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HP 30484 Opt 301 Eey map Release: A.00.02

Dear Customer,
There are several arcas i the HF 3048A Opt 301 that bave some hidden function keys that you will find
necessary. The following list deseribes these keys, their function, and in which areas of the software they are
active.,
*Escape” - Back ont of imbedded menns
"Control-Break" - Stops measurement and returns to main menn
In “Graph of Results” screen
F4 - sends result graph to printer if GRAFPLUS loaded
*Shift" F4 - sends result graph and parameter spmmary to printer if GRAFPLUS loaded
“M* - amenn will appear in the top right corner of the graph, Press the first letter of each option or
highlight and "epter” to activate.
Marker - displays 2 marker on the graph. Move the marker with the arrow keys (UP
and DOWN - Coarse movement, LEFT and RIGHT - fine movement)
New Graticule - redraws graticole (no data will appear)
Flot data - plots current data or adds data to current graph
Omit spurs -  plots data without spurs
Escape - removes menu from screen (for printing graph, etc.)

In "Instrument Control” screen:

Type the first letter of each description to highlight the box. Repeated input of the first letter scrolls
through the choices available. These descriptions change depending on the measurement type.

In "Sigma vs Tau" screen (from “Manipulate Results):

Type F7 once - Plots Sigma vs Tau(sec)
Type F7 twice - Plots Jitter(sec) vs Tau(sec)

During measurement at connect diagram:

Arrow keys manipulate spans on RF analyzer and HP 3561A

RF analyzer
UP arrow - Increase RF analyzer Span (40 MHz max.)
DOWN arrow - Decrease RF analyzer span

HF 3561A
LEFT arrow - Decrease HP 3561A span
RIGHT arrow - Increase HFP 3561A span

In many screens, a "Shift” function key decrements the value that the listed function key increments. For example,
see Trace Integration - Shift F7.




HP 3048MS Phase Noise Measurement System Software Update Procedure

This update kit is to be used to update your HP 3048M$ Phase Noise Measurement System software currently
residing on the hard drive of your computer, If your HP 3043MS software displays HP 11838A Rev A.00.01 in
the lower left hand corner of the main menn, you must complete this procedure.

This update kit includes the following:

1. Three software diskettes:
a. HYP 3048A Option 301 Rev A.00.02 (PN 03045-10015)
b. Update '
¢ GRAFPLUS - This disk will not be used in this update procedure. Rather, it is a back-up copy

of an application currently installed on your bard disk drive. You shouid store it properly.
2. New manauls,
2. Update pages for the new manmals,

Currently, the HP 3048MS$ system software resides in a directory named \phase. The executable, EXE, file is
called 11838. This update procedure will create a new \3048 directory and copy to it, among other files, two new
execniable files, PN.EXE and CAL.EXE. PN.EXE is the updated version of 11838.EXE and CAL EXE is new
calibration software that you do not currently have. Some files from the old \PHASE directory will be copied
to the new \3048 directory.

To update your system with the new software, do the following:
1. Exit any application programs, if any, that are ¢arrently running on the computer,
2. Insert the HP 3043A Option 301 Rev A.00.02 diskette into the "A’ drive of your Vectra computer.

Be sure the MS-DOS prompt is As\ >. At this prompt, enter the following: INSTALL C
This will install the new HP 3048A Option 301 software onto the *C” drive in a new \3048 directoiy.

When the ¢computer has completed step 3, remove the HP 3048A Option 301 disk from the "A’ drive
and insert the Update disk into the "A’ drive.

At the MS-DOS prompt A:\ >, enter the following: UPDATE A C
This program will perform two tasks:

1. It stores duplicate copies of the Result (RES), Parameter (PRM), Calibration (.CAL) and
Configuration (.CFG) files that exist in the old \PHASE directory in the new \3048 directory.

2. It will overwrite the current AUTOEXEC.BAT file in the root directory with a new
AUTOEXEC . BAT that reflects the new \3048 directory and new execntable file name PN.EXE.
You can either let the Update program overwrite the AUTOEXEC.BAT or you can update it
yourself to reflect the new changes. However, this BAT file must be updated with the new
changes.

6. When the computer has completed step 5, remove the Update disk from the "A’ drive.
7. Re-boot your computer by either of the following:

1. Simultaneously pressing [Ctrl] [Alf] [Del].
2. Cycle the power to your computer.

8. The new software you have just installed (HP 3048A Rev. A.00.02) will automatically load into the
computer and run. HP 30484 A.00.02 should be displayed in the lower left hand part of the screen.
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Model 30484 Option 301 Calibration

General Information

INTRODUCTION

This manual documents the procedures which calibrate the HF 3048A Phase Noise
Measurement System. System calibration assures that the System meets its published
specifications. The procedures consist of system checks, functional tests, adjustments,
signal path characterization, and performance tests. Calibration of the HP 11848A Phase
Noise Measurement Interface results from calibration of the System.

NOTE

“Calibration” as referred to in this manual should not be confused with
the measurement calibration referred to in the normal course of making
@ phase noise measurement. Measurement colibrafion (especially, o mea-
surement with phase lock) refers to the characterization of such parameters
as the detector constant, tuning sensitivity of the signal source’s FM input,
and determination of the phase lock loop bandwidth.

The need for calibration is gaverned by the situation. It is usually not necessary nor even
desirable to recalibrate the System frequently. Testing guidelines are summarized below.

Most tests are automatic. Operator intervention is documented in the System’s test
software. It is recommended, however, that the user follow along in this manual as the
tests are running.

EQUIPMENT REQUIRED

Equipment required, but not part of the System, is minimal. A feature of the System is the
four sources built into the Interface which substitute for external sources in many cases.

Extensive use is made of the HP 3561A Dynamic Signal Analyzer both as a signal source
{using its built-in noise source) and as a signal analyzer. Any calibrated HP 3561A can be
used in calibrating the System; it does not need to be the specific HP 3561A in the System.

The external test equipment requirements are given in Table 1.

PERFORMANCE TEST RECORD

Most test results can be hardcopied to a printer. This practice is recommended. It is also
recommended that the serial number of the Interface under test he recorded in the System
Configuration Table so that it will appear on the printouts.

SYSTEM CALIBRATION TRACEABILITY

The measurement of phase noise, as implemented in the HP 3048A, is a ratio measurement
where both the numerator (the noise power) and the denominator (the carrier’s power) are
measured by the same system spectrum analyzer(s). The accuracy of the measured ratio
depends on the amplitude linearity of the spectrum analyzer. The amplitude linearity
calibration of the spectrum analyzer will be traceable to the U.5. National Institute
of Standards (NIST) if the instrumentation used to perform the spectrum analyzer’s
calibration is traceable to NIST.

General Information




Calibration Model 3048A Option 301

Table 1. Recommended Test Equipment

Instrument Suggested

Critical Specitications

Type Model

Audio Supported by HFP 3048A Option 301 software Ses Note (1)
Source

Frequency Frequency Range: 10 to 550 MHz HP 5315A
Counter

Microwave For systems with Option 201 only® ; 2 required See note (3).
Sources Frequengy Range: 1.2 1o 18 GHz

Maximum Level: »+7 dBm (soutce 1), =0 dBm (source 2)
Stability: drift smalt compared to 100 kHz

Noise Floor Supplied with systam, HP 11848-61032
Test Fixture No substitute recommended.

Power Meter For systems with Option 201 only'"? HP 4358
and Sensor Frequency Range: 1.2 to 18 GHz HF 84B1A
Leval Range: >47 dBm

Printer Supported by GRAFPLUST™™ HP ThinkJet Printer
HP PaintJet Printer
HF QuietJet Printer

RF Spectrum Supported by HP 3048A Option 301 software See Table 2 (V)
Analyzer

(1) Tho MP 33254/B and HP BAOJA are the only audio sources supported by the HP 3048A Option 301 software,
(2} Option 201 adds the 1.2 to 18 GHz input.
(3) A variety of combinations of sources with adequate outpu! and frequency range can be used for this test.

(4 Not needed unless the system is used with an RF spectrum analyzer,

Table 2. Supported RF Analyzers

Model Frequency Range Other Considerations

HP 3585A/8B 20 Hz 10 40 MHz Allows complete generation of calibration
filas. Synthesized LO, Tracking Generator

HP 8566A/B Varies with mode! Must verify calibration data by performing
HP 8567A the Noise Flainess Performance Test,

HP B5GBA/B Synthesized LOs. Although these analyzers
HP 71000 cannot genarate New HIGHDATA.CAL

= 100 kHz, the Cal Data is verified andfor
corrected by performing the Noise Flatness
Tesl.

General Information
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Table 3. Performance Verification Guideline

Check or Test to Run

Situation? Calibration
Performance Functional DAC

Tests Tests Tests

Option 1 | Option 2 | Sources

New Instaliation x(2)
Annual Calibration X3 & x(3) X(2)
Ambient Change
Confidence Check X b &
HP 11848A Repair X X X(3) x(3)
HP 3561A Repair X

() perform the Adjustments when recommended by the other tests.
() Run the Performance Tests when it Is desired to ensure that the System meets its published specifications.

(3) perform these in the following order: Functional Tests, DAC Tests, Option 2 Calibration, Internal Sources Calibration, than
Performance Tests.

WHEN AND WHAT TO TEST
Use Table 3 as a guideline for verifying the performance of the System.

The checks and tests are summarized below. The procedures are listed in the order in
which they are described except for the Source Options Spectral Purity Tests which follow the
Adjustments.

Quick Check is a confidence check which performs a complete phase-locked measurement of
the phase noise of the 10 MHz A vs. B internal sources.

Performance Tests verify that the System meets its published specifications. The tests are
as follows:

Spur Accuracy Test verifies the accuracy of noise measurements by measuring the level
of phase modulation on a carrier with a known discrete sideband level. (In the context
of phase noise measurements, discrete sidebands are often referred to as spurious
signals or “spurs”.)

Noise Flatness Test measures the unflatness of noise signals at offsets greater than
500 kHz. This test needs to be performed only when an RF spectrum analyzer is in the
System’s Configuration Table.

Noise Floor Test verifies the measurement sensitivity.

Microwave Phase Detector Conversion Loss (Option 201) Test measures the conversion
loss of the 1.2 to 18 GHz phase detector. If the detector is not within specification, the
noise floor will be degraded when the detector is used. (Option 201 adds the 1.2 to 18
GHz input to the Interface.)

Source Options Spectral Purity Tests verify the contribution of optional sources to the
noise floor. (The procedures for these tests follow the Adjustments.)

(General Information
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Functional Tests verify the functionality of the HP 11848A Phase Noise Interface. The tests
measure the paths for proper switching, DC offsets, amplifier gains, filter responses, etc.
(Adjustments to the HP 11848A can be made when Functional Tests show a problem.)

DAC Tests verify the accuracy of the three DACs in the HP 11848A Phase Noise Interface.
(Adjustments to the DACs should be made if a DAC is out of limits,) The DAC Tests require
accessing the interior of the Interface.

Option 1 Calibration totally characterizes the HP 11848A measurement paths and generates
new calibration data. The data collected replaces the data generated during the previous
calibration, The new data may be stored in mass storage. (However, it does not replace the
extra data obtained from the Option 2 Calibration.)

Option 2 Catibration is the same as Option 1 Calibration but includes the characterization
of two additional reference paths,

Internal Sources Calibration determines and records as data the nominal DAC 2 and DAC
3 voltages required to set the three tuneable, internal sources (VCOs) to their center
frequencies.

Adjustments are made when other tests or ¢checks indicate the need. Adjustments require
accessing the interior of the Interface.

A3 Adjustments are made to the A3 Analyzer Interface Assembly.
A4 Adjustments are made to the A4 Phase Detector Assembly.

THE IMPORTANCE OF SYSTEM CALIBRATION DATA
Phase noise measurements are ultimately made by the HP 3561A Dynamic Signal Ana-

lyzer after the demodulated “noise signal” has passed through the HP 11848A Phase Noise
Interface. Phase lock loop control signals also pass through the Interface. The Interface con-
ditions the signals for best measurement sensitivity and accuracy. It is therefore important
to know the characteristics of the circuits in the Interface.

The Interface’s characteristics are acquired during the Option 1, Option 2, and Internal
Sources Calibrations that are described above. The acquired data is stored on the mass-
storage media (hard or floppy disc). During the normal course of operation, the System
loads the data into the computer’s memory (RAM) where it is accessed by the program as
needed to correct the raw measurement data. Therefore, the stored data must match the
specific Interface being used. It is a good practice to keep the Interface’s serial number in
the System’s Configuration Table which will then appear on data printouts.

