t 

+ 15 

+5 

-5 

-IS 
-MB -150 -160 -170 -180 

EXPECTEO PHASE NOISE FLOOR OF DUT (dBc/Hz) 
f > 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.) 
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Table 3-2. Setup Considerations for the 10 MHz Frequency 
Standard Measurement Example (2 of 2). 

I ©sou? @aj]gMiniffl2aB || @annJDSooaD I 

HP 8662A or HP 8663A VCO 
Reference 

Measurement Environment 

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. 

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. 
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A: MAG 
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START 

DEFINE 
CENTER 

DEFINE 
SPAN 

DEFINE 
TIME LEN 

FRO AXIS 
LIN LOG 

START: 0 Hz BN: 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 J3561 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 
3561 Span 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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NotG 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. 

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. 
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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 Proceed when you have completed the beatnote 
check and are ready to run the measurement. 

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. 
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- 6 3 
- 7 0 
- 8 0 
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-100 
-1 10 
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-130 
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-1S0 
-173 

T Y P ICR L NOISE CURVE FOR R 10 MHZ FREQUENCY STHNDRRD 
Chp] 3048H C t r n a r : 10.E+6 Hz 12 Jan 19B7 13:07:04 - 19:12:33 

IB 100 IK 1BK 
£ Cf ) C d B o / H z ] vs f [ H z : 

Figure 3-5. Typical Phase Noise Curve 
for a 10 MHz Frequency Standard. 
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Stable RF Oscillator This measurement example will help you measure the phase 
noise of a stable RF oscillator with frequency drift of 
< 20 ppm over a period of thirty minutes. 

Required Equipment 

The following equipment is required for this example in 
addition to the standard HP 3048A system and your 
device-under-test (DUT). 

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

1 @5irf)TinmfJ II <3ft II ©annnarte 1 

©sm©eMm 

1 

3 

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

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

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

2. Press the Test Files key. 
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 Load File key. 
5. After the system has completed the file loading 

sequence, press the Done 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^pn the table may not be appropriate 
for the sources you are using. 

Instr. Params key, 6. To change these values, press the 
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. 

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 
Done 

press 
Level 

to exit the parameter entry menu, and then 
again to return to the Main Software Done 
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Table 3-3. Parameter Data for the Stable RF Oscillator Measurement Example 
Step 

1 

2 

3 

4 

5 

Parameters 
Measurement Type 
Frequency Range 
Start Freq. 
Stop Freq. 
Averages 
Source Parameters 
Carrier Frequency 
Detector/Discr. Input Frequency 
VCO Tuning Constant 
Center Voltage of VCO Tuning Curve 
Voltage Tuning Range of VCO 
VCO Tune-Port Input Resistance 

Internal Phase Detector 
Phase Detector Constant 
VCO Tuning Constant 
PLL Suppression 
Source Control 

DUT 
USER'S SRCE 
MANUAL CNTRL 

REF SOURCE 
USER'S SRCE 
MANUAL CNTRL 

TIME BASE 
NOT IN USE 

Data 
Phase Noise Using a Phase Lock Loop 

1 Hz 
100 E + 3 Hz 
4 

125 E + 6 Hz 
125 E + 6 Hz 
250 Hz/V 
0 Volts 
±10 Volts 
1 E + 6 ohms 

5 MHz to 1600 MHz 
Measure the Detector Constant 
Measure the VCO Tuning Constant 
Will be verified 

DN CONV. 
NOT IN USE -

~l 

HP 11848A 

Z§^ 
TUNE VOLTAGE 

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 

Minimum X 
Maximum X 
Minimum Y 
Maximum Y 

Graph Type 

STABLE RF OSCILLATOR VERSUS SIMILAR 
REFERENCE SOURCE. 
1 Hz 
100 E + 3 Hz 
-170 
0 

Single Sideband Phase Noise (dBc/Hz) 
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Beginning the Measurement 

1. Press the New Msrmnt 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 50ft 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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HP 3S61A DYNAMIC 
SIGNAL ANALYZER 

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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Table 3-4. Setup Considerations for the Stable RF Oscillator Measurement Example. 

Setup Considerations 

Measurement Noise Floor 

VCO Reference Source 

Comments 

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 +15d8n 
1 +15 

8 
-1 u 
& +s 

z 
2 -5 
B) 
1 -e o a. 

- 1 « -150 -160 -170 -180 

EXPECTED PHASE NOISE FLOOR OF OUT (dBc/Hz> 
f > 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 amplifiers noise will have on the measured noise 
floor.) 

This setup calls for a second signal source that is a similar type 
to that of 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 Selecting a Reference in the Problem 
Solving section of this chapter.) 
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Checking the Beatnote 

We recommend that you 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 10% 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 Voltage Tuning 
Range. 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 now 
appear on the HP 3561 A. The HP 3561A can be configured 
to display the beatnote signal in both the frequency domain 
and the time domain. If the beatnote does not appear on the 
HP 35 61 A, 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. 

On the other hand, less accurate sources may create a 
beatnote greater than 100 kHz. 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 HP 3561A's display 
(beatnote < 100 kHz). 

If incrementing the frequency of one of the sources does not 
produce a beatnote within 100 kHz, you will need to verify 
the presence of an output signal from each source before 
proceeding. 
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Figure 3-8. The Beatnote is Displayed in Both the 
Frequency and Time Domain by the HP 3561A 
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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 the Problem Solving section 
of this chapter. 

Capture Range (Hz) = 

Capture Range (Hz) = 

VCO Tuning Constant (Hz/V) x VCO Tuning Range (V) 
10 

(Hz/V) x (V) _ TT„ 
10 n L 

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. As you observe the beatnote on the HP 3561A in the 
frequency domain, reduce the beatnote until it is to 
the left of the first major graticule on the screen. 
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Adjust the beatnote by adjusting the center frequency of one 
of the signal sources if possible. If this is not possible, use 
the Center Voltage key on the HP 3048A to adjust the center 
voltage of the tuning signal being sent to the VCO source 
from the TUNE VOLTAGE OUTPUT on the HP 11848A. 
(Keep in mind that shifting the center voltage of the tuning 
range may reduce the available tuning range needed for drift 
tracking during the measurement.) 

3. Continue reducing the beatnote frequency until the 
time domain display shows less than one full wave 
cycle across the screen. 

4. 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 
3561 Span at the same time. 

Reduce the beatnote frequency again until the time 
domain display is showing less than one full cycle 
across the new span width. 
Continue decrementing the HP 3561A's span and 
reducing the beatnote frequency until the beatnote is 
within the Capture Range determined in step 1 of 
this procedure. The following chart will help you select 
the best span width for adjusting the beatnote to within 
the Capture Range. 

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. 
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Ba5GD©75fe wmm 
100 kHz 
10 kHz 
1 kHz 
100 Hz 
10 Hz 
4 Hz 

250 Hz 
25 Hz 
2.5 Hz 
.25 Hz 
0.025 Hz 
0.01 Hz 

4 msec 
40 msec 
400 msec 
4 sec 
40 sec 
100 sec 

Span Width Setting 

When viewing the frequency domain display, keep in mind 
that the first major graticule on the HP 3561A's screen 
represents 10% of the span width. 

Frequency of Each Cycle 

When viewing the time domain display, you can determine 
the frequency of the beatnote by multiplying the number of 
cycles appearing across the HP 3561A's screen by the 
appropriate Frequency of Each Cycle value from the chart. 

For example, to tune the beatnote to within 5 Hz you can 
use the 1 kHz span width setting by reducing the beatnote 
frequency until the time domain display is showing two 
cycles or less across the screen: 

Number of Cycles x Frequency of Each Cycle = Beatnote Requency 

2 cycles x 2.5 Hz = 5 Hz 

HP 3561A Time Record 

Note that the higher the span width setting that you are in 
is, the faster the HP 3561A will respond to the beatnote 
frequency changes you make. 
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Figure 3-9. The Measurement Noise Floor Can Be 
Estimated From the Level of the Beatnote. 

As you observe the beatnote, compare its level to 
the above 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 11848 A. 

3-26 Signal Source Applications 



Running the Measurement 

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

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 on its display. For 
recommended recovery actions, refer to Interpreting Display 
Messages in the Problem Solving section of this chapter.) 

Figure 3-10 shows a typical phase noise curve for a Stable 
RF Oscillator. This plot was generated by the HP 3048A. 

T Y P I C R L NOISE CURVE FROM H STRBLE RF OSCILLATOR 
ChpJ 3048R C a r r l a r : 125.E*6 Hz 1 Mar L9Be 16:37:07 - 16 :41:31 

IBB IK 1SK 13BK 1M 
£ ( f ) C d B c / H z : v ! f C H z ] 

Figure 3-10. Typical Phase Noise 
Curve for a Stable RF Oscillator. 
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Free-Running This measurement example will help you measure the phase 
RF Oscillator noise of a free-running RF oscillator with frequency drift 

> 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). 

Note To ensure accurate measurements, you should allow the 
DUT and measurement equipment to warm up at least thirty 
minutes before making the noise measurement. 
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An HP 8642A/B can be used in place 
of the HP 8640B. 

And adequate adapters to connect 
DUTtoHP11848A. 

An RF analyzer is necessary when the 
Peak Tuning Range is > 500 kHz as 
in this example. Must be entered in 
System Configuration Table (refer to 
Setting up the HP-IB Addresses in 
Appendix A for the procedure). 
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Defining the Measurement 

2. 

3. 

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

Press the Test Files key. 

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

4. Press the Load File key. 
5. After the system has completed the file loading 

sequence, press the Done key. (Table 3-5 lists 
the parameter data that has been entered for this 
measurement example.) Note that the Carrier Frequency 
and VCO Tuning Constant entered for step 2 on the 
table may not be appropriate for measuring your device. 

6. To change these values, press the Instr. Params key. 
7. Enter the carrier (center) frequency of your DUT 

(5 MHz to 1.6 GHz). Enter the same frequency for the 
Detector Input Frequency. 

8. Enter the appropriate VCO Tuning Constant for the 
HP 8640B. The tuning constant value is the DC FM Peak 
Deviation setting on the HP 8640B. The following table 
will help you select the appropriate Peak Deviation 
setting for your instrument. (The correct center 
frequency setting for the HP 8640B is the DUT 
frequency.) 
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©area? aa-posoogy 
(amEBflEKH) 

0.5-1 
1 - 2 
2 - 4 
4 - 8 
8 - 1 6 
16-32 
32 - 64. 
64 - 128 
128 - 256 
256 - 512 

(Option 002) 
512 - 1024 

GasEfiunnD RadS 
®3JfilI833(CiCQ3) 

5 
10 
20 
40 
80 
160 
320 
640 
1280 
2560 

5120 

Note We recommend that you begin by setting DC FM to the 
maximum Peak Deviation for the center frequency setting. 
This is not the best setting in terms of the system noise 
level, but it will provide you with the best tuning range. 
After you have completed the first measurement, run 
subsequent measurements and reduce the Peak Deviation 
setting until there is no further reduction in the measured 
noise level or until the HP 3048A indicates that it cannot 
maintain phase lock during the measurement. Remember, if 
you do change the Peak Deviation setting for subsequent 
measurements, you will need to change the VCO Tuning 
Constant to match the new setting. 

When you have completed this operation, press |Done| 
to exit the parameter entry menu. The remaining 
parameter values are correct for this measurement 
example. 

again to return to the Main Software 10. Press 
Level, 

Done 
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Table 3-5. Parameter Data for the Free-Running RF Oscillator Measurement Example 
Step 

1 

2 

3 

4 

5 

Parameters 
Measurement Type 
Frequency Range 
Start Freq. 
Stop Freq. 
Averages 
Source Parameters 
Carrier Frequency 
Detector/Discr. Input Frequency 
VCO Tuning Constant 
Center Voltage of VCO Tuning Curve 
Voltage Tuning Range of VCO 
VCO Tune-Port Input Resistance 

Internal Phase Detector 
Phase Detector Constant 
VCO Tuning Constant 
PLL Suppression 
Source Control 

OUT 
USER'S SRCE 
MflNUfiL CNTRL 

REF SOURCE 
USER'S SRCE 
MANUAL CNTRL 

TIME BASE 
NOT IN USE 

Data 
Phase Noise Using a Phase Lock Loop 

1 Hz 
100 E + 3 Hz 
4 

640 E + 6 Hz 
640 E + 6 Hz 
5.12 E + 6 Hz/V 
0 Volts 
±10 Volts 
600 ohms 

5 MHz to 1600 MHz 
Measure the Detector Constant 
Computed from expected Tuning Constant 
Will be verified 

ON CONV. 
NOT IN USE 

~l 

HP 11848A 

: > -

TUNE VOLTAGE 

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 

Minimum X 
Maximum X 
Minimum Y 
Maximum Y 

Graph Type 

FREE-RUNNING RF OSCILLATOR VERSUS 
HP 8640B. 
1 Hz 
100 E + 3 Hz 
-170 
0 

Single Sideband Phase Noise (dBc/Hz) 
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Beginning the Measurement 

1. Press the New Msrmnt 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.) 

Note Although not shown in the Connect Diagram, the rear-panel 
cable connection described in Appendix A (SOURCE OUT 
to NOISE INPUT) is required. Also, the 50ft load must be 
connected to the SPECTRUM ANALYZER OUTPUT 
whenever an RF spectrum analyzer is not being used. 

3-32 Signal Source Applications 



3. When the Connect Diagram appears on the 
HP 3048A's display, connect the signal paths as shown 
on the display. (Figure 3-11 also shows the cable 
connections for this measurement.) Table 3-6 provides 
additional setup considerations that will help you ensure 
that your measurement results will be valid. 