The calibration data is stored in two data files: “LOWDATA.CAL” and “HIGHDATA.CAL”.
LOWDATA.CAL is used for signal-path circuits through 100 kHz. HIGHDATA.CAL is
used for signal paths above 100 kHz plus the nominal tuning voltage of the tunable,
internal sources and noise-flatness data.

General Information
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HP 3048A Option 301 Software information

NOTE

If hardeopies of the test results are desired, the GRAFPLUS software
“must be executed prior to loading the HP 3048A Option 301 software. (For
detailed information on GRAFBLUS, refer to appendix A in the HP 3048A
Option 301 Operating Manual.)

LOADING THE SOFTWARE
To load the HP 3048A Option 301 software;
1. If the software will be run from a flexible disk, insert the disk into the disk drive.
The disk must be left in the drive for the programs to have access to it.
2. Select the drive for the software by typing <drive>: (for example C:) and then pressing

fon]
3. Set the directory path to 3048 by typing CD 13048 and then pressing [ ENTER |

NOTE

The HP 30484 Option 801 Software disk has two executable programs used
to calibrate the System.

s “PN.EXE” (referred to as the Phase Noise program)
» “CAL EXE" (referred to as the Calibration program)

4. To load and run the Phase Noise program, type PN and then press [ENTER ]
9, To load and run the Calibration program, type CAL and then press .

NOTE

If a National GFPIB interface card is used in place of an HP-IB interface
card, type PN /N to load the Phuase Noise program, or CAL /X to load the
Calibration program.

The instructions at the beginning of each procedure states which one of the
-above programs is used to perform a particular test.

For more information about hardware or software installation or use, refer
to appendix A in the HP 3048A Option 301 Operating Manual.

HP 3048A Option 301 Software Information
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SOFTWARE OPERATION

With either the Phase Noise Main Menu, or the Calibration Main Menu is displayed on
your computer, use the following operating instructions.

1. Select a Main Menu item using one of two methods:
a. Press the first capitalized letter of the item you want.
b. Use the up @ or down IE‘ keys to move the inverse video box over the item you

want, then press the key.

. When a Main Menu item is selected, a pop-up window or diagram is superimposed over
the Main Menu to provide you with further selections, or with entry fields or diagrams
for input.

. More pop-up windows may appear as you make selections. Press the (escape) key
to return to the previous window.

To reduce keystrokes as you move between windows or diagrams, press and hold the
key, and then the first capitalized letter of the Main Menu item that you want.

. To abort a measurement, press the and keys simultaneously. The
measurement will stop and the software will return to the Main Menu.

. To print a hardcopy of a phase noise graph, press and [ F4] simultaneously.

If a hardeopy of the test results is desired, the GRAFPLUS software must be executed
prior to loading the HP 3048A Option 301 software. (For detailed information on
GRAFPLUS, refer to appendix A in the HP 3048A Option 301 Operating Manual.)

. At the Main Menu level, you may press the @ key to exit the HP 3048A Option 301
software,

HP 30484 Option 301 Seftware Information
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Quick Check

DESCRIPTION

The Quick Check iz a straight-forward, phase-lock-loop measurement of the phase noise
of the two internal 10 MHz sources (A vs. B). Though the check is easy to run, a large
portion of the circuitry in the HP 11848A Phase Noise Interface is exercised. A completed
measurement with good results verifies that the System is operating correctly but does not
verify its accuracy.

The check uses only equipment that is part of the System. Measurement definition
parameters for this test are retrieved from a Test File named “DEFAULT.PRM”,
NOTE

This check duplicates some of the guided tour in the Getting Started section
of the Operating Manual. The program used for this procedure is PN.EXE.
For more information, refer to Loading the HP 30484 Option 301 software
on page 5.

EQUIPMENT

Printer. This test will run without a printer connected to the computer, However, connecting
a printer is recommended.

m If a hardcopy of the test results is desired, the GRAFPLUS software must be executed prior

to loading the HP 3048A Option 301 software. (For detailed information on GRAFPLUS,
refer to appendix A in the HP 3048A Option 301 Operating Manual.)

PROCEDURE
1. From the Phase Noise Main Menu, select File System,

. Select Directory.

2

3. Type *.PRM and press [ ENTER |

4. Using the [& ][] keys, select DEFAULT.PRM and press [[ENTER |
5

. Select Load File.
DEFAULT. PRM should be displayed as the path.

. Press to load the file.
7. Press to return to the Main Menu.

8. Select New Measurement.

{Juick Check
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9. Press| Y |to indicate that new measurement data is desired. The System now addresses
each instrument listed in the System’s Configuration Table. If an instrument does not e
respond to the HP-IB address listed for it, the System will inform you with a display &
message. (For details on adding an instrument to the System’s Configuration Table or
verifying an HP-IB address, refer to appendix A in the HP 3048A Option 301 Operating
Manual.)

. Connect the HP 3561 A input and the two 10 Mtz source outputs to the HP 11848A as
shown in the connect diagram on the computer display and in Figure 1. Note especially
the rear-panel connections.

NOTE

The Interface’s SPECTRUM ANALYZER oufput should either be termi-
nated in 808 or an BF spectrum analvzer should be connected to it.

. Press the F1 to run the test. The measurement should proceed without error messages,
and the measured noise results should be within 10 dB of that in Figure 2. (The plot in
Figure 2 is typical for a System without an RF spectrum analyzer. The measurement
takes about 5 minutes depending on the controller and the presence of the RF spectrum
analyzer.)

NOTE

A graph of the loop suppression curve will be displayed before the actual
measurement begins. This i3 normal for this measurement. Press E to
proceed.

12. When the test is done, the computer will sound a short heep and display the message
MEASUREMENT COMPLETE for approximately 5 seconds.

13. To print a hardeopy of a phase noise graph, press and gimultaneously.
14. Press to return to the Main Menu.

Quick Check
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HP 3561A DYNAMIC
SIGNAL ANALYZER

SOURCE OUT
(REAR PANEL)

10 HP 35814
INPUT

Sy,

NOISE INPYT

FROM HP 35814 . ANALYZER

SOURCE OUTPUT Egmﬁo—&lé
(REAR PANEL) HERE.

SPECTRUM ANALYZER

"HP 11B48A PHASE
NOISE INTERFACE

Figure 1. Quick Check Setup

HP3048A DEMO: 10 MHz "A" vs. 10 MHz "B"
[HP) 3049A Carrier: 10.E+6 Hz 9/06/90 14:44:15 - 14:46:31

L{f) [dBcsHz] vs. flHz]

Figure 2. Typical Noise Plot for the System Quick Check

Quick Check
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Spur Accuracy Test

DESCRIPTION

In this test an external audio tone is input to the phase modulator of the internal 10 MHz
B Oscillator to generate a 10 MHz carrier with discrete, phase-modulation sidebands. The
sideband level (relative to the carrier) is calibrated with the HP 3561A Dynamic Signal
Analyzer and then measured as a normal phase noise measurement (with the 10 MHz A
Oscillator phase locked to 10 MHz B Oscillator). The measurements are made with audio
tones of 5.5, 55, 550, 5500, 55 000, and (if an RF spectrum analyzer is present) 550 000 Hz.

To calibrate the sideband level (relative to the carrier), the two 10 MHz Oscillators (A and
B) are set 785 Hz apart and fed into the RF Phase Detector. The amplitude of the 785 Hz
beatnote is measured by the HP 3561A. This level is the carrier reference level. Then the
phase modulation sidebands for each modulation rate are measured with the HP 3561A
and the relative sideband level is computed as the ratio of the two measurements.

The RF signal simulates the spurious discrete phase modulation (often called “spurs”)
frequently appearing in phase noise measurements. Although testing is done on discrete
tone sidebands, the general accuracy of the noise sideband measurement is verified.

If an RF spectrum analyzer is not present, the test covers offsets of 1 Hz to 100 kHz. If an
RF analyzer is present the range is 1 Hz to 1 MHz.

EQUIPMENT

Printer. This test will run without a printer connected to the computer, However, connecting
a printer is recommended.

If 2 hardcopy of the test results is desired, the GRAFPLUS software must be executed prior
to loading the HP 3048A Option 301 software. (For detailed information on GRAFFLUS,
refer to appendix A in the HP 3048A Option 301 Operating Manual.)

Audio Source. An HP 3325A/B or HP B904A is required for this test and must be entered

in the System’s Configuration Table. (For details on how to add an instrument to the

Configuration Table, refer to appendix A in the HP 3048A Option 301 Operating Manual.)
NOTE

The program used for this procedure is PN.EXE. For more information,
refer to Loading the HP 30484 Option 301 software on page .

PROCEDURE
1. From the Phase Noise Main Menu, select Advanced Functions.
2. Select Spur Accuracy Test,
3. Belect Perform Test.
4. Connect the instruments as shown on the display and in figure 3.

10 Spur Accuracy Test
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NOTE
@ The Interface’s SPECTRUM ANALYZER output should either be termi-
nated in 50Q or an RF spectrum analyzer should be connected to it.

b. Press . The measurement should proceed without error messages, and the mea-
sured spurs should be similar to the ones shown in figure 4 with no failures listed.

(The measurement takes about 10 minutes depending on controller and the presence
of the RF spectrum analyzer.)

HP 3561A DYNAMIC
SIGNAL ANALYZER

SOURCE OUT
(REAR PANEL)

NOISE INPUT
FROM HP 35614 — — —_
SOURCE OUTPUT B

O

T0 HP 3581A
INPUT

AUDIO SOURCE (REAR PANEL)

TONE INPUT
(REAR  PANEL)

(CONNECT RF
SPECTRUM

ANALYZER
OR  50--0M
LOAD HERE.)

SPECTRUM ANALYZER

o
Q
-

HP 1184BA PHASE
NOISE INTERFACE

Figure 3. Spur Accuracy Test Setup

NOTE

If an RF spectrum analyzer is not present, the test covers offsets of 1 Hz to
100 kHz. If an RF analyzer is present the range is 1 Hz to 1 MHz.

. When the test is done, the computer will sound a short beep and display the message
Measurement Complete for approximately 5 seconds.

7. To print a hardcopy of a phase noise graph, press and simultaneously.
. Press to return to the previous menu.
. To view the test results, select Test Results.
. To print a hard copy of the test results table, press .

NOTE

Failures are indicated by an F in the error column of the failed data. If this
test fails, check the level of the calibration spur versus the measured spurs
in the printed results to help determine what caused the failure.

. Press three times return to the Main Menu.

Spur Accuracy Test
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Heulett-Packard Factory Spur Accuracy Test

[(HP] 3048A Carriar: 10.E+6 Hz 2/Me/P0  15:31:59 - 15:34:28
L

ia ! u N " ' R
.:!.:.”..::.I..,.-".:-.“-:

ST o
"'if'g"l'b':'.""'!".."

10K 100K
L() {dBc/Hzl vs. f[Hz]

Hewlett-Packard Factory Spur Accuracy Test  9/06/90 [15:31:59 - 15:36:28]
HP 1184BA &5N: 2924A00450

Spur Freq (Hz) Calibratd (dBe) Measured (dBe) Error (dB)

5E.5E+3
55.E+3
550.E+3

Figure 4. Typical Spur Accuracy Test Resulls

12 Spur Accuracy Test
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” Noise Flatness Test

DESCRIPTION

This test verifies that the calibration data used for phase noise measurements above 500
kHz offsets is accurate.

The test requires an RF spectrum analyzer in the System’s Configuration Table and needs
to be run only when an RF analyzer is used while making measurements. (An HP 3585A/B
Spectrum Analyzer is supplied with Systems having Option 101.) The test is a standard
phase-lock-loop measurement of the phase noise of the internal 400 MHz and 350-500 MHz
Oscillators. The frequency offset range of the measurement is 500 kHz to 40 MHz. The 400
MHz Oscillator has a flat or white phase noise distribution from 500 kHz to 40 MHz.

This test measures the maximum unflatness above 500 kHz relative to the measured noise
value at a 500 kHz offset.
NOTE

The program used for this procedure is PN.EXE. For more information,
refer to Loading the HP 3048A Option 301 software on page 5.

EQUIPMENT

Printer. This test will run without a printer connected to the computer. However, connecting
a printer 15 recommended.

If a hardeopy of the test results is desired, the GRAFPLUS software must be executed prior
to loading the HP 3048A Option 301 software. (For detailed information on GRAFPLUS,
refer to appendix A in the HP 3048A Option 301 Operating Manual.)

PROCEDURE
1. From the Phase Noise Main Menu, select Advanced Functions,
. Select Noise Flatness Test.
. Press{Y|to indicated that new measurement data is desired.
. Connect the instruments as shown on the display and in figure 5.

. Press the . The measurement should proceed automatically without error messages
(but see the following note) and the measured noise should be similar to that shown in
figure 6. (The measurement takes about 5 minutes depending on the controller.)

., When the test is done, the computer will sound a short beep and display the message
Measurement Complete for approximately 5 seconds.

. To print a hardcopy of a phase noise graph, press and [Fe] simultaneously.
. Press twice to return to the Main Menu.

Naize Flatness Test 13
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NOTE

It is permissible to proceed with the test if an accuracy specification m
degradation message is displayed if the degradation is 1 dB or less.

If the test results indicate an unflatness > 2 dB, correction data is au-

tomatically stored in the file HIGHDATA.CAL to compensate for the
unflatness.

HP 3561A DYNAMIC
SIGNAL _ANALYZER

SOURGCE QUT
(REAR PAMEL)

RF SPECTRUM ANALYZER

[=] ooco
DUC'] =] apoco .

[=]

0 a

ooga
[;':' 5'1 o a O NOISE INPUT
— FROM HF 35814
[ o o R Y . SOURCE QUTPUT 70 HP 35B1A
oc=opooooo|| PPP . INPUT

(REAR PANEL)
oCJooooaa oog

(c::] (Goa) |DCZ0 noaoad

SPECTRUM
. ANALYZER

|« 00 0 D0OCO © O . 2 ‘
. m -

HP 11848A PHASE
350-500 MHz NOISE INTERFACE

400 WHz

Figure 5. Noise Flatness Test Setup
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Heulett-Packard Factory Noise Flatness Test
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Figure 6, Typical Noise Flotness Test Results
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Noise Floor Test

DESCRIPTION

Thiz test measures the noise of the System apart from the phase noise contribution of the
external reference sources. Thus this test measures the ahsolute sensitivity (the noize floor)
of the System.

The output of the internal 350-500 MHz Oscillator is split and applied to both inputs of
the 5 MHz to 1.6 GHz Phage Detector. However, one path to the phase detector is delayed
one-quarter wavelength to establish phase quadrature of the split signals. Fine adjustment
of quadrature is made by tuning the oscillator until the dec output of the detector is OV. The
phase noise of the oscillator cancels itself out because the phase fluctuations of the split
gignals are correlated.

EQUIPMENT

Printer. Thiz test will run without a printer connected to the computer, However, connecting
a printer is recommended.

If a hardcopy of the test results is desired, the GRAFPLUS software must be executed prior
to loading the HP 3048A Option 301 software. (For detailed information on GRAFPLUS,
refer to appendix A in the HP 3048A Option 301 Operating Manual.)

Noise Floor Test Fixture. A power splitter with delay line is required for this test. This device
is supplied with the System (HP 11848-61032).

PROCEDURE

NOTE

The program used faor this procedure is PN.EXE. For more information,
refer to Loading the HF 30484 Option 301 softwore on page 5.

1. From the Phase Noise Main Menu, select Advanced Functions.

2. Select Internal Noise Test.

3. Press| Y| to indicated that new measurement data is desired.

4. Connect the instruments as shown on the display and in figure 7.
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NOTE

The Interface’s SPECTRUM ANALYZER output should either be termi-
nated in 50 or an RF spectrum analyzer should be connected fo it.

Connect the Noise Floor Test Fixture directly to the L and R ports of
the PHASE DETECTOR INPUTS. Line length is critical; do not connect
intervening cables.

Tighten all connections securely as the Noise Floor test results may be
affected by loose connections. Also, do not mechanically disturb the System
while the test is running.

HP 3561A DYNAMIC
SIGNAL ANALYZER

SOURCE OUT
(REAR PANEL)

TO HP 35614
INPUT

(CONNECT RF
SPECTRUM

ANALYZER

OR 50=0HM
LOAD HERE).
350500 MHz2

SPECTRUM ANALYZER

HP 11848A PHASE
NOISE INTERFACE

Figure 7. Noise Floor Test Setup

5. Press . The measurement should proceed automatically without error messages
and the measured noise should be similar to that shown in Ifigure 8. (The measurement
takes about 30 minutes depending on the controller and the presence of the RF
spectrum analyzer.)

NOTE

If no RF spectrum analyzer is present, the test covers offsets of 0.01 Hz fo
100 kHz. If an RF analyzer is present the range is 0.01 Hz to 40 MHz.

The phase detector constant is not measured for this test. A phase detector
constant of 0.6 Viradian is used for the Noise Floor Tesi because at
the specified R-port power level, the phase detector constant is typically
0.6 V/radian.

6. When the test is done, the computer will sound a short beep and display the message
Measurement Complete for approximately 5 seconds.

7. To print a hardcopy of a phase noise graph, press and simultaneously.
8. Press twice to return to the Main Menu.
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Heulett-Packard Factory Noise Floor Test

[HP]1 3048A Carrier: 424.45E+4 Hz 206790 10:58:374 - 11:24:14
1 1 B R B B O R M E TR R K

10 100 1K 10K 100K i 10H

L{f) [dBgrHz] vs. f[Hz] w

Figure 8. Typical Noise Floor Test Results
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Microwave Phase Detector Conversion Loss (Opt. 201) Test

DESCRIPTION

Two microwave sources are set 50 kHz apart. One is connected to the R port of the Interface’s
1.2 GHz to 18 GHz (microwave) phase detector; the other is connected to the L port. The
phase detector generates a 50 kHz IF beatnote at its output which is measured by the
HP 3561A. The conversion loss of the phase detector is the ratio of the leve!l of the beatnote
to the level of the signal at the R port. This procedure is repeated for several carvier
frequencies. Because of the high frequencies involved, the power of the two sources is
measured by a power meter for each frequency.

The signal path within the Interface is controlled manually using the 11848A Control
feature. The microwave sources are operated manually.

Conversion loss is not an explicitly specified parameter but must be within the limits given
in this procedure to assure specified sensitivity (that is, noise floor) for the stated carrier
frequency. Excessive conversion loss is usually caused by a defective phase detector (mixer)
itself or by interconnecting cables or relays.

EQUIPMENT

Microwave Sources. Two microwave sources are required. If the full range of the microwave
phase detector is to be tested, both sources must cover 1.2 to 18 GHz. The drift and short-
term instability of both sources must be less than 100 kHz. One source must output at least
. +7 dBm, the other at least 0 dBm. If the required stability is unobtainable, the test can be

run with an RF spectrum analyzer (such as the HP 3585A/B) used in place of the HP 3561A,;
the source instability must be less than 10 kHz, If any other RF spectrum analyzer 15 used,
the output power of the Option 201 Phase Detector at the Spectrum Analyzer port should
be measured with the power meter.

Power Meter and Sensor. A power meter with sensor is required for this test to check the
power into the L and R ports of the microwave phase detector. The power meter must be
able to measure up to +10 dBm from 1.2 to 18 GHaz.

Spectrum Analyzer. The HP 3561A Dynamic Signal Analyzer or the HP 3585A/B Spectrum
Analyzer is recommended but other RF spectrum analyzers can be used. If any other
spectrum analyzer is used, the output power of Option 201 Phase Detector at the Spectrum
Analyzer port should be measured with a power meter.

Microwave Phase Detector Conversion Loss (Opt. 2015 Test 19
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PROCEDURE

The microwave phase detector is more suseeptible to burnout than the RF
phase detector. Levels greater than +10 dBm may cause damage. Measure
the power levels with a power meter before connecting the sources to the
phase detector. Also, disconnect the sources from the phase detector before
changing frequency.

NOTE

The program used for this procedure is PN.EXE. For more information,
refer to Loading the HP 3048A Option 301 software on page 5.

1. Two signal sources and the spectrum analyzer are connected to the Interface as follows.
(Refer to Figure 9.)

a. Set one microwave source to 1.2 GHz. Measure the power with a power meter and
set the level to 0 dBm. Connect it to the front-panel R input of the 1.2 GHz TO
18 GHz phase detector.

. Set the other microwave source 50 kHz above or below 1.2 GHz. Measure the
power with a power meter and set the level to +7 dBm. Connect it to the front-
panel L input of the phase detector. (If an RF spectrum analyzer is to be used, a
1 MHz beatnote is suggested.)

. Preset the HP 3561A for a 0 to 100 kHz frequency span. Connect the HP 3561A’s
input to the Interface’s front-panel TO HP 3561A INPUT output. (If an RF spectrum
analyzer is used, set it to view a 1 MHz signal.}

HP 3561A DYNAMIC
SIGNAL ANALYZER

SIGNAL GENERATOR

10 HP 35614

WPUT

SIGNAL GENERATOR . [coniECt R¥
. NALYZER

QR3O OHM
LOAD MERE.

S — ) e =

ey
HP 118484 PHASE
NOISE INTERFACE

Figure 9. Microwave Phase Detector Conuversion Loss Test Setup

2. From the Phase Noise Main Menu, select Advanced Functions.
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3. Select 11848A Control.
“ 4. Set up the HP 11848A internal configuration as follows.
h a. Select Preset.
b. Select DAC/GAINS, etc.
¢. Using the [A][V] keys, select the line labeled HPF(H):, press [6], then press
[Even]

d. Press[Esc].
e. Select K/IL/IS SWITCHES.

f. Using the @, El, EI,E, keys select the line labeled K12:, press , then press
)

g. Using the[A],[¢], EI, E, keys select the line labeled K13:, press [ 1], then press
E)

5. Set one of the microwave sources to the frequencies indicated in table 3 below. Set
the other source 50 kHz above or below the frequency of the first source. (If an RF
spectrum analyzer is being used, set the other source 1 MHz above or below the first
source.) For each pair of frequencies, remeasure the power of both sources, reconnect
the sources to the phase detector, and read the level of the 50 kHz (or 1 MHz) signal
from the spectrum analyzer. The level should be —25 dBV (~12 dBm) or higher.

Table 3, Conversion Loss Test Results

Microwave Source Limits of Beatnote Signal (dBV)
Frequency
{GHz) Lower Actual

1.2 —25
2 —25
4 =25
8 -25

=25

—-25

2
8

5. Press three times to return to the Main Menu.

Microwave Phase Detector Conversion Loss (Opt. 201) Test 2]
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Functional Testis

DESCRIPTION

The Functional Tests exercise the hardware in the Interface and check for proper function-
ing, Examples of the hardware checked are switches, amplifiers, attenuators, DACs, filters,
etc. The program permits a run-through of all checks or in some cases a single function can
be individually tested.

In a typical test such as the testing of a filter, the program routes the noise source of the HP
3561A Dynamic Signal Analyzer through a reference path to the input of the HP 3561A
and measures the signal level at several frequencies. The program then inserts the filter
in the path and remeasures the levels.

Except for checks of dc offset and VCO control path, test limits are loose because only
the general functioning of the filter is checked. (Measurement path filters are tightly
characterized by the Option 1 or Option 2 Calibration program.)

EQUIPMENT

Printer. To perform all tests sequentially using All Tests (w/Hardcopy), a printer must be
connected to the computer and the GRAFPLUS software must be executed prior to loading
the HP 3048A Option 301 software. (For detailed information on GRAFPLUS, refer to
appendix A in the HP 3048A Option 301 Operating Manual.)

A specific test can be performed without a printer. However, it is not recommended.

PROCEDURE ‘”

NOTE

The program used for this procedure is CAL EXE. For more information,
refer to Loading the HP 3048A Option 301 software on page 0.

. From the Calibration Main Menu, select Functional Tests.

NOTE

The tests may be run as an entire sequence or tests may be run individually
as outlined in the following steps. Before proceeding with the lests, you
should read the Comments section below.

. To perform all tests sequentially, select All Tests w/Hardcopy.

To perform a specific test, select the desired {est, and then follow the instructions on
the display. An * (asterisk) will flagh in the lower right portion of the window border
to indicate the test is running.

. When the test is done, use the [A][v] keys to view the test results or press to
print a hard copy.

. Press to return to the Main Menu.
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Comments

m If it is desired to have the Interface’s serial number appear on the printout, the serial
b number must appear in the System’s Configuration Table. This practice is recommended.

Runtime. The full functional test takes about 25 minutes to run. Some manual reconnection
of cables is required.

Connections. Signal connect diagrams or instructions appear on the display as the test
or tests proceed. However, two connections are assumed that are not shown. (1) The rear-
panel SOURCE QUT connector of the HP 3561 A must be connected to the rear-panel NQISE
INPUT FROM HP 3561A SOURCE QUTPUT connector of the Interface. (2) The Interface’s
SPECTRUM ANALYZER output should either be terminated in 500 or an RF spectrum
analyzer should be connected to it. In either case the spectrum analyzer port must be
terminated in 500,

Tests. A brief description of the ten Functional Tests follows, Referring to the Block
Diagram foldout at the end of this manual will help in understanding the descriptions.