The HP 8640B should be adjusted to the appropriate center 
frequency and DC FM Peak Deviation setting for the 
measurement. Set the HP 8640B's amplitude to +18 dBm 
(+13 dBm if the center frequency is above 550 MHz). 

HP 3561A DYNAMIC 
SIGNAL ANALYZER 

Figure 3-11. Setup Diagram for the Free-Running RF Oscillator Measurement Example. 
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Table 3-6. Setup Considerations for the Free-Running RF Oscillator Measurement Example. 
Setup Considerations 

Measurement Noise Floor 

HP 8640B VCO Reference 

Comments 

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 
9 +15 
m 
TJ 
_i u 
a +s 

_i 
< 
z 2 -5 
to a. o 
O-

-140 -150 -160 -170 -180 

EXPECTED PHASE NOISE FLOOR OF DUT (dBc/Hz) 
f > lBKHz 

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.) 

This uses the HP 8640B 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 your DUT. If you have an 
idea of the expected noise level of your device, you may want 
to compare it to the noise characteristics graph shown for the 
HP 8640B in the HP 3048A Reference Manual. 
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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 8640B 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. For this measurement 
setup, the phase lock loop (PLL) Capture Range is equal to 
the DC FM Peak Deviation setting of the HP 8640B. (The 
Capture Range provided by the HP 8640B can be estimated 
by multiplying its VCO Tuning Constant (Peak Deviation 
Setting) by its Voltage Tuning Range (10V) and dividing by 
10. 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 now 
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 you are using an RF analyzer, and the beatnote is 
> 100 kHz but < 40 MHz, the beatnote will appear on the 
RF analyzer's display. If you are using an RF analyzer, and 
the beatnote is > 100 kHz but < 40 MHz, the beatnote 
should appear on the RF analyzer's display. If the beatnote 
does not appear on either analyzer, then the beatnote is 
either greater than 40 MHz 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. 

On the other hand, less accurate sources may create a 
beatnote greater than 100 kHz. Searching for the beatnote 
will require that you adjust the center frequency of the 
HP 8640B above and below the frequency of the DUT until 
the beatnote appears on the analyzer's display. If the 
beatnote signal does not appear, you will need to verify the 
presence of an output signal from each source before 
proceeding. 

Once you have identified the beatnote, tune the HP 8640B 
until the beatnote frequency is < 100 kHz. 

SPAN 100 000 Hz 
A: MAG 

- 7 
dBV 

I 
10 
dB 

/D IV 

-87 
START: 

RANGE: - 7 dBV STATUS: PAUSED 

^Frequency Domain 

..Time Domain 

.11 
0 Hz BW: 954.85 Hz STOP: 100 000 Hz 

0-100kHz 

DEFINE 
START 

DEFINE 
CENTER 

DEFINE 
SPAN 

DEFINE 
TIME LEN 

FRO AXIS 
LIN LOG 

Figure 3-12. The Beatnote is Displayed in Both the 
Frequency and Time Domain by the HP 3561 A. 
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1. Estimate the system's Capture Range (using the 
VCO source parameter values entered for this 
measurement): 

Capture 

Capture 

Range (Hz) = 

Range (Hz) = 

VCO Tuning Constant (Hz/V) > 
10 

(Hz/V) x 
10 

< VCO Tuning Range (V) 

JY1- Hz 

As you observe the beatnote on the HP 3561A in the 
frequency domain, reduce the beatnote until it is to 
the left of the first major graticule on the screen. 
Adjust the beatnote by adjusting the center frequency of 
the HP 8640B. 

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. 
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Note 

Continue reducing the beatnote frequency until the 
time domain display shows less than one full cycle 
across the screen. 
When the time domain display on the HP 3561A is 
showing less than one full cycle, decrement the 
HP 3561 A'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 
3561 Span at the same time. 

5. Reduce the beatnote frequency again until the time 
domain display is showing less than one full cycle 
across the new span width. 

6. Continue decrementing the HP 3561 A's span and 
reducing the beatnote frequency until the beatnote is 
within the Capture Range determined in step 1 of 
this procedure. The following chart will help you select 
the best span width for adjusting the beatnote to within 
the Capture Range. 

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. 
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©3GSU!] SD2&©7Ste Tfin©C33@£K3 
100 kHz 
10 kHz 
1 kHz 
100 Hz 
10 Hz 
4 Hz 

250 Hz 
25 Hz 
2.5 Hz 
.25 Hz 

0.025 Hz 
0.01 Hz 

4 msec 
40 msec 
400 msec 

4 sec 
40 sec 
100 sec 

Span Width Setting 

When viewing the frequency domain display, keep in mind 
that the first major graticule on the HP 3561A's screen 
represents 10% of the span width. 

Frequency of Each Cycle 

When viewing the time domain display, you can determine 
the frequency of the beatnote by multiplying the number of 
cycles appearing across the HP 3561A's screen by the 
appropriate Frequency of Each Cycle value from the chart. 

For example, to tune the beatnote to within 5 Hz you can 
use the 1 kHz span width setting by reducing the beatnote 
frequency until the time domain display is showing two 
cycles or less across the screen: 

Number of Cycles x Frequency of Each Cycle = Beatnote Frequency 

2 cycles x 2.5 Hz = 5 Hz 

HP 3561A Time Record 

Note that the higher the span width setting that you are in 
is, the faster the HP 3561A will respond to the beatnote 
frequency changes you make. 
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Figure 3-13. The Measurement Noise Floor Can Be 
Estimated from the Level of the Beatnote. 

As you observe the beatnote, compare its level to 
the above 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. 
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Running the Measurement 

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

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 on its display. For 
recommended recovery actions, refer to Interpreting Display 
Messages in the Problem Solving section of this chapter.) 

Figure 3-14 shows a typical phase noise curve for a 
free-running RF oscillator. This plot was generated by the 
HP 3048A. 

TYPICRL NOISE CURVE FOR R FREE-RUNNING RF OSCILLATOR 
Chp] 304BR C a r r i e r : S40.E+S Hz 1 Apr 1997 15:39:44 - 15:96:07 

IBB IK 1SK I0BK 

£ C f ) C d B c / H z : vs f GHz] 40M 

Figure 3-14. Typical Phase Noise Curve 
for a Free-Running RF Oscillator. 
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RF Synthesizer This measurement example will help you to measure the 
absolute phase noise of an RF synthesizer. 

Required Equipment 

The following equipment is required for this example in 
addition to the standard HP 3048A system and your 
device-under-test (DUT). 

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

■bquiDmentH 
|jjlg8662JaM| 

©em©sfflm 

1 ®& II ©aiimsifs 1 
1 

3 

Must have an EFC Input Port. Must be 
entered in System Configuration Table 
(refer to Setting up the HP-IB 
Addresses in Appendix A for 
procedure). 
And adequate adapters to connect 
DUT to HP 11848A. 

Defining the Measurement 

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

2. Press the Test Files key. 
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Move the cursor down until it is positioned at the files 
labeled HP EXAMPLE RF SYNTHESIZER. Note that 
four RF Synthesizer measurement examples are listed. 
Each example provides for an alternative method of 
tuning the HP 8662/3. The following chart will help you 
select the appropriate example for your measurement 
based on the drift characteristics of the source you are 
measuring. 

1 tCOsarasEcflffite^ II Hosm ©sOsste I 

< 10 E - 9 x v0
 1 

< 1 E - 6 x VQ 

< 5 E - 6 x v0 

> 5 E - 6 X v o 

(8662/3 EFC) 

(8662/3 AND 10 MHZ A) 

(8662/3 AND 10 MHZ B)2 

(8662/3 DC FM) 

1 VQ = center frequency of source-under-test (Hz). 
2 Use for measuring carrier frequencies < 500 MHz. 
3 Source Drift is determined over the time period required to 

make the measurement. The measurement time is determined 
by the measured offset range and the number of averages per 
measurement span. 

4. Position the cursor beside the label of the appropriate 
example for your measurement. The required 
measurement definition parameters for this example 
have been prestored in this file. 

5. 
6. 

Press the Load File key. 
After the system has completed the file loading 
sequence, press the Done key. (Tables 3-7, 3-8, 3-9, 
and 3-10, list the parameter data that is entered for each 
RF Synthesizer example.) Note that the source parameter 
values entered for step 2 on the tables may not be 
appropriate for the measurement you wish to make. 
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To change these values, press the Instr. Params| key, 
and enter the carrier (center) frequency at which 
you wish to measure your synthesizer (5 MHz to 
1.6 GHz). (Enter the same frequency for the Detector 
Input Frequency.) 

8. Enter the VCO Tuning Constant. 

If you are going to use DC FM tuning, enter an FM 
deviation setting that will provide the HP 3048A with an 
adequate Drift Tracking Range for the measurement. 

If you are going to use either of the 10 MHz sources 
to tune the HP 8662/3, or if you are going to use 
EFC tuning, 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 = : 

EFC = 5 E - 9 

10 MHz A = 1 E - 6 

10 MHz B = 10 E - 6 

For example, to calculate the Tuning Constant value 
to enter for EFC tuning when the center frequency is 
300 MHz: 

(5£ - 9) x (300£ + 6) = (1500£ - 3) = 1.5 

3-44 Signal Source Applications rev.09AUG89 



9. Enter the Voltage Tuning Range. (If you are going 
to use DC FM or EFC tuning, the appropriate voltage 
Tuning Range was entered from the example test file. 
Proceed to step 10.) 

If you are going to use either of the 10 MHz sources 
to tune the HP 8662/3, use the following equation to 
calculate the appropriate Voltage Tuning Range to enter 
for the measurement. 

Voltage Tuning Range = V -f- Carrier Frequency 

Where V = : 

10 MHz A = 10 E + 9 

10 MHz B = 1 E + 9 * 

* 2.5V is the maximum Voltage Tuning Range value 
that should be entered for 10 MHz B. Refer to the 
HP 3048A Reference Manual for BW limitations 
when tuning the HP 8662 A/63 A 10 MHz External 
Reference. 

10. When you have completed these operations, press 
|Done| to exit this menu, and then press |Done| again to 
return to the Main Software Level. 
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Table 3-7. Parameter Data for the RF Synthesizer 
(HP 8662/3 And 10 MHz A) Measurement Example 

Step 

1 

2 

3 

4 

5 

Parameters 
Measurement Type 
Frequency Range 
Start Freq. 
Stop Freq. 
Averages 
Source Parameters 
Carrier Frequency 
Detector/Discr. Input Frequency 
VCO Tuning Constant 
Center Voltage of VCO Tuning Curve 
Voltage Tuning Range of VCO 
VCO Tune-Port Input Resistance 

Internal Phase Detector 
Phase Detector Constant 
VCO Tuning Constant 
PLL Suppression 
Source Control 

OUT 
USER'S SRCE 
MflNUflL CNTRL 

REF SOURCE 
8662H 

SYSTEM CNTRL 

I 

TIME BASE 
10 MHz ' f l ' 
SYSTEM CNTRL 

Data 
Phase Noise Using a Phase Lock Loop 

1 Hz 
100 E + 3 Hz 
4 

500 E + 6 Hz 
500 E + 6 Hz 
500 Hz/V 
0 Volts 
±10 Volts 
1 E + 6 ohms 

5 MHz to 1600 MHz 
Measure the Detector Constant 
Measure the VCO Tuning Constant 
Will be verified 

DN CONV. 
NOT IN USE 

~l 

HP 11848A 

13̂  
TUNE VOLTAGE 

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 

Minimum X 
Maximum X 
Minimum Y 
Maximum Y 

Graph Type 

RF SYNTHESIZER VERSUS HP 8662/3A AND 
10 MHZ A. 
1 Hz 
100 E + 3 Hz 
-170 
0 

Single Sideband Phase Noise (dBc/Hz) 
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Table 3-8. Parameter Data for the RF Synthesizer 
(HP 8662/3 And 10 MHz B) Measurement Example 

Step 

1 

2 

3 

4 

5 

Parameters 
Measurement Type 
Frequency Range 
Start Freq. 
Stop Freq. 
Averages 
Source Parameters 
Carrier Frequency 
Detector/Discr. Input Frequency 
VCO Tuning Constant 
Center Voltage of VCO Tuning Curve 
Voltage Tuning Range of VCO 
VCO Tune-Port Input Resistance 

Internal Phase Detector 
Phase Detector Constant 
VCO Tuning Constant 
PLL Suppression 
Source Control 

DUT 
USER'S SRCE 
MRNUflL CNTRL 

REF SOURCE 
8662A 

SYSTEM CNTRL 

I 
TIME BASE 

10 MHz ' B ' 
SYSTEM CNTRL 

Data 
Phase Noise Using a Phase Lock Loop 

1 Hz 
100 E + 3 Hz 
4 

500 E + 6 Hz 
500 E + 6 Hz 
5 E + 3 Hz/V 
0 Volts 
± 2 Volts 
1E + 6 ohms 

5 MHz to 1600 MHz 
Measure the Detector Constant 
Measure the VCO Tuning Constant 
Will be verified 

DN CONV. 
NOT IN USE -

~l 

HP 11848A 

^ 

TUNE VOLTAGE 

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 

Minimum X 
Maximum X 
Minimum Y 
Maximum Y 

Graph Type 

RF SYNTHESIZER VERSUS HP 8662/3A AND 
10 MHZ B. 
1 Hz 
100E + 3HZ 
-170 
0 

Single Sideband Phase Noise (dBc/Hz) 
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Table 3-9. Parameter Data for the RF Synthesizer (HP 8662/3 DC FM) Measurement Example 
Step 

1 

2 

3 

4 

5 

Parameters 
Measurement Type 
Frequency Range 
Start Freq. 
Stop Freq. 
Averages 
Source Parameters 
Carrier Frequency 
Detector/Discr. Input Frequency 
VCO Tuning Constant 
Center Voltage of VCO Tuning Curve 
Voltage Tuning Range of VCO 
VCO Tune-Port Input Resistance 

Internal Phase Detector 
Phase Detector Constant 
VCO Tuning Constant 
PLL Suppression 
Source Control 

DCFM 

Note: This example a 
be controlled by the h 
enter the appropriate 

DUT 
USER'S SRCE 
MflNUflL CNTRL 

REF SOURCE 
8662A 

SYSTEM CNTRL 

TIME BASE 
NOT IN USE 

-

Data 
Phase Noise Using a Phase Lock Loop 

1 Hz 
100 E + 3 Hz 
4 

500 E + 6 Hz 
500 E + 6 Hz 
25 E + 3 Hz/V 
0 Volts 
± 2 Volts 
600 ohms 

5 MHz to 1600 MHz 
Measure the Detector Constant 
Measure the VCO Tuning Constant 
Will be verified 

DN CONV. 
NOT IN USE 

~l 

ssumes the DUT will be controlled m 
P 3048A, select SYSTEM CNTRL fo 
Setup String including: Address, freq 

Define Graph 
Title 

Minimum X 
Maximum X 
Minimum Y 
Maximum Y 

Graph Type 

HP 11848A 

I3>-
TUNE VOLTAGE 

anually. If you wish for the DUT to 
■ the DUT in the diagram, and 
uency, and amplitude settings. 