0 - Flip-Flop Test. The out-of-lock and overload flip-flops are tested when set and cleared.

1 - Rear Panel Tune Voltage Output Test. The transfer function of ATTEN 1 is measured
by a method similar to A - A8/A4 Transfer Functions Test.

2 - Front Panel Tune Voltage Qutput Test. The transfer function of ATTEN 3 is measured
by a method similar to A — A3/A4 Transfer Functions Test.

2 - RF Phase Detector Beatnote Test. The (A6) 10 MHz VCXO A and (A7) 10 MHz VCXO
B are fed into the RF Phase Detector. A beatnote of 500 Hz is generated and the amplitude
measured. This test checks the functioning of both escillators and the RF Phase Detector.

4 - Beatnote Pull Test (DACs 1, 2, & 3). This is similar to Test 06, but the oscillators are
individually tuned by each of the three DACs to test their tuning sensitivity.

5 — Peak Detector & Switched HPF Test. An 800 Hz beatnote is generated by the method
described in Test 06. The beatnote is fed into the Peak Detector following the 10 Hz/50 kHz
High-Pass Filter. The d¢ output from the Peak Detector is measured with the 10 Hz then
the 50 kHz filter switched in,

6 — Oscillator Test. The abzolute level and frequency of the 100 kHz Calibration Oscillator
and the Search Oscillator are measured.

7 - DC Offsets Test. The HP 3561A is used as a dc voltmeter to measure the dc level at the
front-panel TO HP 3561A INPUT connector. The voltage is measured with many different
cireuits in the measurement path. The cireuits are labeled for each result. If the voltage is
slightly out of limits, in most cases they can be adjusted. (Refer to the Adjustments further
on in this manual.)

8 - Lag/Lead Transfer Fuanctions Test. Lag-Lead Network 1 is measured at 8 different
settings,

9 - PLL Paths Transfer Functions Test. This check is similar to A - A3/A4 Transfer
Functions Test except that the paths are through the circuits labeled GAIN 1, GAIN 2,
and ATTEN 2 on the Block Diagram.

A - A3A4 Transfer Functions Test. A3 iz the Analyzer Interface Assembly; A4 is the
Phase Detector Assembly. The circuit paths checked are between the rear-panel NOISE
INPUT FROM HP 3561A SOQURCE QUTPUT connector (J14) to the front-panel TO HP 3581A
INPUT connector (J11). The print out path descriptions give some idea of the signal flow.
A measurement of the simplest path is made first; this becomes a reference for the tests.
Measurements are made at several frequencies.
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DAC Tests

DESCRIPTION

The output of the three Digital-to-Analog Converters (DACs) is measured with each input
bit individually set high. DAC 1 can be tested via a front-panel output. DACs 2 and 3 can
only be tested at internal test points. This requires removal of the top cover of the HP
11848A Phase Noise Interface. The HP 3561A Dynamic Signal Analyzer is used as a de
voltmeter in this test.

Since this test requires accessing the interior of the Interface, precautions should be taken
to prevent electrical shock. Care should also be taken to minimize electro-static discharge
that could damage sensitive electrical devices.

EQUIPMENT

Printer. This test will run without a printer connected to the computer. However, connecting
a printer is recommended.

If a hardcopy of the test results is desired, the GRAFPLUS software must be executed prior
to loading the HP 3048A Option 301 software, (For detailed information on GRAFPLUS,
refer to appendix A in the HP 3048A Option 301 Operating Manual.)

PROCEDURE

NOTE

The program used for this procedure is CAL.EXE. For more informdtion,
refer to Loading the HP 30484 Option 301 software on page 5.

1. The testing of DACs 2 and 3 requires removal of the top cover of the Interface, To do
this:

a. Switch LINE to OFF.
b. Remove the line cord.
¢. If the rear panel of the Interface has two feet in the upper corners, remove them.

. Unscrew the screw in the middle of the rear edge of the top cover, This is a captive
screw and will cause the top cover to push away from the frame. (A slight tapping
on the top cover will aid in removal.) Slide the cover back about 6.5 mm (0.25 inch)
and lift it off.

e. Re-insert the line cord and switch LINE back to ON,
2. From the Calibration Main Menu, select Test DACS.
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NOTE

@ Before proceeding with the tests, you should read the Comments section
) below.

3. Connect the instruments as shown on the display.
4. Press 1o proceed,

NOTE

An = (asterisk) will flash in the lower right portion of the window border
to indicate the test is running.

5. When the test is done, use the [& ][] keys to view the test results or press to
print a hard copy.

6. Press to return to the Main Menu.

Comments

If it is desired to have the Interface’s serial number appear on the printout, the serial
number must appear in the System’s Configuration Table. This practice is recommended.

Connections. To test DACs 2 and 3, you will be prompted to connect the HP 3561A input to
testpoints on the A3 Analyzer Interface Assembly. A3 is the large printed circuit board
under the top cover. (Refer to the HP 11848A Service Manual for details.) The testpoint
locations are shown in Figure 11.

The specific connections are:

DAC 2; Connect the negative (~) lead (the outer conductor) to A3 TP207 (ground). Connect
the positive (+) lead (the inner conductor) to A3 TP202,

DAC 3: Connect the negative (-)lead (the outer conductor) to A3 TP207 (ground). Connect
the positive (+) lead (the inner conductor) to A3 TP201.
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A3 Adjustments

DESCRIPTION

The A3 Analyzer Interface Assembly in the HP 11848A has ten adjustments. The adjust-
ments are guided by the system software but the software neither displays the actual mea-
surement values nor indicates whether the adjustment is within the proper limits; rather,
the operator simply reads the value from the HP 3561 A and adjusts the specified component
until the reading is within limits.

The following adjustments are made:

Component Circult Purpose

A3RGS AC/DC Adaptive Coupler | Minimize dc offset
A3R74 1 Hz High-Pass Fifter Minimize dc offset
A3RB0 10 Hz High-Pass Fitter Minimize dc offset
AZRE6 100 Hz High-Pass Filter Minimize d¢ offset
A3R92 1 kHz High-Pass Fliter Minimize dc offset
AJRSS 10 kHz High-Pass Filter Minimize dc offset

A3R132 Floating Amplifier 2 Maximize ground isolation
A3R134 Floating Ampiifier 1 Maximize ground isolation

A3R210 DAC 2 Set raterence level
A3R206 DAC 3 Set reference tevel

Since these procedures require accessing the interior of the Interface, precautions should
be taken to prevent electrical shock. Care should also be taken to minimize electrostatic
discharge that could damage sensitive electrical devices.

PROCEDURE

NOTE

T'he program. used for this procedure is CAL EXE. For more information,
refer to Loading the HP 3048A Option 301 software on page 5.

Initial Setup

1. The adjustments to the A3 Analyzer Interface Assembly require removal of the top
cover of the Interface. To do this:

a. Switch LINE to OFF.
b. Remove the line cord.
c. If the rear panel of the Interface has two feet in the upper corners, remove them.

. Unscrew the screw in the middle of the rear edge of the top cover. This is a captive
screw and will cause the top cover to push away from the frame. Slide the cover

back about 6.5 mm (0.25 inch) and lift it off.
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e. Re-insert the power cord and switch LINE back to ON.
2. Set the HP 3561A input switch to the FLOAT position. w
3. From the HP 11838A Calibration Main Menu, select Internal Adjustments.

4, Select 3 - A3 Adjustment.
NOTE

The physical location of testpoints and adjustable components is shown in
Figure 16.

DC Offset Adjustments
5. Connect the instruments as shown on the display and in figure 12.

6. Make the adjustments for ASR68, A3R74, A3R80, A3R86, A3R92, and A3R98 as
instructed. Press when done with each adjustment.

NOTE

The adjustment limit prompt “0 VDC +/- 300 uV”means that the adjusted
value should be between —300 and + 300 microvolts de.

The values you are monitoring and adjusting appear as the value for “Y:”
or “Yr:” at the bottom center of the HP 3561 A display.

HP 3561A DYNAMIC
SIGNAL ANALYZER

TO HP 3581A
INPUT

HP 1184BA PHASE
NOISE INTERFACE

Figure 12. A3 DC Offset Adjustments Setup
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Ground Isolation Adjustments

m 7. Connect the instruments as shown on the display and in figure 13. This sets up a
reference for the following measurements.

8. Press to proceed.

9. Using a BNC-to-clip lead adapter of the cable from the HP 3561 A noise source, connect
the instruments as shown on the display and in figure 14.

NOTE

Connect the ground (outer conductor} lead of the clip-lead adapter to chassis
ground in the HP 11848A. (Testpoint A3 TP46 is a convenient ground
connection point.)

Connect the other lead (the signal lead or inner conductor) of the clip-lead
adapter to the outer conductor of the BNC tee. Note that the outer conductor
of the tee is not chassts ground, it is an isolated, floating ground.

HP 3561A DYNAMIC
SIGNAL _ANALYZER

SOURCE QUT
(REAR PANEL)

Figure 13. A3 Ground Isolation Reference Setup
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@

HP 3561A DYNAMIC
SIGNAL ANALYZER

E I loooanooo

85}

SOURCE
ouT

(REAR PANEL)

CUP LEAD ADAPTER
A3TPAE
{GROUND)

HP 11848A PHASE
NOISE INTERFACE

Figure 14. A3 Ground Isolation Setup

10. Adjust A3R132 as instructed. Refer to Figure 15 which shows a typical result after
adjustment.

11, Press to proceed.

12. The next prompts instruct you to simply move the BNC tee (with cables and adapters
attached) from its present connection to the HP 11848A front-panel connector labeled
TUNE VOLTAGE OUTPUT. Then adjust A3R134 in a manner similar to A3R132 above.
(It may also be necessary to use a different ground connection.)

13. Press|F1]to proceed.

DAC Reference Adjustments

14. Connect the instruments as shown on the display.

NOTE

Connect the ground (outer conductor) lead of the clip lead-edapter to
TP207. Connect the other lead (inner conductor) of the clip lead-adapter
to either TP 203 or TP 201 as requested.

The adjustment limit prompt “-10 VOLTS +/- 50 mV” means that the
adjusted value should be between —10.05 and —9.95 volts.

The adjustment limit prompt “-.323 VOLTS +/- 1 mV” means that the
adjusted value should be between —324 and — 322 millivolts.

15. Press to proceed.
16. Adjust A3R210 as instructed.

17. Press to proceed.

A3 Adjustments
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18. Connect the instruments as shown on the display.

, 19. Press[F1] to proceed.

20. Adjust A3R206 as instructed.
21. Press to return to the Main Menu.

AANGE: =40 dBV
BRAT (MAG™2 / M1™3)

—120

START: 0 Hz BW: 12.5 Hz STOP: B Q00 Hz
¥: 2500 Hz Y: ~62.741 dB (V)

Figure 15. Typical Ground Isolation Adjustment
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1 _Hz HPF 10 _Hz HPF 100 Hz HPF
DC OFFSET ADJ 0C OFFSET ADJ 0C OFFSET aDJ

P

PHASE DETECTOR
QuUTPYT/GND
ISOLATION  ADJ

AC/DC
ADAPTIVE_ COUPLER
OC OFFSET ADJ

&

1
HPF DC
OFFSET ADJ

&

16 kHz

HPF OC

OFFSET ADJ
&

TUNE VOLTAGE
QUTPUT/ GND
ISOLATION  ADJ

—o

A3
TP203 Analyzer Interface
Assembly

Figure 16. A3 Testpoint and Adjustment Locations
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A4 Adjustments

DESCRIPTION

The A4 Phase Detector Assembly in the HP 11848A has six adjustments, The adjustments
are guided by the system software but the software neither displays the actual measure-
ment values nor indicates whether the adjustment is within the proper limits; rather, the
operator simply reads the value from the measuring instrument (usually the HP 3561A)
and adjusts the specified component until the reading is within limits.

The following adjustments are made:

Component Circuit Purpose

AdRBT Low-Noise Amplifier Minimize dc offset

A4R51 Low-Noise Amplifier Match input impedance (500)

A4RTO Low-Noise Amplifier Match low/high frequency gains

A4R38 PLL 12 dB Amplifier Zeros panel meter at maximum sensitivity
A4R278 DAC 1 Set reference lavel

A4CaZ Low-Noise Amplifier High-frequency peaking(*}

(1) This adjustment can be done only with the HP 3585A/B Spectrum Analyzer in the System’s
Configuration Table,

Since these procedures require accessing the interior of the Interface, precautions should
be taken to prevent electrical shock. Care should also be taken to minimize electrostatic
discharge that could damage sensitive electrical devices.

EQUIPMENT

RF Spectrum Analyzer. The adjustment of A4C32 requires an HP 3585A/B Spectrum
Analyzer. This adjustment is necessary only if phase noise measurements to 40 MHz offsets
are made. Since an RF spectrum analyzer with a tracking generator must be used and
since the program software controls only the HP 3585A/B, no substitution of equipment is
possible. (The software will not run the A4C32 adjustment if an HP 3585A/B is not in the
System’s Configuration Table.)

PROCEDURE

NOTE

The program used for this procedure is CAL EXE, For more information,
refer to Loading the HP 3048A Option 301 software on page 5.
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Initial Setup

1. The adjustments to the A4 Phase Detector Assembly require that the assembly be pulled w
out from the front panel. (It will be helpful to refer to the figure and procedure for --
accessing the A4 assembly in the HP 11848A Service Manual.) To do this:

. Switch LINE to OFF.

. Remove the line cord.

. Remove the plastic trim strip from the top of the front frame.

. Remove the three Torx screws in the top of the front frame.

. Remove the three Torx screws in the bottom of the front frame.

. Carefully pull the front panel out far enough to access the six adjustment holes in the
shield covering the A4 assembly. Note that it is not necessary to remove the shield
from the A4 assembly to make the adjustments.

g. Re-insert the line cord and switch LINE back to ON.
2. Set the HP 3561A input switch to the FLOAT position.
3. From the Calibration Main Menu, select Internal Adjustments.
4. Select 4 - A4 Adjustments.

NOTE

The physical location of testpoints and adjustable components is shown in
Figure 24.

Low-Noise Amplifier Adjustments

5. Connect the instruments as shown on the display and in figure 17.

HP 3561A DYNAMIC
SIGNAL _ANALYZER

TQ HP J561A
INPUT

HP 11848A PHASE
NOISE INTERFACE

Figure 17. A4 Low-Noise Amplifier Adjustment Setup
6. Make the adjustment for A4R67 as instructed.
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NOTE

The adjustment limit prompt “0 VDC +/- 20 uV” means that the adjusted
value should be between -20 and +20 millivolts de.

The value you are monitoring and adjusting appear as the value for “Y:”
at the bottom center of the HP 3561 A display.

7. Press to proceed.

8. Connect the instruments as shown on the display and in figure 18. This sets up a 50Q
reference for the following measurements.

9. Press to proceed.

HP 3561A DYNAMIC
SIGNAL ANALYZER

SOURCE OUT
(REAR PANEL}

Figure 18. A4 Low-Noise Amplifier Impedance Match Reference Setup

10. Connect the instruments as shown on the display and in figure 19. This allows the HP
3561A to compare the loading of the noise input port to the loading of a 50Q termination.

HP 3581A DYNAMIC
SIGNAL _ANALYZER

Dm

SOURCE QUT
(REAR PANEL)

HP 11848A PHASE
NOISE INTERFACE

NOISE
INPUT

Figure 19. A4 Low-Noise Amplifier Impedance Match Adjustnient Setup
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11. Adjust A4R51 as instructed. Refer to Figure 20 which shows a typical result after
adjustment.

12. Press to proceed.

RANGE:

—-25 dBv

SGRT (MAB™2 / M1™2)

STOP: 5 000 Hz

Figure 20. Typical Low-Noise Amplifier Impedance Match Adjustment
13. Connect the instruments as shown on the display and in figure 21.

SOURCE GQUT
(REAR PAMNEL)

HP 3561A DYNAMIC
SIGNAL ANALYZER

NOISE INPUT
FROM HP 35B1A
SOURCE QUTPUT

(REAR PANEL}

TO HP 3561A
INPUT

gCONNECT RF
PECTRUM
ANAL'

YZER
OR  50~0HM
LOAD HERE.

SPECTRUM ANALYZER

HP 118484 PHASE
NOISE INTERFACE

A4 Adjustments

Figure 21. A4 Low-Noise Amplifier Guin Adjustment Setup
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14, Press to proceed.
@ 15. Adjust A4R70 as instructed. The result should be similar to the one in figure 20.
16. Press to proceed.

Phase Lock Loop 12 dB Amplifier Adjustment
17. Adjust A4R38 to zero the panel meter as instructed.
18. Press to proceed.

DAC 1 Adjustment
19. Adjust A4R278 as instructed.
20. Press[F1]to proceed.

NOTE

The adjustment limit prompt “+10 VOLTS +/- .05 VOLTS” means that the
adjusted value should be between +-9.95 and +10.05 volts.

L ow-Noise Amplifier Peaking Adjustment

NOTE

If an HP 3585A/B RF Spectrum Analyzer is not in the System Configura-
tion Table, this adjustment cannot be made, and the software will return

m to the Internal Adjustments menu.

21, Connect the instruments as shown on the display and in figure 22. Also, check that the
tracking generator is set for maximum output level.

HP 3561A DYNAMIC
SIGNAL ANALYZER

(5N
L:E
0
alg

' 00on o
goog
(XY

SOURCE OUT
(REAR PANEL}

gogg
1 gogo o

HP 3585 SPECTRUM ANALYZER
NOISE INPUT
FROM HP 3561A

(ood) SOURCE OUTPUT

o d

2 .

=]
gg g g (REAR PANEL}
Gean : KJPUI;F 35614
goooaocg '"f.%‘ FROM :

QCaoooooo Tm?:?(?a‘?e

(i) (e5o)|oc=o0 oooo GENERATOR SPECTRUM
RGN (REAR PANEL) . ANALYZER

I
GENERATOR 50-75 01

HP 11848A PHASE
NOISE INTERFACE

Figure 22, A4 Low-Noise Amplifier Peaking Adjustment Setup
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22. Press E' to proceed.

23. Adjust A4C32 using a non-metallic tuning tool. The adjustment is most easily done by
setting the RF spectrum analyzer to local (press the LOCAL key) then moving the marker
with the knob. The adjustment is correct when the level of the highest point on the trace
is opposite and equal to the lowest point (usually 40 MHz). A typical adjustment ig shown
in figure 23,

. Press [F1] to proceed.

. The computer will display & message to disconnect the cable from the HP 3585A/B
tracking generator. Remove the cable and press any key to continue.

. Press to return to the Main Menu.

REF -20.0 dBv MARKER 40 000 000.0 Hz
1 dB/DIV RANGE —30 d8v —-1.52 dB

START .Q Hz STOP 40 GO0 J00.0 Hz
RBW 30 KHz VBW 30 KHz 5T .2 SEC

Figure 28, Typical Low-Noise Amplifier Peaking Adjustment
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DAC 3 LMNA
VOLT AR PEAKING  ADW LNA DC
? OFFSET ADJ

LNA LF
GAIN - ADM

|-©

LNA LF
INPUT 2 ADJ

my

METER
ZERO ADJ

Ad
Phase Detector
Assernbly

Figure 24. A4 Testpoint and Adjustment Locations
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Option 1 Calibration

DESCRIPTION

The Option 1 Calibration program characterizes the gain and flatness of signal paths
internal to the HP 11848A Phase Noise Interface. These unique characteristics are
calibration factors which scale the measurement results for best noise measurement
accuracy.

NOTE

Option 1 Celibration is similar fo Option 2 Calibrafion, However, Option 2
Calibration collects data to characterize two additional reference paths.
Perform Option 2 Calibration annually. Perform Option I Calibration
when significant ambient changes occur.

For frequencies of 100 kHz and below, the calibration program sets up the HP 3561A as
a scalar network analyzer. The internal noise source of the HP 3561A is the input signal
to the network under test and the spectrum analyzer function measures the magnitude of
the output from the network. For frequencies of 100 kHz through 40 MHz, the HP 3585A/B
(which is required for this frequency range) is used with its internal tracking generator
used as the stimulus.

The collected data is stored in two files in mass media storage titled “LOWDATA,CAL”

and “HIGHDATA.CAL”. Since the data is unique to each individual HP 11848A, it is
important that the two files be transferred along with the Interface should the Interface be U
moved to another System. The data should be tagged to the serial number of the Interface it
represents. (The Interface’s serial number is logged in the System’s Configuration Table.)

Note, however, that the data is not unique to the HF 3561A (or HP 3585A/B) spectrum
analyzer.

EQUIPMENT

Printer. This test will run without a printer connected to the computer. However, connecting
a printer is recommended.

If a hardcopy of the calibration data is desired, the GRAFPLUS software must be exe-
cuted prior to loading the HP 3048A Option 301 software. (For detailed information on
GRAFPLUS, refer to appendix A in the HP 3048A Option 301 Operating Manxial.)

RF Spectrum Analyzer. The System collects data through offsets of 100 kHz with the HP
3561A. Data through 40 MHz offsets requires, in addition, an HP 3585A/B Spectrum
Analyzer. Since an RF spectrum analyzer with a tracking generator must be used and
since the program software controls only the HP 3585A/B, no substitution of equipment is
possible.
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PROCEDURE

NOTE

The program used for this procedure is CAL . EXE, For more information,
refer to Loading the HP 3048A Option 301 software on page 5.

initial Setup
1. Set the HP 3561A input switch to the FLOAT position.
2. From the Calibration Main Menu, select Calibration.

Calibration to 100 kHz Offsets
3. Select DC to 100 kHz Calibration,
4. Press [F_l to indicate measurement of external path is not desired.

5. Connect the instruments as shown on the display and in figure 25.

HP 3561A DYNAMIC
SIGNAL _ANALYZER

D=

SOURCE QUT
(REAR PANEL)

00000000

cFoa3bnO o Fi
[=) (s o i) i | oo

TO HP 35614
INPUT

: (ol ™
NOISE INPYT -
FROM HP 3561A - ANALYZER
SOURCE OUTPUT ESAD:)OJEOR':ZM
(REAR PANEL) .

SPECTRUM ANALYZER

HP 118484 PHASE
NOISE INTERFACE

Figure 25. First Option 1 Calibration Setup

6. Press to proceed.

7. When the calibration is done, the computer will display the message Calibration
from DC to 100 kHz Complete.

8. Press to return to the Calibration Menu,

NOTE

This is the end of Option 1 Calibration if no HP 3585A/B Spectrum
Analyzer is present, continue with step 16.
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Calibration 100 kHz through 40 MH2 Offsets
9. Select 100 kHz - 40 MHz Calibration. .9
10. Press [N]to indicate measurement of external path is not desired.

11. Connect the instruments as shown on the diagram and in figure 26.

HP 3561A DYNAMIC
SIGNAL ANALYZER

{REAR PANEL) BB%%
0aao
HP 3585 SPECTRUM ANALYZER 0gao

o Dooc FROKWP 3381

EXE] g peoollogfdo SOURCE OUTPUT

ooo)]| o [=] REAR PANEL})
[;D 2118 2 O coao {

oo oooo|[ 5o .- w, | o pe e
o=ecoobo INPUT FROM :
ocCJoooooa oo H.?m%?gae .
oo good c GENERATOR SPECTRUM
5 Q . ANALYZER

(REAR PANEL)
TRACKING
GENERATOR OC 00 0

HP 11848A PHASE
NOISE INTERFACE

Figure 26. Second Option 1 Calibration Setup
12. Set the HP 3585A/B Tracking Generator for maximum output level.

13. Press to proceed. ‘

14. When the calibration is done, the computer will display the message Disconnect
cable from 3585A Tracking Generator. Disconnect the cable.

15. Press to return to the Calibration Menu.

Evaluating Calibration Data
16. To evaluate the calibration data:
a. Select Evaluate Cal. Data.
b. Select the calibration data to be evaluated from the displayed menu.
¢. The graphed results will now be displayed. To print a hard copy, press .
d. Repeat the above steps for all calibration data to be evaluated.
e. Press to return to the Calibration Main Menu.
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Storing Calibration Data

17. Once the calibration data has been taken, and evaluated, the following choices are
available.

« To store the new calibration data, select Store Cal. Data to Disk. This will update
the files LOWDATA.CAL and HIGHDATA.CAL on the disk being used.

» To load calibration data previously stored to the disk, select Load Cal, Data from
Disk,

s To clear all calibration data from memory, select Wipe Cal. Data from Memory.

NOTE

If none of the above steps are selected, the latest colibration data taken will
rernain in memory but will not be stored on disk. If the calibration program
is exited, the latest calibration data will be lost,

18. Press to return to the Main Menu.
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Option 2 Calibration

DESCRIPTION

The Option 2 Calibration program characterizes the gain and flatness of signal paths
internal to the HP 11848A Phase Noise Interface. These unique characteristics are
calibration factors which scale the measurement results for best noise measurement
accuracy. Option 2 Calibration is similar to Option 1 Calibration. However, Option 2
Calibration collects data to characterize two additional reference paths. Perform Option
2 Calibration annually.