RF SYNTHESIZER VERSUS HP 8662/3A 
USING DC FM. 
1 Hz 
100 E + 3 Hz 
-170 
0 

Single Sideband Phase Noise (dBc/Hz) 
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Table 3-10. Parameter Data for the RF Synthesizer (HP 8662/3 EFC) Measurement Example 
Step 

1 

2 

3 

4 

5 

Parameters 
Measurement Type 
Frequency Range 
Start Freq. 
Stop Freq. 
Averages 
Source Parameters 
Carrier Frequency 
Detector/Discr. Input Frequency 
VCO Tuning Constant 
Center Voltage of VCO Tuning Curve 
Voltage Tuning Range of VCO 
VCO Tune-Port Input Resistance 

Internal Phase Detector 
Phase Detector Constant 
VCO Tuning Constant 
PLL Suppression 
Source Control 

EFC 

DUT 
USER'S SRCE 
MANUAL CNTRL 

REF SOURCE 
8662A 

SYSTEM CNTRL 

TIME BASE 
NOT IN USE 

-

Data 
Phase Noise Using a Phase Lock Loop 

1 Hz 
100 E + 3 Hz 
4 

500 E + 6 Hz 
500 E + 6 Hz 
2.5 Hz/V 
0 Volts 
± 2 Volts 
1 E + 6 ohms 

5 MHz to 1600 MHz 
Measure the Detector Constant 
Measure the VCO Tuning Constant 
Will be verified 

DN CONV. 
NOT IN USE 

~1 

HP 11848R 

~^y-

TUNE VOLTAGE 

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 

Minimum X 
Maximum X 
Minimum Y 
Maximum Y 

Graph Type 

RF SYNTHESIZER VERSUS HP 8662/3A 
USING EFC. 
1 Hz 
100 E + 3 Hz 
-170 
0 

Single Sideband Phase Noise (dBc/Hz) 

Signal Source Applications 3-49 



Beginning the Measurement 

1. Press the New Msrmnt 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 
on the display. (Figure 3-15 shows the rear-panel 
External Timebase Input for connecting a 10 MHz 
source.) Table 3-11 provides setup considerations that 
will help you ensure that your measurement results will 
be valid. 

Note Although not shown in the connect diagram, the rear-panel 
cable connection described in Appendix A (SOURCE OUT 
to NOISE INPUT) is required. Also, the 50fi load must be 
connected to the SPECTRUM ANALYZER OUTPUT when 
an RF spectrum analyzer is not being used. 

3-50 Signal Source Applications 



If you are using the 10 MHz A Source to tune the 
HP 8662/3, use the rear-panel 10 MHz A OUTPUT port on 
the HP 1184 8A rather than the front-panel connection 
shown in the Connect Diagram. (The output level of the 
front-panel port exceeds the input requirements of the 
External Timebase Input on the HP 8662/3.) 

If you are using EFC tuning on the rear-panel of the 
HP 8662/3, note that the TUNE VOLTAGE OUTPUTis also 
available on the rear-panel of the HP 11848A. 

Figure 3-15. 10 MHz External Timebase Input on HP 8662/3. 
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Table 3-11. Setup Considerations for the RF Synthesizer Measurement Example. 
Setup Considerations 

Measurement Noise Floor 

HP 8662A or HP 8663A VCO 
Reference 

Comments 

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 
"̂  +15 

5 
_i u 
a +5 
_i 

5 -5 
CO 

1 -

§ 
a. -140 -150 -160 -170 -180 

EXPECTED PHASE NOISE FLOOR OF OUT (dBc/Hz) 
f > 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.) 

This setup uses the HP 8662/3A 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 your 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 in the HP 3048A Reference Manual. 
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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 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. For this measurement 
setup, the phase lock loop (PLL) Capture Range is 10% of 
the Peak Tuning Range. (The Peak Tuning Range for this 
measurement can be estimated by multiplying the VCO 
Tuning Constant entered by the Voltage Tuning Range 
(10V). 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 now 
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. 

Signal Source Applications 3-53 



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. 

On the other hand, less accurate sources may create a 
beatnote greater than 100 kHz. Searching for the beatnote 
will require that you adjust the center frequency of the 
HP 8662/3A above and below the frequency of the DUT 
until the beatnote appears on the HP 3561A's display 
(beatnote < 100 kHz). 

If incrementing the frequency of the HP 8662/3A does not 
produce a beatnote within 100 kHz, you will need to 
verify the presence of an output signal from each source 
before proceeding. 

SPAN 100 000 Hz 
A: MAG 

RANGE: -7 dBV STATUS: PAUSED 0-100kHz 

START: 0 Hz 954.65 Hz 100 000 Hz 

Figure 3-16. The Beatnote is Displayed in Both the 
Frequency and Time Domain by the HP 3561A 
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1. Estimate the system's Capture Range (using the 
VCO source parameter values entered for 
this measurement): 

Capture Range [Hz) = VC0 Tuning Constant (g«ffi x VCO Tuning Range W 

Capture Range (Hz) = {Hz/v)x (Q = R z 

2. As you observe the beatnote on the HP 3561A in the 
frequency domain, reduce the beatnote until it is to 
the left of the first major graticule on the screen. 
Adjust the beatnote by incrementing the center 
frequency of the HP 8662/3A in 10 kHz steps or less. 

3. Continue reducing the beatnote frequency until the 
time domain display shows less than one full cycle 
across the screen. 
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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 
3561 Span at the same time.) 

Reduce the beatnote frequency again until the time 
domain display is showing less than one full cycle 
across the new span width. 

Continue decrementing the HP 3561A's span and 
reducing the beatnote frequency until the beatnote is 
within the Capture Range determined in step 1 of 
this procedure. The following chart will help you select 
the best span width for viewing the beatnote within the 
Capture Range. 

Note If you are not able to tune the beatnote to within the 
Capture Range due to frequency drift, refer to Increasing a 
Synthesizer's PTR in the Problem Solving section of this 
chapter for information about measuring drifting signals. 
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100 kHz 
10 kHz 
1 kHz 
100 Hz 
10 Hz 
4 Hz 

250 Hz 
25 Hz 
2.5 Hz 
.25 Hz 

0.025 Hz 
0.01 Hz 

4 msec 
40 msec 
400 msec 

4 sec 
40 sec 
100 sec 

Span Width Setting 

When viewing the frequency domain display, keep in mind 
that the first major graticule on the HP 3561A's screen 
represents 10% of the span width. 

Frequency of Each Cycle 

When viewing the time domain display, you can determine 
the frequency of the beatnote by multiplying the number of 
cycles appearing across the HP 3561A's screen by the 
appropriate Frequency of Each Cycle value from the chart. 

For example, to tune the beatnote to within 5 Hz you can 
use the 1 kHz span width setting by reducing the beatnote 
frequency until the time domain display is showing two 
cycles or less across the screen: 

Number of Cycles X Frequency of Each Cycle = Beatnote Frequency 

2 cycles x 2.5 Hz = 5 Hz 

HP 3561A Time Record 

Note that the higher the span width setting that you are in 
is, the faster the HP 3561A will respond to the beatnote 
frequency changes you make. 
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Figure 3-17. The Measurement Noise Floor Can Be 
Estimated From the Level of the Beatnote. 

7. As you observe the beatnote, compare its level to 
the above 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 11848 A. 
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Running the Measurement 

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

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 on its display. For 
recommended recovery actions, refer to Interpreting Display 
Messages in the Problem Solving section of this chapter.) 

Figure 3-18 shows a typical phase noise curve for an RF 
Synthesizer. This plot was generated by the HP 3048A. 

T Y P I C R L NOISE CURVE FOR RN RF SYNTHESIZER 
[hp ] 304BR C a r r i e r : IBa.E+SHz 17 Mir 1997 16:12:42 - 1G:1B:5S 

IBS IK 1BK 10BK 
£ Cf) CdBc/Hz] vs f [ H z ] 43H 

Figure 3-18. Typical Phase Noise Curve for an RF Synthesizer. 
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Microwave Source This measurement example will help you measure the 
absolute phase noise of a microwave source (2.5 to 18 GHz) 
with frequency drift of < 10E - 9 x Carrier Frequency 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). 

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

■lEquip'mjeritB 

^̂ ^̂ ^H 

wnm© 

©mz@mm 

©ft II ©anmaiss 1 
1 

1 

1 

Must have an EFC Input Port. Must be 
entered in System Configuration Table 
(refer to Setting up the HP-IB 
Addresses in Appendix A for 
procedure. 

Must be entered in System 
Configuration Table (refer to 
Setting up the HP-IB Addresses in 
Appendix A for procedure. 

And adequate adapters to connect 
DUTtoHP11729C. 
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Defining the Measurement 

3. 

4. 

5. 
6. 

1. Before you define the measurement parameters for 
your microwave measurement, you need to add the 
HP 11729C and HP 8662/3A to the HP 3048A's System 
Configuration table. (Refer to Appendix A for details 
on adding instruments to the table.) After you add the 
HP 11729C to the table, press the J11729C Specs] key and 
verify that the list of harmonic filters that appears on 
the display matches the filters in the HP 11729C that 
you are using. 

2. After the HP 11729C and HP 8662/3A have been 
added to the System Configuration table, press the 
Define Msrmnt key which is available at the Main 
Software Level on the HP 3048A. 
Press the Test Files key. 
Move the cursor down until it is positioned at the file 
labeled HP EXAMPLE MICROWAVE SOURCE. The 
appropriate measurement definition parameters for this 
example have been prestored in this file. 

Press the Load File key. 
After the system has completed the file loading 
sequence, press the Donej key. (Table 3-12 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 the 
appropriate values for measuring your device. 
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To change these values, press the Instr. Params key and 
enter the carrier (center) frequency of your DUT. The 
HP 3048A will calculate the correct Detector/Disc. Input 
Frequency for the measurement. 

Enter the VCO Tuning Constant. Use the following 
formula to determine the appropriate value to enter for 
the HP 8662/3A. 

VCO Tuning Constant = 5E — 9 x Carrier Frequency 

For example, to calculate the VCO Tuning Range for 
18 GHz: 

(5£ - 9) x (18£ + 9) = 90 

9. When you have completed these operations, press 
Done to exit this menu, and then press 
return to the Main Software Level. 

Done again to 



Table 3-12. Parameter Data for the Microwave Source Measurement Example 
Step 

1 

2 

3 

4 

5 

Parameters 
Measurement Type 
Frequency Range 
Start Freq. 
Stop Freq. 
Averages 
Source Parameters 
Carrier Frequency 
Detector/Discr. Input Frequency 
VCO Tuning Constant 
Center Voltage of VCO Tuning Curve 
Voltage Tuning Range of VCO 
VCO Tune-Port Input Resistance 

Internal Phase Detector 
Phase Detector Constant 
VCO Tuning Constant 
PLL Suppression 
Source Control 

EFC 

OUT 
USER'S SRCE 
MflNURL CNTRL 

REF SOURCE 
8662A 

SYSTEM CNTRL 

TIME BASE 
NOT IN USE 

Data 
Phase Noise Using a Phase Lock Loop 

1 Hz 
100 E + 3 Hz 
4 

12E + 9 Hz 
160 E + 6 Hz 
60 Hz/V 
0 Volts 
±10 Volts 
1M ohms 

5 MHz to 1600 MHz 
Measure the Detector Constant 
Measure the VCO Tuning Constant 
Will be verified 

DN CONV. 
11729C 

SYSTEM CNTRL 

~l 

HP 11848A 

^ 

TUNE VOLTAGE 

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 

Minimum X 
Maximum X 
Minimum Y 
Maximum Y 

' Graph Type 

MICROWAVE SOURCE VERSUS HP 8662 AND 
HP 11729C. 
1 Hz 
100 kHz 
-170 
0 

Single Sideband Phase Noise (dBc/Hz) 
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Beginning the Measurement 

1. Press the New Msrmnt 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 changing or verifying an HP-IB 
address 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 
on the display. (Figure 3-19 also shows the cable 
connections for this measurement.) Table 3-13 provides 
setup considerations that will help you ensure that your 
measurement results are valid. 

NotG Although not shown in the Connect Diagram, the rear-panel 
cable connection described in Appendix A (SOURCE OUT 
to NOISE INPUT) is required. Also, the 50fi load must be 
connected to the SPECTRUM ANALYZER OUTPUT when 
an RF spectrum analyzer is not being used. 
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Table 3-13. Setup Considerations for the Microwave Source Measurement Example. 