For frequencies of 100 kHz and below, the calibration program sets up the HP 3561A as
a scalar network analyzer. The internal noise source of the HP 3561A is the input signal
to the network under test and the spectrum analyzer function measures the magnitude of
the output from the network. For frequencies of 100 kHz through 40 MHz, the HP 3585A/B
(which is required for this frequency range) is used with its internal tracking generator
vsed as the stimulus.

The collected data is stored in two files in mass media storage titled “LOWDATA.CAL”
and “HIGHDATA.CAL”. Since the data is unique to each individual HP 11848A, it is
important that the two files be transferred along with the Interface should the Interface be
moved to another System. The data should be tagged to the serial number of the Interface it
represents. (The Interface’s serial number is logged in the System’s Configuration Table.)
Note, however, that the data is not unique to the HP 3561A (or HP 3585A/B) spectrum
analyzer.

EQUIPMENT

Printer. This test will run without a printer connected to the computer. However, connecting
a printer is recommended.

If a hardcopy of the calibration data is desired, the GRAFPLUS software must be exe-
cuted prior to loading the HP 3048A Option 301 software. (For detailed information on
GRAFPLUS, refer to appendix A in the HP 3048A Option 301 Operating Manual.)

RF Spectrum Analyzer. The System collects data through offsets of 100 kHz with the HP
3661A. Data through 40 MHz offsets requires, in addition, an HP 3585A/B Spectrum
Analyzer. Since an RF spectrum analyzer with a tracking generator must be used and
since the program software controls only the HP 3585A/B, no substitution of equipment is
possible.

PROCEDURE

NOTE

The program used for this procedure is CAL EXE. For more information,
refer to Loading the HP 3048A Option 301 software on page 5.

Initial Setup
1. Set the HP 3561 A input switch to the FLOAT position.
2. Prom the Calibration Main Menu, select CALIBRATION,
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Calibration to 100 kHz Offsets
@ 3. Select DC to 100 kHz Calibration.
4. Press[Y]to indicate measurement of external path is desired.

5. Connect the instruments as shown on the display and in figure 27, This sets up a 500
reference for the following measurements.

HP 3561A DYNAMIC
SIGNAL ANALYZER

SOURCE QUT
(REAR  PANEL)

50-0HM
LOAD

Figure 27, First Option 2 Calibration Setup

m 6. Press to proceed.

7. Connect the instruments as shown on the display and in figure 28.

HP 3561A DYNAMIC
SIGNAL ANALYZER

SOURCE QUT
(REAR PANEL)

TO HP 3561A
INFUT
CONNECT RF
PECTRLUM
ANALYZER

OR 50-0HM
LOAD HERE.
NOISE INPUT -

SPECTRUM ANALYZER

HP 11848A PHASE
NOISE INTERFACE

Figure 28. Second Option 2 Calibration Setup
8. Press to proceed.

9. Connect the instruments as shown on the display and in figure 29.

Option 2 Calibration




Calibration Model 3048A Option 301

HP 3561A DYNAMIC &

SIGNAL ANALYZER

SOGURCE OUT
(REAR PANEL)

TO HP J561A
INPUT

gCONMECT RF
NGISE INPUT M N’:EETRUM

FROM HP 35814 M OR 50-0HM
SOURCE QUTPUT LOAD HERE.

(REAR PANEL)

SPECTRUM ANALYZER

HP 11848A PHASE
NOISE INTERFACE

Figure29. Third Option 2 Calibration Setup

10. Press to proceed.

11. When the calibration is done, the computer will display the message Calibration
from DC to 100 kHz Complete.

12. Press to return to the Calibration Menu.

If no HP 3585A/B Spectrum Analyzer is present, this is the end of Option 2 9
Calibration. Continue with step 24. w

Catlibration 100 kHz through 40 MHz Offsets
13. Select 100 kHz ~ 40 MHz Calibration,
14. Press| Y | to indicate measurement of external path is desired.

15. Connect the instruments as shown on the display and in figure 30. This sets up a 50Q
reference for the following measurements.

HP 3585 SPECTRUM ANALYZER

aooo ‘g

a
a
=]

B
oo
oCoDoOo0oo
Oroooonno

(=) [coo) (B0 oo
TRACKING
GENERATOR I = C C 00 CO o) 50-750

~ =

Figure 30. Fourth Option 2 Calibration Setup
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Calibration

16. Set the HP 3585A/B Tracking Generator for maximum output.

17. Press to proceed.

18. Connect the instruments as shown on the display and in figure 31.

TRACKING
GENERATOR

HP 3585 SPECTRUM ANALYZER

Ry

DCooooocon
o—oooooao
oc—Qg aooo

OO0 COC o]

= 8Q O
»

e
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50-751

SOURCE OUT
(REAR PANEL)

NQISE INPUT
HP 3581A
SOURCE QUTPUT

(REAR PANEL)

HP 3561A DYNAMIC
SIGNAL ANALYZER

e

NOISE INPUT

TQ HP J3581A
INPUT

SPECTRUM
AMALYZER

HP 11848A PHASE
NOISE INTERFACE

Figure 31. Fifth Option 2 Calibration Setup

19. Press to proceed.

20. Connect the instruments as shown on the display and in figure 32.
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Figure 32. Sixth Option 2 Calibration Setup
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21. Press to proceed.

22. When the calibration is done, the computer will display the message DISCONNECT CABLE FROM m
35854 TRACKING GENERATOR. Disconnect the cable.

23. Press to return to the Calibration Main Menu.

Evaluating Calibration Data
24. To evaluate the calibration data:
a. Select Evaluate Cal. Data.
b. Select the calibration data to be evaluated from the displayed menu.
¢. The graphed results will now be displayed. To print a hard copy, press{Fa |
d. Repeat the above steps for all calibration data to be evaluated.
e. Press to return to the Calibration Main Menu.

Storing Calibration Data
25. Once the calibration data has been taken, and evaluated, the following choices are available.

« 'To store the new calibration data, select Store Cal. Data to Disk. This will update the files
LOWDATA.CAL and HIGHDATA.CAL on the disk being used.

« To load calibration data previously stored to the disk, select Load Cal. Data from Disk.
+ To clear all calibration data from memory, select Wipe Cal. Data from Memory.

ore @

If none of the above steps are selected, the latest calibration daota taken will
remain in memory but will not be stored on disk. If the calibration program
is exited, the latest calibration data will be lost.

26. Press to return to the Main Menu.
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Internal Sources Calibration

DESCRIPTION

The Internal Sources Calibration program determines the settings of DACs 2 and 3 which
tune three of the four internal Oscillators to their nominal frequencies. This is a software
controlled adjustment. (The three oscillators are 10 MHz A, 10 MHz B, and 350-500 MHz.)
The tuning (or frequency set) data is then recorded on the System’s mass storage medium
in the HIGHDATA.CAL file. As with the Option 1 and Option 2 Calibratfion, this data must
be used only with the HP 11848A for which the data was taken.

EQUIPMENT

Frequency Counter. A general purpose 550 MHz counter is required. It does not need to be
programmable.

PROCEDURE

NOTE

The program used for this procedure is CAL.EXE. For more information,
refer to Logding the HP 3048A Option 301 software on page 5.

Initial Setup
“ 1. From the Calibration Main Menu, select Calibration,

2. Select Center V. of Internat Sources.

NOTE
For all vscillotors increasing the voltage decrenses the frequency.

The DACs can be set in I mV increments If an unacceptable value is
entered, a prompt will indicate that the entry needs modificalion.

Calibration of the 10 MHz A QOscillator

3. Connect the cable from the HP 11848A front-panel 10 MHz A source output to the
counter’s input.

4, To adjust the DACs:
a. Use the [:é:] E keys to select the center voltage corresponding to 10 MHz A, and
press to turn on the oscillator.

b. Note the frequency on the counter. If it is within £10 Hz of 10 MHz, continue on
to step 5.

c. If the frequency is out of limits, change the voltage of DACZ2 by keying in a new
voltage within the cursor field then press . If the voltage does not bring the
frequency within limits, key in another voltage. (The tuning sensitivity is about
20 Hz/V.)

Internal Sowrces Calibration 49




Calibration Model 3048A Option 301

Calibration of the 10 MHz B Oscillator

5. Connect the cable from the HP 11848A. front-panel 10 MHz B source output to the
counter’s input as prompted.

6, To adjust the DACs, proceed as in step 4 to bring the frequency within +50 Hz of 10
MHz, then continue on to step 7. (The tuning sensitivity is about 200 Hz/V.)

Calibration of the 350-500 MHz Oscillator

7. Connect the cable from the HP 11848A front-panel 350-500 MHz source cutput to the
counter’s input as prompted.

8. To adjust the DACs, proceed as in step 4 to bring the frequency between 399 and 401
MHz, then press to return to the Calibration Menu. (The tuning sensitivity is
about 20 MHz/V.)

Storing Calibration Data

9. Once the DACs have been adjusted, the following choices are available.

+ To store the new DAC values, select Store Cal. Data to Disk. This will update the
files LOWDATA.CAL and HIGHDATA.CAL on the disk being used.

« To load DAC values previously stored to the disk, select Load Cal, Data from Disk.
« To clear all calibration data from memory, select Wipe Cal. Data from Memory.

NOTE

If none of the above steps are selected, the lotest calibration data taken will
remain in memory but will not be stored on disk. If the calibration program
is exited, the latest calibration data will be lost,

10. Press to return to the Main Menu.
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Spectral Purity Test for Options 001 and 002

DESCRIPTION

Option 001 adds an HP 8662A Synthesized Signal Generator as a System reference source.
Option 002 adds an HP 8663A Synthesized Signal Generator as a System reference source.
To test the spectral purity of these options, an absolute, phase-lock-loop, phasenoise
measurement is made with the signal generator in the System vs. another signal generator
of the same type. The test is run only for a carrier of 1270 MHz.

NOTE

The phase noise measurement result is the combined noise of both signal
generators. Both generators together must meet the specified noise level.
If one or both generators do not meet the specification, o third generator
must be measured vs. each of the other fwo generators fo determine
which generator is not within specification. Thig procedure is known as a
three-oscillator comparison test,

EQUIPMENT

Printer. This test will run without a printer connected to the computer. However, connecting
a printer is recommended.

m If a hardcopy of the test results is desired, the GRAFPLUS software must be executed prior

to loading the HP 3048A Option 301 software. (For detailed information on GRAFPLUS,
refer to appendix A in the HP 3048A Option 301 Operating Manual.)

Reference Signal Generator. The reference generator can be either an HP 8662A Option 003
or an HP 8663A Option 003 Synthesized Signal Generator.

RF Spectrum Analyzer. The System collects data to 100 kHz offsets with the HP 3561A.
Data to 40 MHz offsets requires, in addition, an RF gpectrum analyzer. Any supported RF
spectrum analyzer can be used in this test. However, all specified offsets are covered with
the HP 3561A. An RF analyzer is needed only if informational data beyond 100 kHz is
desired.

PROCEDURE

NOTE

The program used for this procedure i3 PN . EXE, For more information,
refer to Loading the HP 3048A Option 301 software on page 5.

1. From the Phase Noise Main Menu, select File System.
2. Belect Directory.

3. Type *.PRM and press [ENTER |

Spectral Purity Test for Options 001 and 002 51




Calibration Mode] 3048A Option 301

4. Using the [2][7] keys select HPTEST21.PRM and press [ENTER |

5. Select Load File. '
6. HPTEST21. PRM should be displayed as the path. Press to Joad the file. o

NOTE

This file has been set up specifically to measure the HP 8662A and HP
8663A Synthesized Signal Generators and all entries in the Define Mea-
surement Parameter Table have been set for best measurement accuracy
for these sources. It is assumed that the System’s HP 8662A or HP B663A

is in the System’s Configuration Table.

7. Press to return to the Main Menu.
8. Select New Measurement.
9. Press| Y | to indicate the new measurement data is desired.
10. Connect the instrument as shown on the display and in figure 33.

HP 8662A OR B8663A
SYNTHESIZED SIGNAL GENERATOR

HP 3561A DYNAMIC R N N N A J

SIGNAL ANALYZER
ooo 0

s —|

[ -] DC....
- i O Oooo| 4D
SOURCE OUT % 00 oobol| o—g| ©
(REAR PANEL) . ool ga| ] [Dooa O o
sol Dl (000 o
=] p RF
/ﬁJ

TO
HP 1561A
INPUT

NOISE INPUT ) 1"
FROM SPECTRUM

ANALYZER  EFC IN

(REAR PANEL)

(REAR PANEL)

HP 11848A PHASE

NOISE INTERFACE veon
ANALYZER
OR 50-0HM

LOAD HERE.)