Setup Considerations Comments 

Measurement Noise Floor The following noise characteristics graph shows a typical noise 
level for the HP 11729C when used with the HP 8662/3A. Use it 
to help you estimate if the measurement noise floor that it 
provides is below the expected noise level of your DUT. 

-40 

-60 

-80 

-100 

-120 
Typical ~* 

f i cn t lo 

OFFSET FREOUENCY (Hz) 
Fc = 10 GHz 

HP 11729C The following performance characteristics of the HP 11729C 
should be considered when setting up your measurement. 

RF Frequency: 
• Unable to measure carrier frequencies within 5 MHz of 

comb lines. 

Noise: 
• Has an inherent noise rise near 40 MHz. 
• IF amplifier limits noise floor below 1280 MHz. 

Spurs: 
• Produces down conversion spurs (center frequency of band 

mixing with carrier frequency). 
• May have spurs at 10, 20, 30, and 40 MHz offsets when 

used with HP 8662/3A. 
• A harmonic of 640 MHz may mix with the carrier frequency 

to produce spurs on either side of the band center 
frequency. 
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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 and the down 
converted signal from your device-under-test. The objective 
is to ensure that the center frequencies of the two input 
signals 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 Peak Tuning Range set for this 
measurement. (The Peak Tuning Range for this measurement 
can be estimated by multiplying the VCO Tuning Constant 
entered by the Voltage Tuning Range (10V). Refer to 
Chapter 2 if you are not familiar with the relationship 
between the Capture Range and the Peak Tuning Range of 
the VCO.) 

HP 3S61A DYNAMIC 
SIGNAL ANALYZER 

Figure 3-19. Setup Diagram for Microwave Source Measurement Example. 
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Note If the input frequencies 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 now 
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. 

SPAN 100 000 HZ RANGE: -7 dBV STATUS: PAUSED 0-100kHz 
A: HAG 

DEFINE 
START 

DEFINE 
CENTER 

DEFINE 
SPAN 

DEFINE 
TIME LEN 

FRO AXIS 
LIN LOG 

START: 0 Hz BH: 954.85 Hz STOP: 100 000 Hz 

Figure 3-20. The Beatnote is Displayed in Both the 
Frequency and Time Domain by the HP 3561A 
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The beatnote frequency is set by the relative frequency 
difference between the two input signals. 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. 

On the other hand, less accurate sources may create a 
beatnote greater than 100 kHz. Searching for the beatnote 
will require that you adjust the center frequency of the 
HP 8662/3A above and below the frequency of the IF signal 
from the HP 11729C until the beatnote appears on the 
HP 3561A's display (beatnote < 100 kHz). 

If incrementing the HP 8662/3A frequency does not 
produce a beatnote within 100 kHz, you will need to verify 
the presence of an output signal from each source before 
proceeding. 

1. Estimate the system's Capture Range (using the 
VCO source parameter values entered for this 
measurement): 

Capture Range {Hz) = VC0 Tuning Constant ^Hz^ x VCO Tuning Range W 

Capture Range {Hz) = [Hz/v)x (v± = H z 
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As you observe the beatnote on the HP 3561A in the 
frequency domain, reduce the beatnote until it is to 
the left of the first major graticule on the screen. 
Adjust the beatnote by incrementing the center 
frequency of the HP 8662/3A in 10 kHz steps or less. 
Continue reducing the beatnote frequency until the 
time domain display shows less than one full wave 
cycle across the screen. 

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 
3561 Span at the same time.) 

5. Reduce the beatnote frequency again until the time 
domain display is showing less than one full cycle 
across the new span width. 

6. Continue decrementing the HP 3561A's span and 
reducing the beatnote frequency until the beatnote is 
within the Capture Range determined in step 1 of 
this procedure. The following chart will help you select 
the best span width for viewing the beatnote within the 
capture range. 

Note If you are not able to tune the beatnote to within the 
capture range due to frequency drift, refer to Increasing a 
Synthesizer's PTR in the Problem Solving section of this 
chapter for information about measuring drifting signals. 
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100 kHz 
10 kHz 
1 kHz 
100 Hz 
10 Hz 
4 Hz 

250 Hz 
25 Hz 
2.5 Hz 
.25 Hz 

0.025 Hz 
0.01 Hz 

4 msec 
40 msec 
400 msec 

4 sec 
40 sec 
100 sec 

Span Width Setting 

When viewing the frequency domain display, keep in mind 
that the first major graticule on the HP 3561A's screen 
represents 10% of the span width. 

Frequency of Each Cycle 

When viewing the time domain display, you can determine 
the frequency of the beatnote by multiplying the number of 
cycles appearing across the HP 3561A's screen by the 
appropriate Frequency of Each Cycle value from the chart. 

For example, to tune the beatnote to within 5 Hz you can 
use the 1 kHz span width setting by reducing the beatnote 
frequency until the time domain display is showing two 
cycles or less across the screen: 

Number of Cycles X Frequency of Each Cycle = Beatnote Frequency 

2 cycles x 2.5 Hz = 5 Hz 

HP 3561A Time Record 

Note that the higher the span width setting that you are in 
is, the faster the HP 3561A will respond to the beatnote 
frequency changes you make. 
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Running the Measurement 
Press Proceed when you have completed the beatnote 
check and are ready to run the measurement. 

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 3-21 shows a typical phase noise curve for a 
Microwave Source. This plot was generated by the 
HP 3048A using the measurement setup described in this 
example. 

T Y P I C R L NOISE CURVE FOR R MICRO-WAVE SOURCE MEASUREMENT 
ChpJ 3B48H C a r M B r : 12.E+9 Hz 13 Jan 19B7 21:4B:03 - £1 :52 :03 

1B0 IK 18K 10BK 
£ (.f ) C d B c - H z ] vs f CHz] 

Figure 3-21. Typical Phase Noise 
Curve for a Microwave Source. 
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Designing a Setting up a Phase Noise Measurement using the Phase 
Measurement Lock Loop technique requires completion of the following 

steps: 
A. Determine the Equipment Requirements 
B. Define the Measurement Parameters 
C. Set up the Hardware 
D. Evaluate the Beatnote 
E. Run the Measurement 

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

Required Equipment 

1. HP 3048A Phase Noise Measurement System 
a. HP 11848A Phase Noise Interface 
b. HP 3561A Dynamic Signal Analyzer 
c. Controller with 3M bytes of memory and a Disc 

drive. 
d. Optional RF Analyzer 

2. Reference Source with better phase noise performance 
than the DUT. 

3. Various cables 

3-72 Signal Source Applications rev.!2JUL88 



The following table describes the operating requirements for 
the required equipment. 

Table 3-14. Equipment Requirement for the Phase Lock Loop Measurement (1 of 3) 

I @sjrfcmEiic || @5v || ©saimibais | 

Reference Source 1 In order for your noise measurement results to accurately 
represent the noise of your DUT, the noise level of the 
reference source should be below the expected noise level 
of the DUT. The following graph shows how the measured 
noise level is increased as the reference source noise level 
approaches the noise level of the DUT. 
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3 ,-■ w o ■; -in ° 2 .5 -
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z ° i , =-
" l i j y 
O) ~ Z 1 - B 

£ u 0-5 

U L-
" K 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

DIFFERENCE BETWEEN DUT AND 
REFERENCE NOISE LEVELS CdB) 

(If you need further information about selecting a reference 
source, refer to Selecting a Reference in the Problem Solving 
section of this chapter.) If you are using one of the Hewlett-
Packard signal generators that is supported by the HP 3048A 
and you wish for it to be under system control, the signal 
generator's HP-IB address must be entered in the System 
Configuration Table. (Refer to Setting Up the HP-IB Addresses 
in Appendix A for the procedure.) 
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Table 3-14. Equipment Requirement for the Phase Lock Loop Measurement (2 of 3) 

Equipment 

HP 11848A 
Interface 

RF Coax Cables 

HP-IB Cable 

Qty 

1 

3 

1 

Comments 

The measurement noise floor level is set by the signal 
amplitude at the R input port on the HP 11848A. 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 actual 
measurement noise floor that the source you have connected to 
the R input port will provide.) 
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f> 10 kHz 

If the output of your source is not sufficient to provide an 
adequate measurement noise floor, it may be necessary 
to insert a low noise amplifier between the source and the 
HP 11848A input. (For details on determining the effect that the 
amplifier's noise will have on the measured noise floor, refer 
to Inserting a Device in the Problem Solving section of this 
chapter.) 

And adequate adapters to connect to sources. 

If the device-under-test has HP-IB capability, and you wish 
for the HP 3048A to set its frequency and amplitude for the 
measurement, you will need to connect an HP-IB cable between 
the HP 3048A and the DUT. 
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Table 3-14. Equipment Requirement for the Phase Lock Loop Measurement (3 of 3) 

@amnE0L{e 
Voltage-Controlled-
Oscillator (VCO) 
Source 

The VCO source can be either the device-under-test or the 
reference source. To configure this phase noise measurement, 
you will need to know the following information about the VCO 
source you are using: 

• Tuning Constant (Hz/V) (within a factor of 2) 
• Tuning Voltage Range (V) 
• Center Voltage of Tuning Range (V) 
• Input Resistance of Tuning Port (ohms) 

The primary consideration when evaluating a potential VCO 
source for your measurement is whether it will provide the 
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 Chapter 2. This information will 
help you evaluate your VCO source based on the estimated drift 
of your sources.) 

Defining the Measurement 

Before you begin entering the measurement parameters into 
the HP 3048A, it is a good idea to design your measurement 
setup on paper first. Drawing a setup diagram will help you 
identify the equipment and accessories you will need. It is 
also helpful to list the tuning parameters for the VCO source 
you will be using. (Table 3-15 in this example lists the 
tuning parameters for several VCO source options.) 

The following worksheet shows an example of the design 
parameters required for a possible Phase Lock Loop 
measurement. (Additional, blank worksheets are provided at 
the end of this example for you to use for planning your 
measurement.) 
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Example Worksheet 

HP 3561A DYNAMIC 
SIGNAL ANALYZER 

Diagram 
1. Draw lines to show cable connections. 
2. If you wish to have the HP 3048A control your device-under-test, list the required 

command codes below for addressing your DUT and for setting its frequency and 
amplitude. 
DUT Setup String: O o T P O T 111 j " ?R I Q O M X A P IP P t A ". 

VCO Source 
1. Enter the tuning characteristics for the VCO you are using in the spaces below. (Table 

3-15 provides the tuning characteristics for several VCO source options.) 

Tuning Constant (sensitivity) 1 0 0 Hz/V 
Center Voltage of Tuning Range O V 

Tuning Voltage Range ± ^O V 
Input Resistance of Tuning Port 15 + fe Ohms 

Reference Source 
1. Obtain a plot of phase noise and spur characteristics if available. 
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Table 3-15. Tuning Characteristics of Various VCO Source Options 

VSQSSaiK© 

HP 8662/3A 
EFC 
DCFM 

HP 8642A/B 
HP 8640B 
HP 8656B 
Other Signal Generator 

DCFM Calibrated 
for±1V 

10 MHz Source A 
Direct 
Multiplied 

As a Timebase: 
To HP 8662/3A 
To other VCO 

(PTR known) 

10 MHz Source B 
Direct 
Multiplied 

As a Timebase: 
To HP 8662/3A 

To other VCO 
(PTR known) 

350-500 MHz Source 

Other User VCO Source 

Vo 

Vo 

Vo 

v„ 

Vo 

Vo 

v0 

"uSlflErj] 
OrrMQffi 
(mm 

5 E - 9 x v0 

FM Deviation 

FM Deviation 
FM Deviation 
FM Deviation 

FM Deviation 

10 
1 E - 6 X v0 

1 E - 6 x v0 

1 E - 6 x v0 

100 
10 E - 6 X v0 

10 E - 6 x v0 

10 E - 6 X v0 

12E + 6 
Estimated 
within a 
factor of 2 

[Center] 

0 
0 

0 
0 
0 

0 

0 
0 

0 

0 

0 
0 

0 

0 
- 1 0 
to 

+10 

mm& 

10 
10 

10 
10 
10 

10 

10 
10 

10E + 9-rt>„ 

1 E + 6 X PTR 
+ l>o 

10 
10 

1 E + 9 T U 0 , 
(up to 2.5V max.) 

100E + 3 x PTR 
+ v0 

2 

See Figure 3-23 
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1 E + 6 

1 E + 6 
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Measure 
Compute 
Compute 
Compute 
Compute 
Compute 

Compute 

Measure 

Measure 

Measure 

Measure 

-S -2 -1 -.5 0 .5 1 2 ! 
CENTER VOLTAGE of TUNING CURVE (VOLTS) 

Figure 3-23. HP 3048A Voltage Tuning Range Limits 
Relative to Center Voltage of the VCO Tuning Curve. 
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1. After you have completed your worksheet, press the 
Define Msrmnt key which is available at the Main 
Software Level on the HP 3048A. 

2. Press the Test Files key. 
3. Move the cursor down until it is positioned at 

the file labeled HP EXAMPLE DESIGNING A 
MEASUREMENT. Many of the measurement definition 
parameters required for this measurement technique 
have been prestored in this file. 

Load File key. 4. Press the 
5. After the system has completed the file loading 

sequence, press the Done key. Table 3-16 lists the 
parameter data that has been loaded from the file. 

Note The Source Parameters Calibration Methods, and Source 
Control Diagram loaded from the example file may not be 
appropriate for your measurement setup. The following steps 
will help you enter the appropriate parameters for your 
measurements. 