Figure 33. Spectral Purity Test Setup for Options 001 and 002
11. Set the reference HP 8662/8663 to 1270 MHz and +16 dBm. All other functions should
be turned off.

il
4
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12. Press * The measurement should proceed automatically without error messages.
The measured spurious signals, as read from the measurement results plot, should be
less than ~70 dBc for frequency offsets less than 300 Hz and less than —84 dBc for
offsets greater than 300 Hz. The measured noise should be with the limits given in the
following table.

Spurious Signal Limit for Offsets «300Hz: 70 dBc
Spurious Signal Limit for Offsets »300Hz: 84 dBec

Otfzet Noige Level (dBe)
Frequency
{Hz) Actual Maxirnum

1 - —48

10 [ ~78

100 - —-47
1000 - =112
3000 . —112
5000 e —114
10 000 —_— ~124
100 000 —_— —~124

13. When the test is done, the computer will sound a short beep and display the message
Measurement Complete for approximately 5 seconds.

14, To print a hardcopy of a phase noise graph, press and [F4] simultaneously.
15, Press to return to the Main Menu,
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Spectral Purity Test for Options 003 and 004

DESCRIPTION

Option 003 adds an HP 11729C Carrier Noise Test Set as a down-converter to the System
reference source. Option 004 adds an HP 11729C Option 130 Carrier Noise Test Set (with
an AM detector) as a down-converter to the System reference source. The reference source
can be either an HP 8662A Option 003 or an HP 8663A Option 003.

This test measures the absolute noise floor of the System including the contributions of two
reference sources and two down-converters. (Refer to the functional diagram of Figure 34.)
The test method measures the sum of the noise of two down-converters (including the noise
of their respective 640 MHz reference sources—Source 2 and Source 3) by having each one
down-convert a common source {Source 1). The noise of the common source is then cancelled
in the phase detector. Quadrature is maintained by phase locking.

Tuning is through the electronic frequency control (EFC) port of one of the 640 MHz sources.
Source 1 is an independent microwave signal generator or simply the main RF output of
one of the HP 8662As or HP 8663As (which, by multiplying up its time base reference,
supplies the 640 MHz Source 2 or Source 3).

NOTE

Since the noise floor measurement results include the combined noise of
both downconverters and signal generators, all sources (except Source 1}
together must be better than the specified noise level. If the test results
do not meet specification, the 640 MHz references from the HP 8662As or
HP 8663As should be tested. The test procedure is found in Appendix B.

SOURCE 2

HP _11848A_ _

- —_— —

POWER
SPLITTER PEIA

DETE
SOURCE 1 IN

) o]
grismep—  >-ssam

SE
TOR PHASE LOW—pASS  LOW-NOISE
PUTS | DETECTOR HTER AMPLIFIER

& |

TUNE VOLTAGE
ouTPUT

Figure 34. Functional Diagram of the Spectral Purity Tests

Spectral Purity Test for Options 003 and 004




Model 3048A Option 301 Calibration

EQUIPMENT

m Carrier Noise Test Set. A second HP 11729C is required in addition to the one in the System.

Reference Signal Generator. A second HP 8662A Option 003 or HP 8663A Option 003
Synthesized Signal Generator is required in addition to the one in the System.

Frequency Doubler. If two HP 8662As are used, a frequency doubler is required. The
recornmended model is HP 11721A.

Power Splitter. The generally recommended model is HP 11667A; it has a very wide
frequency range but 6 dB loss. Other splitters such as Mini-Circuits ZAPD-4 have typically
3 dB loss but the frequency range is restricted.

Printer. This test will run without a printer connected to the computer; however, connecting
a printer is recommended.

If a hardcopy of the test results is desired, the GRAFPLUS software must be executed prior
to loading the HP 3048A Option 301 software. (For detailed information on GRAFPLUS,
refer to appendix A in the HP 3048A Option 301 Operating Manual.)

AF Spectrum Analyzer. The System collects data to 100 kHz offsets with the HP 3561A.
Data to 40 MHz offsets requires, in addition, an RF spectrum analyzer. Any supported RF
spectrum analyzer can be used in this test. However, all specified offsets are covered with
the HP 3561A. An RF analyzer is needed only if informational data beyond 100 kHz is
desired.

PROCEDURE

m NOTE
[

The program. used for this procedure is PN.EXE. For more information,
refer to Loading the HP 3048A Option 301 software on page 5.

. The HP 3048A Noise Floor Test should be run before running this test.
. From the Phase Noise Main Menu, select File System.
. Select Directory.

. Type *.PRM and press [ENTER .

. Using the @@ keys, select HPTEST17.PRM and press ,

. Select Load File.

. HPTEST17 . PRM should be displayed as the path. Press to load the file.

NOTE

This file has been set up specifically to measure the HP 8662A and
HP 8663A Synthesized Signal Generators and the HP 11729C Carrier
Noise Test Sets. All entries in the Define Measurement Porameter Ta-
ble have been set for best measurement accuracy for these sources. How-
ever, only the first HP 11729C actually needs to be entered in System’s
Configuration Table which allows the System to select its center band).
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8. Press to return to the Main Menu,
9. Select New Measurement.
10. Press to indicate that new measurement data is desired.

11. Connect the instruments as shown in figure 35 and set the non-controlled instruments
as instructed in the following steps a and b. However, before connecting and setting
the instruments, read the following notes.

a. Normally, you will set the level of the second source (driving the power splitter)
to +13 dBm, and set its frequency to 2116.7 MHz (into the splitter). (But see the
following notes.)

b. Set the second HP 11729C FILTER RANGE CENTER BAND to 1.92 GHz. (Or, in
general, set the center band to frequency that matches the RF or microwave input
frequency.)

HP 3561A
|

SOURCE OUT
(REAR PANEL)

ok HF Saaih
SOIRGE oUTRUY
(REAR  RANEL)
HP 118484 T HP 358LA
PHASE NOISE WHPUT
INTERFACE (::ECOE%?CQFH Lz
CTRUM

ANALTZER
OR 50-0HM

LOAD HERE.}

‘ FIRST
a0 e m HP 117290 el
SRt

MICROWAYE
TEST SHaMAL

H H H
EFC N i
. v FIRST
(REAR PANEL) o HESB'SM€ “
¢ %m#lm
&

o ERATOR 640 wHz our | [
(REAR PAMEL) 5 (REAR PANEL)

RF OUTPUT

* NOTE: W1 LENGTH = W2 LENGTH

W3 LENGTH = WA LENGTH DOUBLER

e

HP 88634

— — —a WICROWA
~ = SIGNAL SOURCE

Figure 35. Spectral Purity Tests for Options 003 and 004 Setup

12. Using the |8 |or|SHIFT || F8 | keys, set the lowest possible beatnote as measured on the HP 3561A

display. Do not exceed %5 volts as the specified center voltage. (Use the [A][v] keys to
change the HP 3561A frequency span.)

56 Spectral Purity Test for Options 003 and 004




Model 3048A Option 301 Calibration

M

HP TEST 11729C-8662-63 VE. 11729C-B562~-63 RABS NSE
Chpl 3848A Carrier: 2.1167E+3 Hz 19 Jan 1988 15:14:32 - 15:19:54

T T L) L L] rri Ll LI T LI L] LILEL L) LR L

AN

1 dedd, 1 11l 1 1o il 1 1.4t 1

| §a0a] 1K (4514 188K
L{f) CdBersHz) wvs FLHz1

Figure 36. Typical Spectral Purity Tests Results

NOTE

1. The on-sereen connection diagram, while showing the general measure
ment technique, is incomplete. Also note that neither of the HP 8662As or
HP 8663As nor the second HP 11728C in figure 36 are under HP-1B conitrol.

2, Either the firgt source, the second source, or an independent third souree
can be used to drive the power splifter.

3. The recommended input drive level fo each of the two HP 11728Cs is
+7 dBm; although, for the 1.28 and 3.20 GHz frequency band, 0 dBm is
adequate. Thus, if an HP 11667A Power Splitter (with a nomingl 6 dB
loss) is used, the source driving the power splitter optimally should be set
to 2116.7 MHz at +13 dBm, but ¢ level as low og +6 dBm 15 adequate.

4. If the source driving the power splitter (such as the HP B662A) requires a

doubler, set the source’s frequency to 1068.35 MHz and set its level as high

as possible (+16 to +20 dBm) to generate ot least 0 dBm at the output of
the doubler.

5. The frequency of 2116.7 MHz was chosen to minimize the number of
significant spurious signals.

6. Other sources can be used to perform this test at higher frequencies. It
is important to observe the power requirements stated above and to set the
center bands of the HP 11729Cs fo match the carrier frequency. For the
spectral purity specifications at other frequencies, refer to the Specifications
section of the Reference Manual.
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13. Press . The measurement should proceed automatically. The measured noise
should be similar to that shown in Figure 36 and should be within the limits given in
the following table.

NOTE

If the beatnote frequency is too high, the System ecannot tune the (EFC)
source close enough to acquire phase lock. Various error messages on
the display warn of this condition. You rmust then manually adjust the
frequency of one of the 640 Mz sources (in the HP 8662As or HP 86653A5)
to bring the difference frequency of the sources within the loop’s capture
range. (For the HP 8662A and HP 8663A, the adjustment is located on the
rear panel and is labeled “FINE FREQUENCY ADJUST™)

If this test fails, perform the HP 8662A or HP 8663A 640 MHz Speetral
Purity Test in Appendix B.

Offset Nolse Level (dBc)
Frequency
{Hz) Actual Maximum

1 — —44

10 N —74

100 _ —84
1000 N —110
3000 — =110
5000 ————— —120
10 000 S —130
100 000 - =140

14. When the test is done, the computer will sound a short beep and display the message
Measurement Complete for approximately 5 seconds.

15. To print a hardeopy of a phase noise graph, press and simultaneously.
16. Press to return to the Main Menu.
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@ Spectral Purity Tests for Options 005 and 006

DESCRIPTION

Option 005 adds an HP 8642A Signal Generator Option 001 as a System reference source.
Option 006 adds an HP 8642B Signal Generator Option 001 as a System reference source.
(Option 001 in the HP 8642A or HP 8642B adds a high-stability timebase reference.) To test
the spectral purity of these options, an absolute, phase-lock-loop, phase-noise measurement
is made with the signal generator in the System vs. another signal generator of the same
performance or better. The test is run only for a carrier of 640 MHz.

NOTE

The phase noise measurement result is the combined noise of both signal
generatars. If a second HP 8642A or HP B642B Signal Generator is
used, the specified noise level should be raised 3 dB. Then, if one or
both generators do not rneet the specification, g third generator must be
reasured vs. each of the other two generators to determine which generator
is not within specification. This procedure is known as a three-oscillator
comparison test.

EQUIPMENT

~ Printer. This test will run without a printer connected to the computer. However, connecting
; a printer is recommended.

If a hardcopy of the test results is desired, the GRAFPLUS software must be executed prior
to loading the HP 3048A Option 301 software. (For detailed information on GRAFPLUS,
refer to appendix A in the HP 3048A Option 301 Operating Manual.)

Reference Signal Generator. The reference signal generator must have phase noise perfor-
mance that equals or exceeds the specifications for the HP 8642A or HP 8642B under test.
Possible reference sources include the 640 MHz reference from an HP 8662A Option 003 or
HP 8663A Option 003 Synthesized Signal Generator or a second HP 8642A or HP 8642B
Signal Generator (which need not have Option 001). None of the sources need to be in the
System’s Configuration Table, but one may be. Having the System’s HP 8642A or HP 86428
in the table will put it under automatic control.

RF Spectrum Analyzer. The System collects data to 100 kHz offsets with the HP 3561A.
Although the System has a specification at 200 kHz offsets, data taken at 100 kHz offsets
is adequate and thus eliminates the need for an RF spectrum analyzer. However, any
supported RF spectrum analyzer, such as the HP 3585A/B Spectrum Analyzer, can be
used in this test. With an RF spectrum analyzer connected, data to 40 MHz offsets will
be displayed.
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PROCEDURE

The program used for this procedure is PN.EXE. For more information, refer to Loading J
the HP 3048A Option 301 software on page 5.

1. From the Phase Noise Main Menu, select File System.

. Select Directory.

. Type *.PRM and press [ ENTER |

. Using the Izl ]El keys, select HPTEST18.PRM and press .
. Select Load File.

. HPTEST18. PRM should be displayed as the path. Press to load the file.