6. To access the Source Parameters menu, press the 
Instr. Params key. Enter the same frequency for the 
Detector Input frequency. 
Enter the carrier (center) frequency of your DUT 
(5 MHz to 1.6 GHz). 
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Table 3-16. Parameter Data for the Designing a Measurement Example 
Step 

1 

2 

3 

4 

5 

Parameters 
Measurement Type 
Frequency Range 
Start Freq. 
Stop Freq. 
Averages 
Source Parameters 
Carrier Frequency 
Detector/Discr. Input Frequency 
VCO Tuning Constant 
Center Voltage of VCO Tuning Curve 
Voltage Tuning Range of VCO 
VCO Tune-Port Input Resistance 

Internal Phase Detector 
Phase Detector Constant 
VCO Tuning Constant 
PLL Suppression 
Source Control 

OUT 
USER'S SRCE 
MflNUflL CNTRL 

REF SOURCE 
USER'S SRCE 
MflNUflL CNTRL 

TIME BflSE 
NOT IN USE 

Data 
Phase Noise Using a Phase Lock Loop 

1 Hz 
100 E + 3 Hz 
4 

500 E + 6 Hz 
500 E + 6 Hz 
100 Hz/V 
0 Volts 
±10 Volts 
1 E + 6 ohms 

5 MHz to 1600 MHz 
Measure the Detector Constant 
Measure the VCO Tuning Constant 
Will be verified 

DN CONV. 
NOT IN USE 

~l 

I 

HP 11848A 

Ĥ  
TUNE VOLTAGE 

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 

Minimum X 
Maximum X 
Minimum Y 
Maximum Y 

Graph Type 

SOURCE-UNDER-TEST VERSUS REFERENCE 
SOURCE. 
1 Hz 
100 E + 3 Hz 
-170 
0 

Single Sideband Phase Noise (dBc/Hz) 
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8. Enter the tuning characteristics for the VCO source 
you are using. Table 3-15 lists the tuning parameters 
for several VCO source options. 

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 measurement. If you 
estimate the Tuning Constant, enter the VCO Input 
Resistance as 1 E 4- 6. If you do know the exact Tuning 
Constant, enter it and enter the actual input resistance of 
your VCO. 

9. Press |Done| when you have completed these 
operations. 

10. In Table 3-15, note the column labeled "Tuning 
Calibration Method". If "Compute" appears in this 
column for the VCO source you are using, press the 
Calibr Process key. Change the calibration method for 
determining the VCO Tuning Constant to "Compute 
from expected T. Constant. 
completed this operation. 

Press Done when you have 

11. To access the Source Control diagram, press the 
Source Control key. 

3-80 Signal Source Applications 



12. Use the softkeys to configure the diagram to match 
the test setup you have planned for your 
measurement. The purpose of this block diagram is to 
tell the HP 3048A: 

• What hardware you will be using. 

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

• What the interconnecting signal paths will be. 

13. Press Done when you have completed this operation. 

14. To change the graph title, press the Define Graph key. 
15. When you have completed the changes, press the 

Done key. 

Note If you plan to use this same measurement setup again in the 
future, you may want to store these parameters in a Test 
File. To do this, simply re-enter the Test File menu and 
position the cursor at the end of the list of files. Then enter 
a name for your new file and press the Store File key. 

16. Press the 
Level. 

Done key to return to the Main Software 
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Beginning the Measurement 

1. Press the New Msrmnt 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 HP-IB address 
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 
on the display. 

Note Although not shown in the connect diagram, the rear-panel 
cable connection described in Appendix A (SOURCE OUT 
to NOISE INPUT) is required. Also, the 50fi load must be 
connected to the SPECTRUM ANALYZER OUTPUT when 
an RF spectrum analyzer is not being used. 

The HP 3048A generates the Connect Diagram based on the 
Source Control diagram entered for this measurement. If 
your measurement setup requires additional equipment or 
connections not shown on the Connect Diagram (such as an 
amplifier or attenuator between the DUT and HP 11848A), 
you should also make these connections now even though 
they do not appear on the diagram. 
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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 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. 

For this measurement setup, the phase lock loop (PLL) 
Capture Range is 10% of the Peak Tuning Range of the 
VCO source you are using. (The Peak Tuning Range for your 
VCO can be estimated by multiplying its Tuning Constant 
by its Voltage Tuning Range. 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.) 

NotG 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 now 
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. 

On the other hand, less accurate sources may create a 
beatnote greater than 100 kHz. 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 HP 3561A's display 
(beatnote < 100 kHz). 

If incrementing the frequency of one of the sources does not 
produce a beatnote within 100 kHz, you will need to verify 
the presence of an output signal from each source before 
proceeding. 
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Figure 3-24. The Beatnote is Displayed in Both the 
Frequency and Time Domain by the HP 3561A 

3-84 Signal Source Applications 



Estimate the system's Capture Range (using the 
VCO source parameter values entered for this 
measurement). If you have doubts as to whether the 
VCO Tuning Constant you entered for this measurement 
is within a factor of 2 of your VCO's actual Tuning 
Constant, refer to Estimating the Tuning Constant in the 
Problem Solving section of this chapter before continuing 
with this procedure. 

Capture 

Capture 

Range (Hz) = 

Range (Hz) = 

VCO Tuning Constant (Hz/V) > 
10 

(Hz/V) x , 
10 

( VCO Tuning Range (V) 

JX1- Hz 

2. As you observe the beatnote on the HP 3561A in the 
frequency domain, reduce the beatnote until it is to 
the left of the first major graticule on the screen. 
Adjust the beatnote by adjusting the center frequency of 
one of the signal sources if possible. If this is not 
possible, use the Center Voltage key on the HP 3048A to 
adjust the center voltage of the tuning signal being sent 
from the Tune Voltage output on the HP 11848A to the 
VCO source. (Keep in mind that shifting the center 
voltage of the tuning range may reduce the available 
tuning range needed for drift tracking during the 
measurement.) 
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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. 

3. Continue reducing the beatnote frequency until the 
time domain display shows less than one full cycle 
across the screen. 

4. 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 
3561 Span at the same time.) 

5. Reduce the beatnote frequency again until the time 
domain display is showing less than one full cycle 
across the new span width. 

6. Continue decrementing the HP 3561A's span and 
reducing the beatnote until the beatnote frequency is 
within the Capture Range determined in step 1 of 
this procedure. The following chart will help you select 
the best span width for viewing the beatnote within the 
Capture Range. 

Note If you are not able to tune the beatnote to within the PLL 
Capture Range due to beatnote frequency drift, refer to 
Tracking Frequency Drift in the Problem Solving section of this 
chapter for information about measuring drifting signals. 
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§SE0Draft3a 
©3G2IH 

0 to 100 kHz 
0 to 10 kHz 
0 to 1 kHz 
0 to 100 Hz 
0 to 10 Hz 
0 to 4 Hz 

250 Hz 
25 Hz 
2.5 Hz 
0.25 Hz 
0.025 Hz 
0.01 Hz 

4 msec 
40 msec 
400 msec 

4 sec 
40 sec 
100 sec 

Span Width Setting 

When viewing the frequency domain display, keep in mind 
that the first major graticule on the HP 3561A's screen 
represents 10% of the span width. 

Frequency of Each Cycle 

When viewing the time domain display, you can determine 
the frequency of the beatnote by multiplying the number of 
cycles appearing across the HP 3561A's screen by the 
appropriate Frequency of Each Cycle value from the chart. 

For example, to tune the beatnote to within 5 Hz, you can 
use the 0 to 1 kHz span by reducing the beatnote frequency 
until the time domain display is showing two cycles or less 
across the screen: 

Number of Cycles X Frequency of Each Cycle = Beatnote Frequency 

2 cycles x 2.5 Hz = 5 Hz 

HP 3561A Time Record 

Note that the higher the span width setting that you are in 
is, the faster the HP 3561A will respond to the beatnote 
frequency changes you make. 
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Figure 3-25. The Measurement Noise Floor Can Be 
Estimated From the Level of the Beatnote. 

7. As you observe the beatnote, compare its level to 
the above 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. 

Running the Measurement 

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

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. 
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Worksheet 

REFERENCE SOURCE 

OUTPUT 
O 

HP 3561A DYNAMIC 
SIGNAL ANALYZER 

HP 11848A 
PHASE NOISE 

INTERFACE 

OUT SOURCE 

OUTPUT 

o 

Diagram 
1. Draw lines to show cable connections. 

2. If you wish to have the HP 3048A control your device-under-test, list the required 
command codes below for addressing your DUT and for setting its frequency and 
amplitude. 

DUT Setup String: 

VCO Source 
1. Enter the tuning characteristics for the VCO you are using in the spaces below. (Table 

3-15 provides the tuning characteristics for several VCO source options.) 

Tuning Constant (sensitivity) 

Center Voltage of Tuning Range 

Tuning Voltage Range 
Input Resistance of Tuning Port 

Hz/V 
V 
V 
Ohms 

Reference Source 
1. Obtain a plot of phase noise and spur characteristics if available. 
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Worksheet 

HP 3561A OYNAMIC 
SIGNAL ANALYZER 

Diagram 
1. Draw lines to show cable connections. 
2. If you wish to have the HP 3048A control your device-under-test, list the required 

command codes below for addressing your DUT and for setting its frequency and 
amplitude. 
DUT Setup String: 

VCO Source 
1. Enter the tuning characteristics for the VCO you are using in the spaces below. (Table 

3-15 provides the tuning characteristics for several VCO source options.) 

Tuning Constant (sensitivity) Hz/V 

Center Voltage of Tuning Range V 

Tuning Voltage Range ± V 
Input Resistance of Tuning Port Ohms 

Reference Source 
1. Obtain a plot of phase noise and spur characteristics if available. 
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Worksheet 

REFERENCE SOURCE 

RF 
OUTPUT 

O 

HP 3 5 6 1 A DYNAMIC 
SIGNAL ANALYZER 

HP 11848A 
PHASE NOISE 

INTERFACE 

DUT SOURCE 

OUTPUT 
O 

Diagram 
1. Draw lines to show cable connections. 

2. If you wish to have the HP 3048A control your device-under-test, list the required 
command codes below for addressing your DUT and for setting its frequency and 
amplitude. 

DUT Setup String: 

VCO Source 
1. Enter the tuning characteristics for the VCO you are using in the spaces below. (Table 

3-15 provides the tuning characteristics for several VCO source options.) 

Tuning Constant (sensitivity) 
Center Voltage of Tuning Range 

Tuning Voltage Range 
Input Resistance of Tuning Port 

Hz/V 
V 
V 
Ohms 

Reference Source 
1. Obtain a plot of phase noise and spur characteristics if available. 
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Discriminator This example demonstrates the Discriminator measurement 
Measurement technique for measuring the phase noise of a signal source. 

This measurement technique works 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 or is not able to provide adequate 
drift tracking. In this example, the phase noise of the 
HP 11848A's internal 350-500 MHz oscillator is measured. 

The setup for a Discriminator measurement looks very 
similar to the setup used for a residual or two-port phase 
noise measurement. The primary difference is that the 
device-under-test is a source with a single output port rather 
than a device with an input and output port. 

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 delayed output with the other 
output of the splitter. The output of the Phase Detector is a 
voltage proportional to the frequency fluctuations of the 
source. 

Required Equipment 

The equipment listed in Table 3-17 is required for this 
example in addition to the standard HP 3048A system and 
your device-under-test (DUT). 
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Table 3-17. Additional Equipment Required 
to Perform Measurement Example 

SjEftffiEafi 

EigMJ^^^H 
©soomOsff 

(Ffesaa? ^offisa? 

E d ^ y s © 

I ©f t @3TiM3IfiD | 

1 

1 

1 

+19 dBm output level at 400 MHz, 
Calibrated FM at a 1 kHz rate with 
10 kHz Peak Deviation. 

Use Noise Floor Test Fixture provided 
with system. 

Delay (or length) adequate to 
decorrelate source noise (two 4-foot 
BNC cables are required for this 
example). 

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

Determining the Discriminator (Delay Line) Length 

Perform the following steps to determine the minimum 
delay line length (r) possible to provide an adequate noise 
floor 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 3-26 shows the noise 
floor of the Discriminator for given delay times (r). (The 
noise floor provided by 10 ns of delay is adequate for 
measuring the internal 350-500 MHz oscillator.) 
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Determine the length of coax required to provide the 
necessary delay (r). (Eight feet of BNC cable will 
provide 12 ns of delay for this example.) 
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 to +17 dBm. Be 
sure to take into account an additional 4 to 6 dB of loss 
in the power splitter. (The loss across the 8 feet of BNC 
cable specified for this example is negligible.) 
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Figure 3-26. Discriminator Noise 
Floor as a Function of Delay Time. 
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Defining the Measurement 
4. Press the Define Msrmnt key which is available at the 

Main Software Level on the HP 3048A. 
Press the Test Files key. 
Move the cursor down until it is positioned at the 
file labeled "HP EXAMPLE DISCRIMINATOR 
MEASUREMENT". The appropriate measurement 
parameters for this example have been pre-stored in this 
file. 

7. Press the Load File softkey. 

Note The stop frequency specified for this measurement example 
is 100 kHz so that the measurement will run on a standard 
HP 3048A system. If you have an RF spectrum analyzer 
configured in your system, you may want to change the Stop 
frequency to 40 MHz in the Type/Range parameter menu. 
This will allow you to measure over the entire offset range 
of the HP 3048A. 

8. After the system has completed the file loading 
sequence, press the Done softkey. Parameter entry is 
now completed for this measurement example. 
(Table 3-18 lists the parameter data that has been 
entered for this measurement example.) 

9. Press Done to return to the Main Software Level. 
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Table 3-18. Parameter Data for the Discriminator Noise Measurement Example 

Step 

1 

2 

3 

4 

5 

Parameters 
Measurement Type 
Requency Range 

Start Freq. 
Stop Freq. 
Averages 

Instrument Parameters 
Carrier Frequency 
Detector/Discr. Input Frequency 

Internal Phase Detector 
Calibration Technique 
FM Deviation 
FM Rate 
Source Control 

DUT SOURCE 
350-500 MHz 
SYSTEM CNTRL 

CflL S0URCE_ 
USER'S SRCE 
MANUAL CNTRL 

-

| Phase S h i f t e r ) 

I 
< 

I 

Data 
Phase Noise Using an FM Discriminator 

1 Hz 
100 E + 3 Hz 
4 

400 E + 6 Hz 
400 E + 6 Hz 

5 MHz to 1600 MHz 
Derive from FM Rate and Deviation 
10E + 3HZ 
1 E + 3 Hz 

nnpnn u u 

HP 11848A 

Z ^ 
Define Graph 
Title 

Minimum X 
Maximum X 
Minimum Y 
Maximum Y 

Graph Type 

350-500 MHz VCO USING 12 NSEC DELAY 
LINE DISCRIM 
1 Hz 
100 E + 3 Hz 
-170 
0 

Single Sideband Phase Noise (dBc/Hz) 
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Beginning the Measurement 

1. Press the New Msrmnt 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 (the measurement cannot be continued until the 
problem is corrected). (Refer to Appendix A if you need 
information about adding or changing an instrument in 
the HP 3048A's System Configuration table.) 

The following table of setup considerations will help you 
ensure that your measurement results are valid. 

3. When the Connect Diagram appears on the 
HP 3048A's display, connect the signal paths as shown. 
After the connections have been made and checked, 
press the Proceed softkey. 

iQaiEQaaasiiiB ©anmsiis 
Cable Connections 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 will 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. 
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Calibrating the Measurement 

In this example, you are measuring a source (the 
HP 11848A source) that does not have internal frequency 
modulation capabilities. To perform the calibration, you can 
substitute another RF source for the DUT source (the 
HP 11848A source) as long as the output power of the 
substitute source is the same as the output power of the 
HP 11848A source. 

A power meter or spectrum analyzer should be used to 
measure the output power from the DUT source. It is 
essential that the substituted calibration source apply the 
same power to the power splitter as the DUT. 

If a substitute signal generator with calibrated frequency 
modulation capability is not available, you can still complete 
this measurement using a different calibration method. 
Abort this measurement and access the Calibr Process 
parameter menu. Select the Use the Current Discriminator 
Constant method and enter the value, 40E-9 Hz/V. Then 
reinitiate a New Measurement. 

The system will use the entered Discriminator Constant and 
you will not be required to perform the following steps. 
(Note that the accuracy of the measurement is dependent on 
the accuracy of the entered calibration constant value when 
this method is used.) 
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When the system prompts you, connect the 
calibration source. Adjust the source frequency until the 
Quadrature Meter on the HP 11848A reads center scale 
(±1 division). Turn on its FM modulation and set the 
deviation for 10 kHz and the modulation rate to 1 kHz. 

2. Press the Proceed softkey. The system will locate the 
calibration spur and determine the Discriminator 
Constant. 

3. When the system prompts you, remove the 
calibration source and reconnect the DUT. 

If the DUT source you were measuring was not under 
system control, the HP 3048A would also prompt you to 
re-establish quadrature. This is done by adjusting the source 
frequency until the HP 1184 8A meter reads center scale 
(±1 division). 

The system is now ready to run the measurement. The 
measurement results will be updated on the computer 
screen after each frequency segment has been measured. 
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When the Measurement is Complete 

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 on its display. 

Figure 3-27 shows a typical phase noise curve for the 
internal HP 11848A 350-500 MHz Source. This plot was 
generated by the HP 3048A using the measurement setup 
described in this example. 

3 5 0 - 5 0 0 MHZ VCO USING RN 8 FOOT DELAY L I N E 
[hp ] 30-4BA C a r r i e r : 408.8LSE+G Hz 1 Apr 1987 H :33 :2B - 14:30:33 

IBS IK 10K I00K 
£ Cf ) CdBc /Hz I ] v s f CHz] 

Figure 3-27. Typical Phase Noise Curve for the 
HP 11848A 350-500 MHz Source. 
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AM Noise Using 
anHP11729C 

This example demonstrates the AM noise measurement of 
an HP 8662A Signal Generator using the AM detector in the 
HP 11729C Carrier Noise Test Set. 

Required Equipment 

The following equipment is required for this example in 
addition to the standard HP 3048A system and your 
device-under-test (DUT). 

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

Table 3-19. Additional Equipment Required to 
Perform this Measurement Example 
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Must be entered in System 
Configuration Table (refer to 
Setting up the HP-IB Addresses in 
Appendix A for procedure. 

Option 130 

Two 10 dB attenuators or one 20 dB 
attenuator to prevent overdriving the 
input to the HP 11848A. 

2-foot BNC coaxial cables and 
adequate adapters to connect to the 
DUT. 
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Note This measurement requires that the HP 11729C Carrier 
Noise Test Set be included in the system configuration table 
if the system is to control the HP 11729C automatically. The 
HP 11729C should be entered with a functional name of 
"DOWN CONVERTER" and "130" must be entered in the 
configuration table "OPTION #" field. 

The HP 11729C can also be controlled manually, if desired, 
by selecting "AM-CW" mode. 

Defining the Measurement 

1. Press the Define Msrmnt key available at the Main 
Software Level on the HP 3048A. 

2. Press the |Test Files| key. 

3 Move the cursor down until it is positioned at the file 
labeled "HP EXAMPLE AM NOISE (HP 8662/3 and 
HP 11729C)". The appropriate measurement parameters 
for this example have been pre-stored in this file. 

4. Press the Load File softkey. 
5. After the system has completed the file loading 

sequence, press the Done softkey. Parameter entry is 
now completed for this measurement example. 
(Table 3-20 lists the parameter data that has been 
entered for this measurement example.) 
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Table 3-20. Parameter Data for the AM Noise Measurement Example 

Step 

1 

2 

3 

4 

5 

Parameters 
Measurement Type 
Frequency Range 

Start Freq. 
Stop Freq. 
Averages 

Instrument Parameters 
Carrier Frequency 
Detector/Discr. Input Frequency 

External Phase/AM Detector 
Calibration Technique 
Phase Detector Constant 

Amplitude 
Frequency 

Data 
AM Noise 

1 Hz 
100 E + 3 Hz 
4 

500 E + 6 Hz 
500 E + 6 Hz 

Derive From Double Sided Spur 
- 4 6 dBc 
1 E + 3 Hz 

Source Control 

DUT SOURCE RM DETECTOR 
8662H 

SYSTEM CNTRL 

CHL SOURCE 
8662H 

SYSTEM CNTRL 

11729C 
SYSTEM CNTRL 

Define Graph 
Title 

Minimum X 
Maximum X 
Minimum Y 
Maximum Y 

—j—II— 
j . l l 

HP 11848H 

NOISE INPUT 

HP 8662A AM NOISE USING AN HP 11729C 
DETECTOR 
1 Hz 
100 E + 3 Hz 
-170 
0 
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Note The stop frequency for the stored measurement is 100 kHz 
so the example will run on a standard HP 3048A system. 
If you have an RF analyzer configured in your system, you 
may want to change the stop frequency to 40 MHz in the 
Type/Range parameter menu. 

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 in the Source Control menu under the 

the softkey. All other measurements set the Define Msrmnt 
source to +16 dBm automatically. 

6. Press |Done| to return to the Main Software Level. 

Beginning the Measurement 

1. Press the New Msrmnt| 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 via a 
displayed warning (the measurement cannot be 
continued until the problem is corrected). (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 3-28. 

Table 3-21 contains setup considerations that will help 
ensure that your measurement results are valid. 
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Calibrating the Measurement 

After the connections have been made and checked, 
press the Proceed softkey. 

The HP 8662/3A will be set to the proper AM calibration 
parameters set in the Calibr. Proc parameter menu if you 
selected the calibrate source to be under system control as 
shown in the source control diagram in Table 3-20. If the 
source is under manual control the calibrate source (actually 
the DUT) should be set manually to 1% AM at a 1 kHz rate 
and press the Proceed softkey. 

The detector constant will be measured and the 
measurement will proceed automatically. The measurement 
data will be displayed on the computer screen as each 
segment of data is taken. 

Figure 3-28. Setup diagram for AM Noise Measurement Example. 
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Table 3-21. Setup Considerations for AM Noise Measurement Example. 

©stmSilaEfflstiB 
Cable Connections A special coax cable is supplied with the HP 11729C for making 

AM noise measurements. It connects the Noise Spectrum 
<10 MHz output of the HP 11729C to the Noise Input of 
the interface. This cable uses ferrite beads to suppress spurs 
generated by the CRTs (cathode ray tubes) used in the computer 
and spectrum analyzer displays. Use this special cable whenever 
you make AM noise measurements with the HP 11729C. 

Ground Loops Ground loops can be a problem in this type measurement. Ground 
loops can be minimized by adding DC Blocks in the signal path to 
isolate the DUT from the test equipment. The recommended DC 
Block is the Narda 562 (Type-N connectors) or the Narda 4563 
(SMA connectors). DC Blocks may also be referred to as Audio 
Interference Suppressors or Noise Suppressors. A ground loop 
can be suspected if the 60 Hz spurs have an amplitude greater 
than - 8 0 dBc. 

Note The noise will appear to roll-off below 10 Hz and above 
10 MHz due to the amplifier and filters in the HP 11729C. 
However, the measurement results between 10 Hz and 
10 MHz are still valid. 

Since the measurement calibration was performed at 1 kHz, 
the 1 kHz data point is guaranteed accurate. Accuracy at 
all other offsets depends on the flatness of the filters and 
amplifier in the HP 11729C. Typically HP 11729C unflatness 
is ±1 dB. This should be added to the HP 3048A accuracy 
specification at all offsets other than the calibration offset 
(1 kHz in this case) 
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When the Measurement is Complete 

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. 

Figure 3-29 shows a typical AM noise curve for an 
HP 8662A Signal Generator. This plot was generated by the 
HP 3048A using the measurement setup described in this 
example. 
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Figure 3-29. Typical AM Noise Curve for an HP 8662A 
Signal Generator using an HP 11729C Detector. 
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AM NOISG Using This example demonstrates the AM noise measurement of 
an HP 33330C a n H P 8662A Signal Generator using an HP 33330C 

Detector and a user-supplied filter network. 

Required Equipment 

The following equipment is required for this example in 
addition to the standard HP 3048A system and your 
device-under-test (DUT). 

Table 3-22. Additional Equipment Required to 
Perform this Measurement Example 

■EouiTnTerTtH 

^̂ ^̂ ^H 
CO? §§§§©§ 
© @ @ » 

©°s&(<M°fe© 

mm? Kkssssscfe 

® & II ©sanuEcas 1 

1 

1 
1 

1 

1 

Enter in System Configuration Table. 
(Refer to Appendix A.) 

Recommended type is Narda 562 
(Type-N connectors) or Narda 4563 
(SMA connectors). The DC Block is 
optional but should be used to 
prevent ground loops from affecting 
the measurement results. 
2-foot BNC coaxial cables and 
adequate adapters to connect DUT. 
The schematic for the filter network is 
shown in Figure 3-31 and must be 
provided by the user as it is not 
available from HP. The filter network 
should be built in a small metal box 
and should have connectors to 
connect directly to the HP 11848A 
Phase Noise Interface front-panel 
"NOISE INPUT" connector. The 
HP 33330C Detector should also 
connect directly to the filter network 
as shown in the Equipment Setup 
Diagram, Figure 3-30. 
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Note To ensure accurate measurements, you should allow the 
DUT and measurement equipment to warm up at least 
30 minutes before making the noise measurement. 

Defining the Measurement 

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

2. Press the Test Files key. 
Move the cursor down until it is positioned at the file 
labeled "HP EXAMPLE AM NOISE (HP 8662/3 and 
HP 33330C)". The appropriate measurement parameters 
for this example have been pre-stored in this file. 

4. Press the Load File softkey. 
5. After the system has completed the file loading 

sequence, press the |Done| softkey. Parameter entry is 
now completed for this measurement example. (Table 
3-23 lists the parameter data that has been entered for 
this measurement example.) 

Note The stop frequency for the stored measurement is 100 kHz 
so the example will run on a standard HP 3048A system. If 
you have an RF analyzer configured in your system, you 
may want to change the stop frequency to 40 MHz in the 
Type/Range parameter menu. This will allow you to 
measure over the entire offset range of the HP 3048A. 

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 in the Source Control menu. All other 
measurements set the source to +16 dBm automatically. 

6. Press Done to return to the Main Software Level. 
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Table 3-23. Parameter Data for the AM Noise Measurement Example 
Step 

1 

2 

3 

4 

5 

Parameters 
Measurement Type 
Frequency Range 

Start Freq. 
Stop Freq. 
Averages 

Instrument Parameters 
Carrier Frequency 
Detector/Discr. Input Frequency 

External Phase/AM Detector 
Calibration Technique 
Phase Detector Constant 

Amplitude 
Frequency 

Data 
AM Noise 

1 Hz 
100 E + 3 Hz 
4 

500 E + 6 Hz 
500 E + 6 Hz 

Derive From Double Sided Spur 
- 4 6 dBc 
1 E + 3 Hz 

Source Control 

OUT SOURCE RM DETECTOR 
8662A 

SYSTEM CNTRL 

CRL SOURCE 
8662R 

SYSTEM CNTRL 

USER'S DEV. 
MflNURL CNTRL 

H 
\ " 

Define Graph 
Title 

Minimum X 
Maximum X 
Minimum Y 
Maximum Y 

HP 11848A 

HP 8662A AM NOISE USING AN HP 33330C 
DETECTOR 
1 Hz 
100 E + 3 Hz 
-170 
0 
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Beginning the Measurement 

1. Press the New Msrmnt 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 (the measurement cannot be 
continued until the problem is corrected). (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 3-30. Table 3-24 contains setup considerations 
that will help ensure that your measurement results are 
valid. 