NOTE

This file has been set up specifically to measure the HP 86424 and
HP 86428 Signal Generators and all entries in the Define Measurement
Parameter Table have been set for best measurement accuracy for these
sources, It is assumed that the System’s HP 8642A or HP 8642B is in the
System’s Configuration Table.

. Press to return to the Main Menu.
. Select New Measurement.
. Press to indicate that new measurement data is desired.

. Connect the instruments as shown on the display and in figure 37. If an HP 8642A
or 8642B Signal Generator is used as the second RF source, set its RF output for 640
MHz CW at +6 dBm.

SOURGE OUT
{REAR PANEL}

SECOND HP B642A OR_HP B642B
ose peur E SIGNAL  GENERATOR
SGURCE OUTPUT
(REAR PANEL) Im o [al Il::l|

TUKE - — B 3s61m o (G750 (oo) ([codoa) (oo |oo
HP 118484 . Ak INPUT o o (oo (ooogo O o
: < |oo| |ooooo
P“ﬁ'er:&gE : SPECTRLM o0 [ood |os| |ooooo OO | mur
ra__=

CONNECT RF
gPECTRUM .|

O O 2t |

HP B&62A

OR HP BB63A

- O | SYNTHESIZED
o]

kY
X Do. &
il =l — - SIG
= = pipimy ¢ no GENERATOR
o O oo joga Djioo|loo b oo
o o |oo| |ooo = . °eloo
L - oo | (ooooo 540 MMz OUT ool || O00O00OC
0®[ood |oo] (cooas -0 | Slreur  tream paneny {1 2
—

FIRST HP 864%A R HP 86428
SIGNAL GENERATOR

Figure 37. Spectral Purity Tests for Options 005 and 006 Setup
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11. Press softkey. The measurement should proceed automatically without error
messages. If the reference source is an HP 8662A Option 003 or HP 8663A Option 003,
the measured noise should be similar to that shown in Figure 38 and should be less
than —134 dBe at 20 kHz offset or —144 dBe at 100 or 200 kHz offset. If the reference
source is an HP 8642 A or HP 8642B, subtract 3 dB from the measurement results; the
limitg should then be as previously stated.

Noise Limit for 20 kHz Offset; . 134 dBe
Noise Limit for 100 or 200 kHz Offset: =144 dBc

HP TEST BE42A-8B V5. B6KE2-E3 ABS NOISE & &40 MHz
Chpl 3A48R Carrier: G4R.E+E Hz 21 Jan 13688 16:37:;46 - 16:43:.8

LR L)

T TT H LI I | T LI ) L T ¢ 1 T T 7T T T 77 H

N,
Ml

™,

Ik i i 44 1 I 1 A L.l

I;Bﬂ — 1K 18K 188K
L (f) [dBersHzl v= f[H=z]

Figure 38. Typical Spectral Purity Tests Results with HP 8662A Reference Source

12. When the test is done, the computer will sound a short beep and display the message
Measurement Complete for approximately 5 seconds.

13. To print a hardcopy of a phase noise graph, press and [F4] simultaneously.
14. Press to return to the Main Menu.
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Appendix A: Block Diagram and System Troubleshooting

BLOCK DIAGRAM

The foldout BD is a block diagram of the HP 11848A Phase Noise Interface. When
calibrating the System, the diagram helps to visualize what circuit functions are being
tested. It is also very useful when running the HP 11848A Control feature which isrequired
in several of the tests, The HP 11848A Control feature permits arbitrary control over all
programimable circuits; the Block Diagram documents those circuits. For more information
about the Block Diagram (such as theory of operation), refer to the HP 11848A Service Manual.

SYSTEM TROUBLESHOOTING

The tests described in this manual can often assist in isolating System faults down to a
System device. Some aspects of the main software tests as they apply to isolating faulty
System devices are described in the following list.

Calibrate System. A series of transfer function measurements are made on various signal
paths in the Interface. The measurement data is stored as calibration factors which the
controller uses {either directly or in more involved calculations) to correct the measured
phase noise data whenever that signal path is used. Normally the Calibrate System
program is invoked only for the annual System calibration or when the Interface has been
repaired. Any difficulties encountered when the calibration program is being run may point
to the Interface. For example, a catastrophic failure of a high-pass filter in the Interface will
generate data that is too far out of limits to be accepted as a legitimate transfer function;
the program will then abort the measurement,

Performance Tests. To verify that the system meets its published specifications, a series of
Performance Tests can be run, The failure of a test may contain enough clues to point to 2
failure in the Interface.

internal Adjustments. Often small out-of-specification results of the Performance Tests or
Functional Checks can be corrected by means of adjustments, particularly if the condition
1s due to a dc offset voltage that iz out of limita.

Functiona! Checks. These tests are an extension of the Performance Tests that test the
general operational integrity of the Interface itself. The test limits are generally loose.

HP 11848A Control. Arbitrary and complete control of the programmable functions of the
Interface from the controller keyboard is provided by the HP 11848A Control program. A
single display contains all the Interface state information. Because of the compactness of
the state information, you should consult the HP 3048A Option 301 Reference Manual when
running the program.

Appendix A: Biock Diagram and System Troubleshooting
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1. Switches on tthe Block Diagram are shown in 4, Assemblies AG, A8, and A9 are controlled as
thair HP-IB preset state. At Interface turn-on follows:
with no controller connected, the power-up state
is the same as the HP-IB praset state except:
a. ATTEN 1 is set to an open-circuit
{non-programmakle) stata, and Control Line
b. the switches of cluster 55 through S8 are
all open.

2. The transfer function of GAIN 2 also has a
lead-lag rasponse as follows:

33.5 kHz

& dB

B

&7 kHz
. The transfer functions of Lag-Lead Network 2

3. The transfer function of Lag-Lead Network 1 is on A4 and the Lag-Lead Network on A3 are
as follows: both as follows:

67 kHz 3.35 kHz

F
v

3.35 kHz 33.5 kHz

To this transfer function is added a . The passband gain of the High-Pass Fifters is 2
programmable lag-lead with the following poles (as measured from TP17 1o the respactive filter
and zeros: output). The gain settings of the GAIN 3
amplifier and attenuator include the passband
gain of the High-Pass Filters.

Lag-Lead Pole Zaro

Number Frequency Frequency Attenuation

4.82 Hz 29.95 Hz 6 dB
8.01 Hz 40.1 Hz 14 dB
9.17 Hz 116.9 Hz 22 dB
9.68 Hz 306 Hz 30 48
9.95 Hz 784 Hz 38 dB
9.95 Hz 1.985 kHz 46 dB
§9.95 Hz 5.00 kHz 54 dB
9.95 Hz 12.58 kHz 62 dB

~NEmO R WD =D

Block Inagram Noles
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Appendix B: HP 8662A or HP 8663A 640 MHz Spectral Purity Test

DESCRIPTION

This test measures the absolute noise floor of the System including the contributions of
two 640 MHz reference sources (a combination of HP 8662A Option 003 and/or HP 8663A
Option 003) in a normal phase-lock-loop, phase-noise measurement. Tuning is through the
electronic frequency control (EFC) port of one of the 640 MHz sources.

This test should not be confused with the Spectral Purity Tests for Options 001 and 002. That
test measures the absolute phase noise on the front-panel RF output. This test measures
the absolute phase noise on the low-phase-noise, rear-panel 640 MHz reference output. Also
note that the two sources (HP 8662A or HP 8663A) must have the low phase-noise option
(Option 003).

This test is intended to be run when the Spectral Purity Test for Options 003 and 004 failg. If
that test fails but this test passes, the failure is in one of the HP 11729C Carrier Noise Test
Sets. If this test also fails, the failure is in one of the HP 8662As or HP 8663As,

EQUIPMENT

Carrier Noise Test Set. This test requires a low-noise amplifier to increase the power level of
one of the 640 MHz sources enough to adequately drive the L port of the RF phase detector
in the Interface. An amplifier in the HP 11729C Carrier Noise Test Set ideally fills this
need.

Printer. This test will run without a printer connected to the computer. However, connecting
a printer is recommended,

If a hardcopy of the test results is desired, the GRAFPLUS software must be executed prior
to loading the HP 3048A Option 301 software. (For detailed information on GRAFPLUS,
refer to appendix A in the HP 3048A Option 301 Operating Manual.)

Reference Signal Generator. A second HP 8662A Option 003 or HP 8663A Option 003
Synthesized Signal Generator is required in addition to the one in the System,

RF Spectrum Analyzer. The System collects data to 100 kHz offsets with the HP 3561A.
Data to 40 MHz offsets requires, in addition, an RF spectrum analyzer. Any supported RF
spectrum analyzer can be used in this test. However, all specified effects are covered with
the I{P 3561A. An RF analyzer is needed only if informational data beyond 100 kHz is
desired.

PROCEDURE

The program used for this procedure is PN.EXE. For more information, refer to Loading
the HP 3048A Option 301 software on page 5.

1. The Noise Floor Test should be run before running this test.
2. From the Phase Noise Main Menu, select File System.
3. Select Directory.
4. Type * .PRM and press [ ENTER .
. Using the [ A ][ v | keys, select HPTEST20.PAM and press [envtER],

. Select Load File,

Appendix B: HP 8662A or HP 8663A 640 MHz Spectral Purity Test B-1
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NOTE

This file has been set up specifically to measure the HP 8662A and HP
8663A Synthesized Signal Generators. All entries in the Define Measure-
ment Parameter Table have been set for best measurement accuracy for
these sources.

7. HPTEST20. PRM should be displayed as the path. Press to load the file.
8. Press to return to the Main Menu.

9. Select New Measurement.

10. Press[Y]to indicate that new measurement data is desired.

11. Connect the instruments as shown in Figure B-1.

NOTE

The on-screen connection diagram, while showing the general measure-
ment technique, is incomplete. Also note that neither of the HP 8662As or
HP 8663As in Figure B-1 are under HP-IB conirol.

HP 35614 DYNAMIC
SIGNAL ANALYZER

SOURCE OUT
(REAR PANEL)

HOISE  INPUT
FROM HF 35614
SOURCE QUTPUT
(REAR PANEL)

10 WP 3361
INPUT

HP 11848A SPECTRUM ANALYZER
PHASE, - NOISE ‘%‘;’;"f"éﬁu ¥
INTERFACE ~ AWOZER

' M

G40 WHT 1N
(REAR  PANEL)

L

540 WHz OUT || Woe.. .. ooo
{REAR PANEL) = -—

”i':’ﬁ pboe HP BB63A
N jooge SYNTHESIZED

! i o
=i EE_D‘ _ GENERATOR

HP 8662A
OR HP 8683A
SYNTHESIZED
SIGNAL
GENERATOR

640 WHz OUT
(REAR PANEL)

Figure B-1. HP 8662A or HP 8663A 640 MHz Spectral Purity Test
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12, Using the [ F8 | or | SHIFT ”E‘_I keys, set the lowest possible beatnote as measured on the
HP 3561A display. Do not exceed £5 volts as the specified center voltage, (Use
’m the [ A ][ v | keys to change the HP 3561A frequency span.)

13. Press . The measurement should proceed automatically, The measured noise
should be similar to that shown in Figure B-2 and should be within the limits given
in the following table.

NOTE

If the beatnote frequency is too high, the System cannot tune the (EFC)
source close enough to acguire phase lock. Various error messages on
the display warn of this condition. You must then manually adjust the -
frequency of one of the 640 MHz sources (in the HP 8662As or HP 8663A5)

to bring the difference frequency of the sources within the loop’s capture
range. (For the HP 8662A and HP 8663A, the adjustment iz located on the
rear panel and is labeled “FINE FREQUENCY ADJUST?)

Offset MNoise Level (dBc)
Frequency

(Hz2)

Actual

Maximum

1

10

100
1000
3000

5 000
10 000
10¢ 600

—54

-84
—104
118
-118
~126
—142
~154

NOTE

At some frequency offsets, phase noise levels may be obscured by spurious
signals. When this is the case, estimate the phase noise level by auveraging
the levels at the bases of the spurious signals.

In the table above the noise level limits for offsets of 1000, 3000, 5000,
10 000, and 100 000 Hz are 3 dB higher than the published specification
for the HP 8662A QOption 003 or HP 8663A Option 003. This is because of
the increased likelihood that the noise level of each souree is similar and
close to the specification In that case, the combined noise is 3 dB higher
than either source alone.

Appendix B: HP 3662A or HP 8663A 640 MHz Spectral Purity Test
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Figure B-2. Typical Spectral Purity Tests Resulls

14. When the test is done, the computer will sound a short beep and display the message
Measurement Complete for approximately 5 seconds. 0

15, To print a hardeopy of a phase noise graph, press and [ F4] simultaneously.
16. Prese to return to the Main Menu.
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