HP 3561A OYNAMIC 
SIGNAL ANALYZER 

Figure 3-30. Setup Diagram for AM Noise Measurement Example. 

3-114 Signal Source Applications 



r 
DETECTOR 

CONNECTION 

5-220wF 6V ~l 
"tt 

si in 

L Y_ __ J 

TYPE-N CONNECTOR 
TO FIT HP 11848A 
PHASE NOISE 
INTERFACE 
•NOISE INPUT-
DIRECTLY 

Figure 3-31. Schematic for Required Filter Network. 

Table 3-24. Setup Considerations for AM Noise Measurement Example. 

man) (msmmMim 
Cable Connections 

@DjJimi3IfB 

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 will 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. 

Ground Loops Ground loops can be a problem in this type measurement. 
Ground loops can be minimized by adding DC Blocks in the 
signal path to isolate the DUT from the test equipment. The 
recommended DC Block is the Narda 562 (Type-N connectors) 
or the Narda 4563 (SMA connectors). DC Blocks may also be 
referred to as Audio Interference Suppressors or Noise 
Suppressors. A ground loop can be suspected if the 60 Hz 
spurs have an amplitude greater than -80 dBc. 
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Calibrating the Measurement 

4. After the connections have been made and checked, 
press the | Proceed softkey. 

The HP 8662/3A will be set to the AM calibration 
parameters specified in the Calibr. Proc parameter menu. 
The calibration source is automatically set when it is under 
system control as shown in the source control diagram in 
Table 3-23. If the source is under manual or user control, the 
HP 3048A will prompt you to set the calibration source 
(actually the DUT) to 1% AM at a 1 kHz rate. 

5. When the calibration source has been set, press the 
Proceed softkey. 

The detector constant will be measured, and the 
measurement will proceed automatically. The measurement 
data will be displayed on the computer screen as each 
segment of data is taken. 

Note The filter network, if built as specified, will provide accurate 
results down to an offset of 1 Hz. 
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When the Measurement is Complete 

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 on its display. 

Figure 3-32 shows a typical AM noise curve for an 
HP 8662A Signal Generator. This plot was generated by the 
HP 3048A using the measurement setup described in this 
example. 
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Figure 3-32. Typical AM Noise Curve for an HP 8662A 
Signal Generator using an HP 33330C Detector. 
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If you need to know: Refer to: 

• How to interpret a display message Interpreting Display 
Messages (pg. 3-120) 

• What to consider when selecting a reference source Selecting a 
Reference (pg. 3-143) 

• How to determine the tuning sensitivity of your VCO 
source Estimating the 

Tuning Constant 
(pg. 3-147) 

• What the drift tracking capabilities of the 
system are Tracking 

Frequency Drift 
(pg. 3-149) 

• How to increase or decrease the Peak Tuning Range 
(PTR) for your VCO source Changing the PTR 

(pg. 3-151) 

• How to Minimize Injection Locking Minimizing 
Injection 
Locking (pg. 3-154) 

• What to consider when inserting an attenuator or 
an amplifier between the source output and the 
HP 11848A Inserting a 

Device (pg. 3-156) 

• How to determine whether noise near the small angle 
line exceeds the limits of the system Evaluating Noise 

Above the Small 
Angle Line (pg. 3-159) 
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Interpreting The following are lists of the HP 3048A's Error messages 
Display M e s s a g e s a n d Reference messages. Each message is provided with a 

brief description of the conditions which can cause it to be 
displayed, and the recommended actions to take. 

Error Messages 

The first two message lists contain the Error messages. When 
an Error message is displayed by the HP 3048A, the message 
may or may not be numbered. 

Reference Messages 

The reference message list begins after the Error message list. 
The HP 3048A designates a Reference message by placing 
the reference number at the end of the message. 

A complete listing of all messages, warnings, and, prompts 
can be found in the Messages Section of the HP 3048A 
Reference Manual. 
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Table 3-25. Numbered Error Messages (1 of 17) 

The Signal level entering the NOISE INPUT port of the HP 11848A exceeds 
1 volt peak. x 

Action: Press the | Retry| key. If the overload condition was transient, the system will 
proceed with the measurement. If Error 1 occurs again, reduce the signal level at the 
NOISE IN PUT port on the H P 11848A. / 

If an HP 11729C is being used to make an AM measurement, insert a 20 dB (50 Q) pad 
in the NOISE INPUT signal path. The pad should be connected directly to the HP 11848A. 

The loop suppression peak exceeds 10 dB. Excessive peaking can be caused by 
various conditions. Continuing with the measurement without verifying loop suppression 
may result in measurement accuracy degradation at offset frequencies within a decade 
of the PLL bandwidth. 

NOTE 
The SOURCE OUT port on the rear-panel of the HP 3561A must be 
connected to the NOISE INPUT port on the rear panel of the HP 11848A. 
If these ports are not connected, connect them now, press the Retry softkey. 

Excessive loop suppression peaking is generally caused by one of three conditions. Each 
condition produces a somewhat different response of the loop suppression curve. The 
loop suppression curve is displayed on the HP 3561A after the system has completed the 
loop suppression characterization. Figure 3-33 illustrates the typical curve response for 
each of the three conditions. 

Action: If the loop suppression peak for your measurement exceeds 10 dB (Error 2), 
observe the loop suppression curve displayed on your HP 3561 A. Then refer to the 
following condition described for the curve in Figure 3-33 that most closely resembles the 
curve displayed on your HP 3561 A. 
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Table 3-25. Numbered Error Messages (2 of 17) 

2 
(cont'd) 19 

dB<:v» 

„ 
dB 

-30 

A-MATH. 
RANGE: 20 dBV 

SORT ■.Ml ~£ • M£"£.' 
STATUS: PAUSED 

\. ; 

STAPT: 0 Hz X: 225 Hz 10.28 dB'V' STOP: £ 000 Hz 

1. Narrow Modulation Bandwidth 
RANGE: 20 dBV STATUS: PAUSED 

AiflATH S0P.T';m^2 ■ M2A2.' RMS: 2? 

>«- ^^A^.-::&■■'■4 

STOP: £ 000 Hz 

2. Large Spur on Input Signal. 
RANGE: 20 dBV STATUS: PAUSED 

AIHATH S0ET':m^ • M£-~-£.' RHS:£5 

Wr^> ,*'m^^w^^^ *Mw» 

STOP: £ 00G Hz 

3. High Noise on Input Signal 

Figure 3-33. HP 3561A Display of Loop Suppression Curves. 
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Table 3-25. Numbered Error Messages (3 of 17) 

2 
(cont'd) 

1. Narrow Modulation Bandwidth 

A noise hump on a relatively clean loop suppression curve occurs when the modu­
lation bandwidth of the VCO's tune port is not wide enough to provide adequate phase 
margin for the system's phase lock loop (PLL). The VCO's modulation bandwidth (the 
upper frequency limit of the VCO's tuning port) should be greater than approximately ten 
times the PLL bandwidth set for the measurement. PLL bandwidth is shown as a func­
tion of the Peak Tuning Range (PTR) in Figure 3-34. (The PTR for the measurement is 
determined by multiplying the VCO's Tuning Constant by its Voltage Tuning Range.) 
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Figure 3-34. Phase Lock Loop Bandwidth as a Function 
of the Peak Tuning Range of the Measurement. 
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Table 3-25. Numbered Error Messages (4 of 17) 

2 If the modulation bandwidth of the VCO source you are using is not at least 10 times 
(cont'd) greater than the PLL bandwidth for the measurement, there are generally three possible 

actions you can take. 

• Increase the modulation bandwidth of the VCO source. If the VCO source is a bread­
board or prototype oscillator, it may be possible to make the component changes 
necessary to provide sufficient modulation bandwidth. 

• Use a different VCO source with greater modulation bandwidth. 

• Decrease the PLL bandwidth to 1/10 the VCO's modulation bandwidth by decreasing 
the Peak Tuning Range (PTR) for the measurement. Use Figure 3-34 to determine 
the PTR required. The PTR can be reduced by decreasing the Tuning Voltage Range 
value entered. Divide the required PTR by the VCO's Tuning Constant to determine 
the appropriate Voltage Tuning Range to enter. (Keep in mind that reducing the PTR 
limits the HP 3048A's Frequency Drift Tracking Range for the measurement. For fur­
ther information about changing the PTR, refer to Changing the PTR in Chapter 3 
of this manual.) 
If you do not know the modulation bandwidth for your VCO source, you can deter­
mine it by locating the 3 dB roll-off frequency of the VCO tune port. The following 
steps describe a procedure for determining the modulation bandwidth. 

a. Connect a tracking generator output (such as the HP 3585A) to the tuning input 
port on your VCO. 

b. Set the tracking generator output to sweep the audio spectrum. 
c. Connect the RF output from your VCO to a modulation analyzer (such as an 

HP 8901 A). 
d. Set the modulation analyzer to measure FM. 
e. Connect an audio spectrum analyzer to the MODULATION OUTPUT on the 

HP 8901 A. 
f. Increase the frequency spectrum of the tracking generator, if necessary, until 

the 3 dB roll-off frequency can be seen on the audio analyzer's display. The 
3 dB frequency should be > ten times the PLL bandwidth for the measurement. 

The modulation bandwidth of a VCO can also be determined using the Bessel Null 
technique. Apply a series of audio frequencies to the tune port of the VCO. Observe the 
VCO's output signal on an RF Spectrum Analyzer and adjust the audio modulation level 
for the first carrier null. Calculate the VCO's modulation sensitivity at each modulation 
frequency using the level and frequency of the audio signal at the null setting. Plot the 
modulation sensitivity versus the audio frequency to determine the modulation bandwidth. 
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Table 3-25. Numbered Error Messages (5 of 17) 

2 
(cont'd) 

2. Large Spur on Input Signal 

A sharp peak on an otherwise correct loop suppression curve is evidence of a large 
spur (typically > -40 dBc) near the phase lock loop (PLL) bandwidth of the measurement 
(within a factor of two). Press Proceed to continue with the measurement. The measure­
ment results may not be totally accurate but the noise graph will provide you with the 
offset frequency and approximate level of the spur. (Chapter 6 Evaluating Measurement 
Results provides information that will help you isolate the spur source). 

If you are not able to reduce the spur level to < —40 dBc, it may be possible to make an 
accurate noise measurement by changing the PLL bandwidth. Measurement accuracy is 
only affected by spurs > -40 dBc that are within a factor of 2 of the PLL bandwidth. 
The PLL bandwidth is shown as a function of Peak Tuning Range (PTR) in Figure 3-34. 
(The PTR for the measurement is determined by multiplying the VCO's Tuning Constant 
by the VCO's Voltage Tuning Range entered for the measurement. For further information 
about changing the PTR, refer to Changing the PTR in Chapter 3 of this manual. 

3. High Noise on Input Signal 

NOTE 
Be sure that SOURCE OUT on the rear panel of the HP 3561A is connected 
to NOISE INPUT on the rear panel of the HP 11848A. If these ports are 
not connected, connect them now, press the Retry softkey. 

A noisy loop suppression curve is caused when one or both of the input signals has 
noise near the small angle line at offsets near the phase lock loop (PLL) bandwidth. For 
information about verifying the noise level and recommended actions for compensating 
for a high noise level, refer to Evaluating Noise Above the Small Angle Line in 
Chapter 3 of this manual. 

Unable to detect the presence of a beatnote. 

Action: 
1. Check to be sure that the correct Phase Detector is selected in the Inst. Params 

menu. 
2. Check sources to verify the frequency of each output signal. 
3. Check for a beatnote. (A procedure for tuning the beatnote to within the Capture 

Range for the measurement is provided in the Checking the Beatnote section of 
each Phase Lock Loop measurement example in Chapter 3 of this manual. An 
oscilloscope connected to the HP 11848A AUX MONITOR port can be helpful for 
monitoring and zeroing the beatnote.) 
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Table 3-25. Numbered Error Messages (6 of 17) 

Unable to close the Phase Lock Loop. 

Action: There are several possible conditions that can prevent the HP 3048A from being 
able to close the phase lock loop. These conditions and the actions recommended for 
verifying them are listed below in the order of probable cause. 

1. The system is not able to tune the beatnote to within the Capture Range set for the 
measurement. This possibility can be minimized by carefully following the Checking 
the Beatnote procedure provided in each measurement example in Chapter 3 of this 
manual. 
If an oscilloscope is available, you will find that connecting the scope to the AUX 
MONITOR port on the HP 11848A allows you to continuously monitor the beatnote 
throughout the measurement. By aborting this measurement and reinitiating a New 
Measurement, you can observe the beatnote as the HP 3048A attempts to close the 
phase lock loop (a message will appear in the HP 3048A's display to let you know 
when this is happening). The beatnote frequency, as seen on the scope, should 
decrease and then go to zero (dc). Watching the beatnote's response as the system 
attempts to adjust it to 0 Hz can provide clues about tuning problems that may exist. 

2. The beatnote drifted beyond the system's Capture Range before the HP 3048A was 
able to acquire lock. For further information on verifying the frequency stability of the 
beatnote, refer to Tracking Frequency Drift in Chapter 3 of this manual. 

3. The VCO Tuning Constant entered for the measurement was not within a factor of 2 
of the actual Tuning Constant, and the HP 3048A was not configured to measure the 
Tuning Constant for verification. For details on verifying the Tuning Constant of your 
VCO, refer to Estimating the Tuning Constant in Chapter 3 of this manual. 

4. The Peak Tuning Range set for the measurement is > 10 MHz and is causing the 
loop dynamics to be non-linear. When this condition exists, the non-linear response 
of the beatnote as the system attempts to close the phase lock loop can often be 
seen on an oscilloscope connected to the AUX MONITOR port on the HP 11848A. 

5. One of the sources is being injection locked as the HP 3048A is tuning the beatnote 
to 0 Hz. (Refer to Minimizing Injection Locking in Chapter 3 of this manual for 
recommended actions.) 

6. The modulation bandwidth of the VCO source's tuning port is not wide enough 
to provide adequate phase margin for the system's phase lock loop (PLL). The 
VCO's modulation bandwidth (the upper frequency limit of the VCO's tuning port) 
should be greater than approximately ten times the PLL bandwidth set for the 
measurement. PLL bandwidth is shown as a function of the Peak Tuning Range 
(PTR) in Figure 3-35. (The PTR for the measurement is determined by multiplying the 
VCO's Tuning Constant by its Voltage Tuning Range.) 
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Table 3-25. Numbered Error Messages (7 of 17) 

4 
(cont'd) 
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Figure 3-35. Phase Lock Loop Bandwidth as a Function 
of the Peak Tuning Range of the Measurement. 

If the modulation bandwidth of the VCO source you are using is not at least 10 times 
greater than the PLL bandwidth for the measurement, there are generally three possible 
actions you can take. 

• Increase the modulation bandwidth of the VCO source. If the VCO source is a bread­
board or prototype oscillator, it may be possible to make the component changes 
necessary to provide sufficient modulation bandwidth. 

• Use a different VCO source with greater modulation bandwidth. 

• Decrease the PLL bandwidth to 1/10 the VCO's modulation bandwidth by decreasing 
the Peak Tuning Range (PTR) for the measurement. Use Figure 3-35 to determine 
the PTR required. The PTR can be reduced by decreasing the Tuning Voltage Range 
value entered. Divide the required PTR by the VCO's Tuning Constant to determine 
the appropriate Voltage Tuning Range to enter. (Keep in mind that reducing the PTR 
limits the HP 3048A's Frequency Drift Tracking Range for the measurement. For 
further information about changing the PTR, refer to Changing the PTR in 
Chapter 3 of this manual.) 
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Table 3-25. Numbered Error Messages (8 of 17) 

4 If you do not know the modulation bandwidth for your VCO source, you can determine it 
(cont'd) by locating the 3 dB roll-off frequency of the VCO tune port. The following steps describe 

a procedure for determining the modulation bandwidth. 

a. Connect a tracking generator output (such as the HP 3585A) to the tuning input port 
on your VCO. 

b. Set the tracking generator output to sweep the audio spectrum. 
c. Connect the RF output from your VCO to a modulation analyzer (such as an 

HP 8901 A). 
d. Set the modulation analyzer to measure FM. 
e. Connect an audio spectrum analyzer to the MODULATION OUTPUT on the 

HP 8901 A. 
f. Increase the frequency spectrum of the tracking generator, if necessary, until the 

3 dB roll-off frequency can be seen on the audio analyzer's display. The 3 dB 
frequency should be > ten times the PLL bandwidth for the measurement. 

The modulation bandwidth of a VCO can also be determined using the Bessel Null 
technique. Apply a series of audio frequencies to the tune port of the VCO. Observe on 
an RF Spectrum Analyzer and adjust the audio modulation level for the first carrier null. 
Calculate the VCO's modulation sensitivity at each audio frequency using the level and 
frequency of the audio signal at the null setting. 

7. The noise on one or both sources exceeds the small angle limit. For information 
about verifying the noise level and recommended action, refer to Evaluating Noise 
Above the Small Angle Line in Chapter 3 of this manual. For information about 
measuring sources with high close-in noise, refer to Ignore Out of Lock in the Test 
Mode Section of Chapter 5 of the HP 3048A Reference Manual. 

5 Measured VCO peak tuning range exceeds 500 kHz (or 200 MHz.) The Peak 
Tuning Range limit for the system is 500 kHz (or 200 MHz if an RF analyzer is configured 
in the system). The Peak Tuning Range is the product of the VCO Tuning Constant 
multiplied by the Voltage Tuning Range of the VCO. (If the system measures the VCO's 
Tuning Constant, it will use the measured value to compute the Peak Tuning Range for 
the measurement.) 

Action: Reduce the Voltage Tuning Range entered for the VCO source you are using, or 
select a VCO source with a lower Tuning Constant. 

6 Unable to establish quadrature. Occurs when source is under system control and 
system is unable to acquire quadrature. The system attempts to acquire quadrature at 
the beginning of the measurement and after it has completed a measurement segment if 
quadrature was lost at any time while the segment was being measured. 

Action: Manually adjust for quadrature by adjusting the source frequency (or the Phase 
Shifter if one is being used). Adjust for center scale on the HP 11848A Quadrature Meter. 
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Table 3-25. Numbered Error Messages (9 of 17) 

Measured beatnotes depict non-linear VCO Tuning Constant. (Error 7 only occurs 
when the HP 3048A has been configured to Measure the VCO Tuning Constant.) 

The values shown on the display represent the measured beatnote frequencies for four 
tune voltage settings. The tune voltage settings are each derived as a percentage of the 
entered Voltage Tuning Range of the VCO (-45%, -15%, +15%, +45%) relative to the 
entered Center Voltage of the VCO Tuning Curve. For Example: 

Voltage Tuning Range of VCO = ±10V 
Center Voltage of VCO Tuning Curve = OV 
Tune Voltage Settings = -4.5V, -1.5V, +1.5V, +4.5V. 

Refer to the HP 3048A Reference Manual Instrument Parameters in Chapter 2, 
Measurement Definitions for system requirements for VCO linearity. 

Note that between the four measured frequency values shown on the display, three 
frequency range intervals are created. (For example, the measured values 95 Hz, 98.2 Hz, 
101.2 Hz, 105 Hz produce the following intervals: Interval 1 = 3.2 Hz, Interval 2 = 3 Hz 
and Interval 3 = 3.8 Hz.) 

Action: 

1. This error will occur if a Tuning Voltage Range of ±10 volts has been defined for a 
source with calibrated DC FM, and the HP 3048A is configured to Measure the VCO 
Tuning Constant rather than to Compute it. Refer to the HP 3048A Reference Manual 
"Enhanced Tuning" in the Instrument Parameters section of Chapter 2, Measurement 
Definitions for details on extending the Tuning Voltage Range of calibrated DC FM. 

2. If Interval 2 (described above) > > 1, and Interval 2 > > 3, then: 
Reduce the value entered for the Voltage Tuning Range of the VCO and then initiate 
a New Measurement. 

3. If there appears to be too little or no change between the measured frequency val­
ues (Intervals 1, 2, and 3ss0) then : 

• Check the Tune Voltage cable connections. 
• Verify that the VCO's tuning is enabled. 
• Perform the Estimating the Tuning Constant procedure provided in Chapter 3 

of this manual to verify the tuning response of the VCO and check that the 
entered VCO Tuning Constant is within a factor of 2 of the actual value. 

• Refer to the HP 3048A Reference Manual Instrument Parameters in Chapter 2, 
Measurement Definitions for Tuning Constant linearity requirements. 

• Verify that the beatnote is tuned to within the Capture Range for the 
measurement. 
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7 4. If the Frequency Intervals vary greatly and are considerably larger than expected for 
(cont'd) t n e tuning range of the the VCO, then: 

• Check for erratic frequency drift of the beatnote. (Beatnote stability is 
directly related to the frequency stability of each signal source used in the 
measurement.) 

5. If all four measured frequencies are 0 Hz, then: 
• Check for injection locking. Refer to Minimizing Injection Locking in Chapter 3 

of this manual for further information. 

8 Unable to find a beatnote. System was not able to detect a beatnote above -24 dBm 
(20 mVpk) between 0.1 Hz and 40 MHz. 

Action: Verify the presence of the beatnote signal. (Refer to the Checking the Beatnote 
procedure provided in each Phase Lock Loop measurement example in Chapter 3 of this 
manual.) If you are making a Phase lock loop measurement, be sure the VCO Tuning 
Constant value entered for the measurement is within a factor of 2 of the actual value. 
Refer to the HP 3048A Reference Manual Calibration Process in Chapter 2, Measurement 
Definitions for information about the beatnote calibration technique. 

The calibration spur could not be found. The system was unable to detect a spur 
within a factor of 2 of the entered spur frequency. 

Action: 
1. Check that the correct spur frequency was entered. 
2. Verify the output signal from the spur source. 
3. Increase the spur level up to but not exceeding a maximum of —20 dBc. 

NOTE 
If a single sided spur is being used and the source frequency is adjusted to 
maintain quadrature, the frequency of the spur source will also have to be 
adjusted to maintain the desired spur offset. 

" | 0 Waveform departs too drastically from sinusoidal to be used in calculation of 
the Phase Detector Constant. The system measures the slope of the waveform at 
both the positive and the negative zero crossings. If the true slopes differ in magnitude 
by more than 10%, Error 10 is generated. 

Action: Check the harmonic content of the two input signals to the Phase Detector. All 
even harmonics must be below -20 dBc to guarantee good symmetry of the beatnote 
waveform. If possible, increase the PTR to >10 kHz so that the beatnote is >1 kHz. 
Then the HP 3048A will measure the fundamental and its harmonics. (<1 kHz beatnote 
system measures slope of sinusoid.) 
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1 1 DC offset too large. Waveform does not cross 0 volts. This error occurs when the 
system is measuring the Phase Detector Calibration Constant and one of the following 
conditions exist. 

1. The dc offset is greater than the peak beatnote voltage due to a large dc offset or a 
low beatnote level. 

2. The beatnote frequency is much lower than expected and only the top or bottom 
portion of a sine wave peak is actually measured. 

Action: 

1. Observe the beatnote on the time record of the HP 3561A or on an oscilloscope 
connected to the AUX MONITOR port of the HP 11848A. 
Verify that the beatnote amplitude is correct for the signal level at the R input port 
on the HP 11848A. Figure 3-36 shows the relationship between the beatnote level 
and the level at the R input port. 
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Figure 3-36. Beatnote Level Relative to the Signal Level at the R Port. 

2. Verify that the phase detector DC offset is < 30 mV (< 50 mV if you are using the 
1.2 to 1.8 GHz Phase Detector). 

3. If the HP 3048A was not configured to measure the VCO Tuning Constant, verify 
that the entered value is within a factor of 2 of the VCO's actual Tuning Constant. 
A procedure for verifying the VCO's Tuning Constant is contained in Estimating the 
Tuning Constant in Chapter 3 of this manual. 

4. When the system measures the Phase Detector Constant, the beatnote frequency 
should be set to approximately 10% of the Peak Tuning Range (PTR) set for the 
measurement. If it is not, verify the VCO Tuning Constant and Voltage Tuning Range 
entered for the measurement. 
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12 Insufficient span. Less than one waveform found. A minimum of four zero 
crossings is necessary across the HP 3561 A's display. This error occurs when the 
system is measuring the Phase Detector Constant and the expected beatnote is < 1 kHz 

Action: When the system measures the Phase Detector Constant, the beatnote 
frequency should be set to approximately 10% of the Peak Tuning Range (PTR) set for 
the measurement. If it is not, verify the VCO Tuning Constant and Voltage Tuning Range 
entered for the measurement. A procedure for evaluating the tuning sensitivity of the VCO 
is provided in Estimating the Tuning Constant in Chapter 3 of this manual. 

13 The (File) does not exist in the current (Directory) and has not been loaded. 
This error occurs when the HP 3048A attempts to load a file and the disc containing that 
file is not present in the designated mass storage device. 

Action: Insert the disc containing the required file and proceed. 

1 4 DC offset from mixer > 1/2 peak voltage. The dc offset of the Phase Detector is 
determined and then used to adjust the Phase Detector calibration constant for true slope 
at the zero voltage point, 

Action: Observe the beatnote on the HP 3561A display or with an oscilloscope 
connected to the AUX MONITOR port on the HP 11848A. 

1. Verify that the beatnote amplitude is correct for the signal level at the R input port 
on the HP 11848A. Figure 3-37 shows the relationship between the beatnote level 
and the level at the R port. 
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Figure 3-37. Beatnote Level Relative to the Signal Level at the R Port. 
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1 4 2- Verify that the Phase Detector DC offset is < 30 mV (< 50 mV for the 1.2 to 
(cont'd) 1-8 GHz Phase Detector). If the dc offset is within this limit and the beatnote level 

is < - 2 3 dBV (< 0.1 Vpk at AUX MONITOR port), increase the beatnote level, if 
possible, by increasing the signal level at the R port. If the beatnote level cannot be 
increased sufficiently it may be necessary to decrease the dc offset by changing the 
carrier frequency. 

15 Detector Constant < 0.02 V/Rad. The measured Phase Detector Constant was below 
the system's 20 mV limit. 

Action: Observe the beatnote on the HP 3561A display or with an oscilloscope 
connected to the AUX MONITOR port on the HP 11848A. Verify that the beatnote 
amplitude is correct for the signal level at the R input port on the HP 11848A. Figure 3-
38 shows the relationship between the beatnote level and the level at the R port. If 
necessary, increase the signal level at the R port and verify that the signal level at the 
L port is > +15 dBm (> +7 dBm for the 1.2 GHz to 18 GHz Phase Detector). 
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Figure 3-38. Beatnote Level Relative to the Signal Level at the R Port. 
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